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ABSTRACT 

 

Human exploration missions to the surface of Mars have been a topic of interest 

for scientists around the world and determining landing sites for missions such as these 

is key. A landing site must meet certain requirements including: a large enough area 

and a smooth surface for a safe landing, the potential for scientific exploration, the 

presence of resources capable of sustaining a manned mission, etc. In this study, five 

areas located in different regions of Valles Marineris were analyzed using the 

aforementioned criteria. These areas were chosen based on data from related literature 

that shows locations where hydrated sulfates were detected. For each of the five areas, 

DTMs were found on the HiRISE database and GIS tools were used to measure the 

area and roughness of flat surfaces and create slope, aspect, and hillshade maps. From 

these maps, suitability maps were created showing the most ideal landing sites for each 

area. Based on the statistics of each map, Eos Chasma and Candor Chasma seem to 

be the most ideal candidate site due to the greater number of suitable landing sites 

determined by the criteria mentioned above. 
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ETHICS STATEMENT 

 

Many ethical challenges exist in the world that a GIS professional must overcome 

in order to meet the obligations that they have to other professionals and to the public. 

GIS products created should be made readily available to the public and should not be 

deceptive in any way. The GIS community should strive to keep information open to 

others for the benefit of exchanging thoughts and ideas that can be built upon. Although 

there is already a lot of information available to the public, some of it may be incorrect or 

presented in a dishonest way. In order to make sure the data is being used the way it 

was intended to be, it should not be manipulated, and sources should be cited in order 

to allow readers the opportunity to look into their origins. Any products using this open-

source data should remain open to others to access and potentially replicate to answer 

related scientific inquiries. 

In this project, many of the datasets used came from sources within the planetary 

science community. GIS professionals and users in scientific communities such as this 

face ethical issues including but not limited to the ones mentioned above. Data being 

readily available to the public is crucial within the planetary science community. It can 

sometimes be difficult to find already available datasets for other planets, therefore 

documenting the datasets used in maps and papers is helpful to other scientists looking 

to expand the ideas presented in them. In this paper, all datasets are cited and the 

methods that utilize the data are documented so others may replicate any of the 

processes that follow. In order to maintain the integrity of the conclusions made in this 

paper, the products created do not include any warped information as to refrain from 

purposefully misleading the readers to fit a desired outcome. 
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CHAPTER 1 
INTRODUCTION 

 
Determining landing sites for future manned and unmanned missions to Mars 

has become increasingly important as technology advances. There are many areas 

around the planet at which spacecrafts have already landed, but there are also regions 

that have yet to be explored. The Viking program sent two landers to Mars to search for 

signs of life and study the atmosphere and surface: Viking 1 landed in Chryse Planitia 

and Viking 2 landed in Utopia Planitia (Snyder and Evans, 1981). The Mars Pathfinder 

mission sent a lander also named the Mars Pathfinder and a rover named Sojourner to 

Ares Vallis, demonstrating the ability to send scientific instruments to the surface of 

another planet in a cost-effective way (Golombek et al., 1999). The Mars Exploration 

Rover mission sent two rovers, Spirt and Opportunity, to Gusev Crater and Meridiani 

Planum respectively. Their goal was to study the soil, specifically looking for signs of 

liquid water that may have once been present on Mars (Herkenhoff et al., 2008). The 

Phoenix mission, which aimed to study the soil and determine habitability of a polar 

region, sent a lander to the Green Valley of Vastitas Borealis (Smith et al., 2008). The 

Mars Science Laboratory sent a rover named Curiosity, which is still currently 

operational, to Gale Crater to study its habitability and potential for sustaining a human 

mission to the planet (Vasavada et al., 2014). The InSight mission sent a lander also 

called InSight of which is still currently operational to Elysium Planitia with the purpose 

of studying the planet’s interior structure (Knapmeyer-Endrun and Kawamura, 2020). 

The Tianwen-1 mission sent both a lander also known as Tianwen-1 and a rover known 

as Zhurong to Utopia Planitia to study the characteristics of the soil and the climate 

(Zhao et al., 2021). Lastly, the Mars 2020 mission sent both a rover named 
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Perseverance and a helicopter named Ingenuity that are both still operational to Jezero 

Crater to analyze potential signs of ancient life and potentially return samples to Earth 

(Farley et al., 2020). In order to determine which areas to explore next, certain criteria 

have to be taken into consideration. This can vary based on the purpose of the mission, 

but some of the basic criteria include whether or not there is a large enough area and a 

smooth surface for a safe landing, the potential for scientific exploration, the presence of 

resources capable of sustaining a manned mission, etc. (Bussey and Hoffman, 2016).   

