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Introduction:  The Mars Science Laboratory 

(MSL) mission is a long-range rover with an analytical 

laboratory that is being developed for launch in 2009. 

The spacecraft will land in a small ellipse less than 20 

km in diameter with the capability to carry out detailed 

geology, mineralogy, geochemistry and organics 

investigations. It carries a sophisticated sample 

acquisition and processing system for obtaining key 

samples for the analytic instruments to search for and 

assess habitable environments. Because the mission 

can land anywhere within ±45° latitude and up to +1 

km elevation, an enormous number of different landing 

sites can be considered. This abstract describes the 

mission, science objectives, preliminary constraints 

(planetary protection and engineering), landing sites 

proposed and prioritized at the First Mars Science 

Laboratory Landing Site Workshop, imaging of the 

sites by orbiting spacecraft, and the plans for selection 

of the landing site via additional landing site 

workshops open to the science community. 

Background information pertaining to all of these 

topics can be found at [1] and have been discussed in 

[2,3]. 

The Mission: The flight system consists of an 

aeroshell, backshell and cruise stage. The spacecraft 

enters the atmosphere directly from approach and uses 

the aeroshell and the friction of the atmosphere to 

initially slow itself. A parachute further slows the 

spacecraft and the rover is lowered on a tether to the 

surface, beneath a sky crane with all the descent 

propulsion. The rover is placed directly on the surface 

and the surface mission begins. 

Science Objectives: The primary scientific goal of 

the Mars Science Laboratory (MSL) is to assess the 

present and past habitability of the martian 

environments accessed by the mission. Such 

assessments require integration of a wide variety of 

chemical, physical, and geological observations. In 

particular, MSL will assess the biological potential of 

the regions accessed, characterize their geology and 

geochemistry at all appropriate spatial scales, 

investigate planetary processes that influence 

habitability, including the role of water, and 

characterize the broad spectrum of surface radiation. 

To enable these investigations, MSL will carry a 

diverse payload capable of making environmental 

measurements, remotely sensing the landscape around 

the rover, performing in situ analyses of rocks and 

soils, and acquiring, processing, and ingesting samples 

of rocks and soils into onboard laboratory instruments. 

Candidate landing sites should contain evidence 

suggestive of a past or present habitable environment. 

To the extent that it can be determined with existing 

data, the geological, chemical, and/or biological 

evidence for habitability should be expected to be 

preserved for, accessible to, and interpretable by the 

MSL investigations. 

Planetary Protection Considerations: The MSL 

project has been assigned to Category IVc by NASA’s 

Planetary Protection Office with constraints on the 

landing site and regions accessed from it. Specifically, 

MSL is limited to landing sites not known to have 

extant water or water-ice within one meter of the 

surface. Later access to “special regions” defined in 

NPR 8020.12C (regions where terrestrial organisms are 

likely to propagate, or interpreted to have a high 

potential for the existence of extant martian life forms) 

is permitted only in the vertical direction through use 

of sterilized sampling hardware. The above are general 

guidelines for site selection; compliance of specific 

landing sites and nearby regions will be determined 

through discussions with the Planetary Protection 

Office during the site selection process. 

Engineering Constraints: Because the ability to 

ensure a successful landing for MSL is paramount, 

consideration of landing sites must include 

comprehensive assessment of limitations imposed by 

mission engineering constraints. Although these 

constraints continue to be established and refined, a 

description of preliminary values related to allowable 

locations, elevation, and surface properties follows. 

