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Mars Landing Site Selection Activities

5th Workshop

1st Workshop

Define/Refine Constraints

3rd Workshop

Consider constraints where possible
(e.g., rock abundance)

6 sites

New MRO data/50 sites

Started with 35 Sites

2nd Workshop

4th Workshop

Consider Engineering constraints

Limited Ongoing Studies

2006

2007

2008

2009

NASA HQ Selection Spring 2011

Steering Comm. adds 7th Site

Mature Engineering constraints
(e.g., wheel actuators)

2010

2011
Engineering Studies

History and MSL Site Selection Milestones

Call for New Site
4 sites

2 imaged
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~50 Proposed MSL Landing Sites

Shaded areas are above +30°N, below -30°S, and above 
+1 km in elevation
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Mawrth Vallis

South Meridiani

Miyamoto Crater

Eberswalde Crater
Holden Crater

Nili Fossae Trough

Gale Crater

Seven Sites Receiving Highest Science Ranking:
Shaded areas above +30°N and -30°S, elevations >1 km

Green outlines denote final four sites based on science, engineering

Seven Downselected MSL Landing Sites:
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Mawrth Vallis

South Meridiani

Miyamoto Crater

Eberswalde Crater
Holden Crater

Nili Fossae Trough

Gale Crater

Four Sites: Mawrth, Gale, Eberswalde, Holden

Potential Sites: NE Syrtis, E Margaritifer

MSL Landing Sites

Mawrth

Holden
Eberswalde

Gale

NE Syrtis

E Margaritifer
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Final Four MSL Landing Ellipses

10/14/09 6Golombek et al. Surface Characteristics E. Noe, V. Hanus

Eberswalde

Mawrth 2

Gale

Holden

25 km x 20 km Ellipses



Mars Landing Site Selection Activities

Final 4 MSL Landing Sites

• All Ellipses 25 x 20 km
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HiRISE Coverage of Four MSL Landing Sites:
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Holden Crater Eberswalde Crater

Gale Crater Mawrth Vallis

Stereo HiRISE Coverage of Four MSL Landing Sites:
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CRISM Coverage of MSL Sites

Eberswalde

Holden

Mawrth

Gale
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Eberswalde Crater: 

J. Rice, K. Lewis, J. Moore, M. Malin, J. Schieber



Mars Landing Site Selection Activities

Clay-Bearing Beds in Deltaic Setting: 

From Ralph Milliken
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Gale Crater: K. Edgett, B. Thomson, N. Bridges, R. Milliken

From Brad Thomson

Malin and Edgett 2000
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CRISM FRT 58A3  Draped on CTX

CTX image on DEM from L. Edwards and K. Edgett

From Ralph Milliken

Gale Crater



Mars Landing Site Selection ActivitiesHolden Crater: J. Grant, R. Irwin, K. Whipple

100 m

PSP_001468_1535
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DEM Provided by 
O. Aharonson 

Holden Crater
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Mawrth Vallis: J-P Bibring, F. Poulet, J. Michalski, J. Bishop, E, Noe Dobrea, J. Wray
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From Janice Bishop

From James Wray

Mawrth Vallis: Phyllosilicate-Bearing Stratigraphy within the Landing Ellipse:
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Potential New MSL Site Sites:

Taking Advantage of Launch Delay – Respond to New Disoveries/New 
Sites Identified by MRO

Call for new sites in August 2009
- Five Sites Met Criteria: Mineralogic/Morphologic Compelling; As safe as existing 

sites
- Steering Committee, Project Review Dec. 11, 2009

Science and Safety
- Strong Consensus NE Syrtis, E Margaritifer Potentially Compelling

NE Syrtis – Diverse Noachian Mineralogy (Phyllo, Serp, Carb)
E Margaritifer – Chlorides, Phllosilicates

MRO Imaging Mostly Complete
- Complete Stereo HiRISE Covergae of Ellipses
- Completing CRISM Covergae of Ellipses