The entry, descent and landing scenario employed 

by the Mars Science Laboratory (MSL) flight system 

places engineering constraints on what would be 

considered a safe landing site. The dominant 

considerations in landing site placement are latitude, 

elevation and the landing ellipse size. The MSL flight 

system is capable of landing in a circle of 20 km 

diameter, within which everywhere must be safe for 

landing and roving. This circle can be placed anywhere 

on Mars that is below +1 km MOLA elevation and 

within 45° latitude of the equator (reduced from +2 km 

elevation and ±60° latitude following the first 

workshop). Steady state horizontal and vertical winds 

and wind gusts are a concern during descent and 

landing, so areas with potentially high winds will need 

to be compared with landing system tolerance during 

development. The landing system uses a radar 
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altimeter, so the entire landing site must be radar 

reflective. Slopes at various length scales (2-5 km, 200-

500 m, 20-40 m and 2-5 m) will vary the measured 

distance of the spacecraft from the ground during 

descent thereby negatively impacting fuel consumption 

or control authority. Short wavelength slopes also 

affect landing stability and trafficability. These 

constraints require slopes over 2-5 km length scales 

<3°, slopes over 200-500 m length scales <5°, slopes 

over 20-40 m length scales <15°, and slopes over 2-5 

m length scales <15°. Rocks higher than 0.6 m are a 

problem for landing, requiring areas with intermediate 

or lower rock abundance. The landing surface must be 

load bearing and trafficable and so must not be 

dominated by dust. Persistent cold surface temperatures 

and CO2 frost will negatively impact performance. 

These latter three considerations will likely eliminate 

areas with very low thermal inertia and very high 

albedo.  

Surface characteristics (short wavelength slope, 

rocks and dust) of a trafficable surface are similar to 

those required for safe landing, except the small 

landing ellipse and long traverse capability allow the 

possibility of considering "go to" sites. These sites 

have a safe landing site adjacent to the target of science 

interest and require traversing outside of the landing 

ellipse to sample the materials of highest interest. In 

this case, the area that must be traversed to get into the 

region of highest science interest must be trafficable 

from anywhere within the ellipse. All of the values for 

the parameters discussed will be refined during 

continuing design and development of the spacecraft. 

Landing Site Workshop Schedule: The MSL 

landing site selection process includes four workshops 

whose schedule is driven by the project schedule. The 

key date in the selection of landing sites for missions 

launched on expendable launch vehicles is about 1 year 

before launch or 10/08 for MSL, when a target is input 

into the guidance algorithm of the rocket. This sets the 

date for the third workshop (8/08). Selection of the 

actual landing ellipse can be postponed until about one 

month before launch (9/09). At that time the ellipse 

should be selected for optimal targeting during the first 

trajectory correction maneuver. That sets the date for 

the last open landing site workshop (6/09). The first 

(6/06) and second (10/07) landing site workshops are 

scheduled prior to these to identify prospective landing 

sites and to target and evaluate these sites with remote 

sensing data from orbiters. 

First Workshop Results:  The First Mars Science 

Laboratory Landing Site Workshop was held May 31-

June 2, 2006 in Pasadena, California. The purpose of 

the workshop was to identify and evaluate potential 

landing sites best suited to achieving mission science 

 
Figure 1: MOLA topographic map of Mars showing location of landing sites proposed for the Mars Science Laboratory at the first 

workshop (numbered in order of prioritization). Revised engineering constraints restrict landing sites to ±45° latitude. 
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Table 1:     LANDING SITES PRIORITIZED AT FIRST MSL WORKSHOP 

NAME LOCATION ELEVATION TARGET PROPOSER 

1. Nili Fossae Trough 20.93ºN, 74.35ºE -0.6 km Phyllosilicates J. Mustard  

2. Holden Crater Fan 26.32ºS, 325.30ºE -2.3 km Layered Materials 

Irwin, Grant, 

Malin, Edgett, 

Rice  

3. Terby Crater 27.74°S, 74.11°E -5 km Layered Material 
S. Wilson, Cohen, 

Dobrea  

4. Marwth Vallis 24.65ºN, 340.1ºE ~-3.1 km Phyllosilicates 
J-P Bibring, J. 

Michalski  

5. Eberswalde Crater 23.19°S, 326.75°E -0.8 -0.4 km Delta 
J. Schieber, J. 

Dickson, J. Rice  

6. Gale Crater 4.50°S, 137.35°E -4.5 km 
Interior Layered 

Deposits 
J. Bell, N. Bridges  

7. W Candor 5.80°S, 284.17°E -4 km Sulfate Deposits N. Mangold  

8. N Meridiani 2.37°N, 6.69°E -1.5 Sedimentary Layers Edgett/Malin  

9. Juventae Chasma 4.45°S, 298.09°E -2.8 km Layered Sulfates J. Grotzinger  

10. Nilo Syrtis 29.16°N, 72.97°E ~-0.5 Phyllosilicates J. Mustard  

11. Melas Chasma 9.81°S, 283.62°E -1.9 km Paleolake C. Quantin  

12. E. Meridiani 0.01N°, 3.66°E ~-1.3 km Sedimentary Layers B. Hynek  

13. Athabasca Vallis 9.93N, 156.77°E -2.4 km 
Cerberus Rupes 

Deposits 
D. Burr  

14. Iani Chaos 2.06°S , 342.41°E < -2 km Hematite, Sulfate T. Glotch  

15. Nili Fossae Crater 18.44ºN, 77.58ºE -2.6 km 
Valley Networks, 

Delta sediments 
R. Harvey, J. Rice  

16. Eos Chasma 10.7°S, 322.05°E ~-4 km Chert V. Hamilton  

17. Meridiani Crater  

      Lake 
5.72°N, 358.03°E ~-1.5 km 

Crater lake 

sediments 
L. Posiolova  

18. NE Syrtis Major 16.21ºN, 76.63ºE ~1 km Volcanics R. Harvey  

19. Margaritifer basin 12.85ºS, 338.0ºE -2.12 km Fluvial Deposits K. Williams  

20. E. Melas Chasma 11.72°S, 290.72°E <-2 km 
Interior Layered 

Deposits 
M. Chojnacki  

21. Hellas/Dao Vallis 39.5ºS, 82,7ºE -6 km 
Valley Terminus, 

Layered Deposits 
L. Crumpler  

22. Xanthe/Hypanis 

      Vallis 
11.4ºN, 314.65ºE -2.6 km Layered Deposits L. Crumpler  

23. Becquerel Crater 21.32°N, 352.52°E -2.6 -3.8 km 
Layered Sedimentary 

Rocks 
J. C. Bridges  

24. SW Arabia Terra 6.01°N, 355.60°E -1 km Sed. Rocks, Methane C. Allen  

25. Gullies/Wirtz  

      Crater 
48.48°S, 335.05°E –2.4 km Gullies W. E. Dietrich  

26. W. Arabia Crater 8.45°N, 359.09°E -1.2 km Sedimentary Rocks E. Heydari  

27. Argyre 56.8ºS, 317.7ºE -1.5 km Glacial Features J. Kargel 

28. NW Slope  

      Valleys 
~0, 145°E ~-2 km Flood Features J. Dohm 

29. W. Meridiani 1.7°S, 352.39°E ~-1.0 -1.5 km Sediments, Hematite H. Newsom  

30. Elysium/Avernus  

      Colles 
3.05ºS, 170.60ºE -2.5 km High iron abundance L. Crumpler  

31. Meridiani Bench 7.5ºN, 354ºE ~-1 –1.5 km Layered Sediments A. Howard 

32. SML Craters 49.04°S, 14.494°E > -0.5 km 
Recent Climate 

Deposits 
M. Kreslavsky  

33. Isidis Basin  

      Escarpment 
18.00ºN, 79.60ºE –3.5 km Volatile sink L. Crumpler  

 

objectives within the 

constraints imposed by 

engineering and 

planetary protection 

requirements and the 

necessity of ensuring a 

safe landing.  