Steering Committee & Project Review of Two Sites, early May 2010
- Science – Materials Available, Preservation Aqueous Environment
- Safety – Comparison to Existing 4 Landing Sites
- Recommend whether One Additional Site Should be Added
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Holden Crater

Eberswalde

Mawrth Vallis

Gale Crater

Nili Carbonate
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NE Syrtis

E Margaritifer Chlorides - Phyllo

Ladon - Chlorides

Xanthe Terra fan delta

Newly Proposed Candidate MSL Landing SitesNewly Proposed Candidate MSL Landing Sites
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New Proposed 
MSL Landing 

Sites

• 5.6S, 353.5E    -1.2 km E Margaritifer
• 18.8S, 332.5E  -2.1 km Ladon basin
• 21.7N, 78.8E -1.5 km Nili Carbonate
• 16.7N, 76.9E -2.6 km     NE Syrtis
• 2.3N, 309E -2.1 km     Xanthe Terra crater

11/25/09 21

HiRISE Coverage
Dec. 2009
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A Thumbnail View of the Newly Proposed Sites:
East Margaritifer

Chloride

Ladon Basin
Chloride

Xanthe Delta

Nili Carbonate

NE Syrtis
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Center Location 17.808 N, 77.076 E
Center elevation: -2033 m  

CRISM Coverage CRISM Coverage

E Margaritifer NE Syrtis

HiRISE Coverage HiRISE Coverage
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• Chapter from New Mars Book
• Direct Relationship between Surface Characteristics at Landing Sites and Remote Sensing Signatures from Orbit
• Surface - Cohesion, Particle Size of Fine Component and Rocks, topo maps
• Orbit - Thermal Inertia, Albedo, Dust Index, Rock Abundance, Rocks, topo maps
• Comparison & Data Improved Past 12 years Successful Prediction of MPF, MER, PHX Landing Sites

Surface Characteristics
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Site Characterization
• Extensive Acquisition & Analysis Orbiter Data 

– Create Data Products that Address Engineering Constraints
– CDP Supports Generation of Data Products
– HiRISE DTMs & Photoclinometry, Rock Maps, Thermal Inertia, MOLA Slopes, CTX DTMs, Radar Analysis

• Support Engineering Landing Simulations & Safety Analysis
• Engineering Constraints on Landing Sites 

· Latitude, Elevation, Ellipse Size, Slopes (many scales), 
· Rocks, Radar Reflectivity, Load Bearing (thermal inertia & albedo)

– Greatest Concern is Slopes and Rocks at Rover Scale
– Rocks – Safety Concern 

· Rocks >0.6 m high [1.2 m diameter] – landing stability and loads
– m scale slopes concern – appears stable beyond 15° to 20-25°
– km scale and 100 m slopes important for radar

· May be less of a concern at these sites
– Physical material properties will be important for trafficability analysis
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Surface Characterization
• 3 Sites Relatively Dust Free; 4th Target Layers

– Competent Load Bearing Surfaces, Radar Reflective
• All Sites ~Meet 0.2-10 km Relief/Slope Constraint

– Rough Eberswalde, Gale, Mawrth, Holden Smooth
• 2-5 m Slopes:

– Rough Eberswalde, Gale, Mawrth, Holden Smooth
• Rock Abundance

– Rocky Eberswalde, Gale, Mawrth, Holden Few Rocks
• Combining Rocks & 2-5 m Slopes - Most Important 
Characteristics
– Rough/Rocky Eberswalde, Gale, Mawrth, Holden Smooth/Few Rocks

• Additional Data Analysis & Landing Simulations
– Will Determine Relative Safety
– Traverse Requirements and Scenarios
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Science versus Safety Trade
Landing Simulations - Determine Relative Safety of Sites