The workshop was 

well attended with 

about 100 participants 

that included Principal 

and Co-Investigators 

from MSL, Principal 

and Co-investigators 

from major orbiter 

instruments that are 

being used to certify 

the sites, and many 

scientists unaffiliated 

with MSL, which 

highlights the Mars 

community’s interest 

in MSL landing site 

activities. A wide 

variety of sites were 

proposed at the 

workshop. A total of 

33 general sites were 

proposed that 

incorporated 94 

landing ellipses 

(multiple ellipses were 

proposed for some 

sites) that span a 

considerable range of 

latitudes and 

elevations on Mars 

(Figure 1). Most 

landing sites were 

proposed based on 

morphology (e.g., 

layered or deltaic 

deposits) or 

mineralogy (e.g., 

sulfates or 

phyllosilicates from 

OMEGA, 

Observatoire pour la 

Mineralogie, l’Eau, les 

Glaces, et l’Activite  

[4]) indicative of 

aqueous processes or both. In addition to the landing 

site presentations, there was substantial discussion of 

their merits and a vote to prioritize the sites based on 

their science potential and safety for subsequent 

imaging. Sites prioritized in the top third (Figure 1) 

include three characterized by phyllosilicate signatures 
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Figure 2: Example of definition of MSL landing site at Holden crater 

on MOLA topographic base.  Yellow circle is 20 km diameter 

landing site, red box is CTX image coverage, and black rectangle is 

requested HiRISE image. 

(Nili Fossae, Mawrth Vallis and Nilo 

Syrtis), two characterized by sulfate 

signatures (W. Candor and Juventae 

Chasma), with the rest characterized by 

layered deposits of likely or proposed 

aqueous origin (Table 1). Most, but not all 

of the highest ranked two thirds of the sites 

are "go to" sites that have a safe landing 

site adjacent to the target of science 

interest that require traversing outside of 

the landing ellipse to sample the materials 

of highest interest.  

Remote Sensing Targeting of 

Landing Sites:  Of the 33 sites proposed 

and prioritized at the first workshop, 30 

have been defined and targeted by remote 

sensing assets. For each landing site 

proposed, a single 20 km diameter ellipse 

has been defined that appears smooth and 

flat (Figure 2). In addition, a Region of 

Interest (ROI) has been defined that 

includes the landing ellipse and if it is a 

“go to” site, the area of interest for the 

rover to explore. Finally, each site includes 

the location of the preferred HiRISE  (High 

Resolution Imaging Science Experiment) 

image for the standard survey images that 

are being acquired by Mars 

Reconnaissance Orbiter (MRO). The 

standard MRO survey images for MSL 

landing sites are a collocated set composed of: 6 km 

wide by 10 km long HiRISE image at 30 cm/pixel; 10 

km by 10 km CRISM (Compact Reconnaissance 

Imaging Spectrometer for Mars) image at 18 m/pixel 

(512 bands); 30 km by 30 km CTX (Context Imager) 

image at 6 m/pixel. These locations have been input 

into HiRISE targeting software and provided to the rest 

of the MRO instruments.  

As of this writing, about half of the sites have some 

images from MRO instruments, with full coverage by 

all instruments expected by mid 2007. The locations 

have also been submitted to other orbiting imaging 

assets including Mars Global Surveyor, Mars Odyssey, 

and Mars Express. Images acquired of the landing sites 

are being posted at the following locations: Mars 

Orbiter Camera (MOC) images at 

http://www.msss.com/mars_images/moc/guest/; THEMIS 

(Thermal Emission Imaging System) images at 

http://themis.asu.edu; HiRISE and CTX images at 

http://marsoweb.nas.nasa.gov/HiRISE/hirise_images/; and 

HRSC (High Resolution Stereo Camera) images at 

ESA’s Planetary Science Archive 

ftp://psa.esac.esa.int/pub/mirror/MARS-EXPRESS/HRSC/ 

Second Landing Site Workshop: The second 

workshop is planned for October 2007 (more than a 

year after the first) to give time to acquire new image 

and spectral data. This workshop will evaluate the 

proposed sites imaged by MRO and other orbiters and 

will develop a smaller, down-selected list of landing 

sites based on science (likely including both 

morphology and mineralogy from spectra) and safety. 

Additional image acquisition by MRO (with special 

attention to stereo coverage for quantitative evaluation 

of slopes) and other orbiters will allow a more detailed 

understanding of the science potential and safety 

characteristics of these sites. The Third Landing Site 

Workshop will be held 8/08 and the Fourth Landing 

Site Workshop will be held 6/09 at which the final 

landing site and ellipse are recommended. 
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