• Example of Risk versus Reward Trade
– *Eberswalde Concerns with 100 m & 2-5 m slopes and rocky, 
Southern latitude, well understood depositional environment, quiet 
water clay deposits, address MSL science objectives directly

– *Gale some rock and slope concerns (edge of ellipse), target 
materials require traverse outside of ellipse, sulfates and 
phyllosilicate layers present, unknown depositional setting, with poor 
geologic context or age of materials

– *Mawrth some slope concerns, non “go to” site, Fe & Al 
phyllosilicates of LN age present, but uncertain depositional and/or 
diagenetic setting

– *Holden no safety concerns, target materials require traverse 
outside of ellipse, Southern latitude, layered phyllosilicates in 
lacustrine or fluvial setting, well understood geologic context
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•E Margaritifer & NE Syrtis sites 
• Evaluated early May 2010
• One may be added to list of four

• Fourth Community Workshop Sept. 27-29 near JPL
• In depth discussion science merits and surface 
characteristics

• PSG Working Group - detailed look at sites
• Science targets & traversability
• Chaired by Ken Edgett & Dawn Sumner, involve community 
via site advocates

• Fifth Community Workshop in March/April 2011
• Findings of PSG Working Group 
• Final discussion of science merits & surface characteristics

• Independent Peer Review
• Selection by HQ in April 2011

Future MSL Site Selection Activities
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Planning Future Site Selection Activities:

• Orbital assets exist now that can provide data for a 
wide variety of candidate landing sites

• These orbiters and instruments have finite 
capabilities and lifetime (MGS) and instruments 
with equivalent or better/unique capabilities might 
not fly before possible landings in 2018 and beyond

• Solicit Candidate Landing Sites for Future Missions
• [All Missions and Concepts]
• Begin Imaging to Support Investigations; MRO 

Agreed to  3-4 Targets per Cycle

• Workshops to Discuss Merits of Sites; Steering 
Committee to Review, Prioritize Sites

• Funding to Support Site Investigations
Presented at last MEPAG; 

Unanimous Support; White paper to 
Decadal Survey
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Future Landing Sites:

• Call for sites (for range of future mission scenarios) made late last year, resulted 
in 15 candidates

• Call for CDP out now, may yield additional candidates (proposals due March 1st)
– Expected to fund 5-10 proposals for 25K for 1 year
– Possibility for renewal

• New sites reviewed by Steering Committee to assess merits and rank for imaging 
by MRO

• Steering Committee represents  broad interests (Astrobiology to SR and others)
– Steering Committee includes John Grant, Matt Golombek (co-chairs), Dave 

Des Marais, Brad Jolliff, Nicolas Mangold, Alfred McEwen, John Mustard, 
Gian Ori, Steve Ruff, and Ken Tanaka

– Ellipses generally 10 km X 15 km (or 15 km), but others specified by proposer
· Steering Committee Chairs work with proposers to establish image 

footprints
– Targets for viable Candidate Sites entered under landing site theme, included 

as “Wanna Haves”  (open to discussion) and would get imaged over a year.

• Call for sites (for range of future missions) made late last year, resulted in 
15 candidates

• Call for CDP, additional candidate sites (proposals submitted March 1st)
• Expected to fund 5-10 proposals for 25K for 1 year
• Possibility for renewal

• New sites reviewed by Steering Committee to assess merits and rank for 
imaging by MRO

• Steering Committee represents  broad interests (Astrobiology to SR and 
others)

• Steering Committee includes John Grant, Matt Golombek (co-chairs), 
Dave Des Marais, Brad Jolliff, Nicolas Mangold, Alfred McEwen, John 
Mustard, Gian Ori, Steve Ruff, and Ken Tanaka

• Ellipses generally 10 km X 15 km (or 15 km), many focused on MAX-C but 
others specified by proposer

• Steering Committee Chairs work with proposers to establish image 
footprints
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New Candidate Landing Sites Submitted:
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Be as Compelling as these for MSL

May Future Landing Sites