 
Hydrated Sulfates 

Sediment rich in hydrated sulfates and other hydrous minerals is thought to have 

been forming over long periods of time in areas on Mars that have a history of aqueous 

processes. Hydrated sulfates found in this soil may have formed through chemical 

weathering that allows them to precipitate out after the aqueous oxidation of sulfides 

(Bishop et al., 2005). Minerals such as these can present themselves as light-toned 

deposits that can be observed through images taken by instruments such as HiRISE 

(High Resolution Imaging Science Experiment) that is onboard the Mars 

Reconnaissance Orbiter (Thomas, McEwen and Dundas, 2020). They can also be 

discovered when interpreting spectral data collected from instruments such as the ones 

on the Mars Exploration Rovers (Bishop et al., 2005). Through different methods such 

as these, it has been found that sulfate-rich sediment is present in many areas on Mars.  

Trapped within this sediment is water that can be extracted and utilized, a 

process that has been done with sediment here on Earth (Clarke et al., 2008). The 

presence of water trapped in these sediments is interesting to study, as that water can 

be utilized in human missions to the planet (Meyer and McKay, 1989). The location of 
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hydrous minerals and extraction of the water trapped within them is crucial when 

discussing potential landing sites for missions that will have humans present. 

 

Valles Marineris 

In addition to sulfate-rich sediment, the other criteria mentioned previously were 

also taken into consideration when narrowing down potential landing sites to a specific 

region of Mars. In the article titled “Hydrous minerals on Mars as seen by the CRISM 

and OMEGA imaging spectrometers: Updated global view” by Carter et al. (2013), 

spectral data collected from multiple imaging spectrometers was compiled into a 

comprehensive dataset that could be analyzed using software such as ArcGIS Pro, 

which will be discussed more in depth in the Methods chapter. Based on the distribution 

of areas where hydrous minerals were detected, there were four regions with significant 

hydrous mineral exposures where the search could have been narrowed. This included 

Valles Marineris, Sinus Meridiani, Nili Fossae and a region of gypsum dune deposits 

further north towards the pole.  

Of these four, Valles Marineris was chosen as the region of interest due to the 

presence of steep slopes, high concentrations of hydrous minerals (Chojnacki and 

Hynek, 2008), as well as relatively smooth terrain ideal for landing rovers and/or landers 

(Witbeck et al., 1991). Valles Marineris initially started out as a crack in the surface that 

formed as the planet cooled, and over time the canyon widened by erosional forces 

(Yin, 2012). In the past, water could have aided in this erosion (Lucchitta, 1987). This is 

an interesting idea, as this water is thought to have contributed to the formation of 

hydrated sulfates. Missions to Valles Marineris have not yet been carried out, but as 
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technology changes determining landing sites for future missions will become 

increasingly important. 

 

Goals and Objectives 

This project will provide an analysis of locations with sulfate-rich sediment on 

mars using spectral data. Combining these areas with digital elevation models (DEMs) 

and other desired criteria for manned missions to mars (scientific significance of the 

landing site, terrain, etc.), future human exploration zones can then be determined, or at 

the least discussed. In this study, a canyon known as Valles Marineris was chosen to be 

the area of focus. Five areas within the canyon were analyzed to determine whether 

they contain suitable landing sites. The criteria mentioned above are taken into 

consideration when analyzing these areas, specifically focusing on whether or not there 

will be surface processes that can be studied and hydrated sulfates that water can be 

extracted from. 
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CHAPTER 2 
METHODOLOGY 

 
Introduction 

 
Study Area 

For the purposes of this study, a specific area on Mars known as Valles Marineris 

was chosen as the study area. Valles Marineris is a canyon system that scientists 

believe may have formed as a tectonic crack in the crust as the planet cooled. Over 

time, it has been widened through different erosional processes, some of which involve 

water. This makes Valles Marineris an ideal study area due to the higher potential for 

hydrated sulfates. The data used in creating this area of study is detailed below in Table 

2-1 as well as in Figure 2-1. 

Table 2-1. Metadata for hillshade base map of Mars 
Name Geologic Map of Mars – MOLA_Hillshade_Robinson 
Year of 
Publication 

2014 

Author Tanaka, K.L., Skinner, J.A., Jr., Dohm, J.M., Irwin, R.P., III, Kolb, 
E.J., Fortezzo, C.M., Platz, T., Michael, G.G., and Hare, T.M. 

URL https://dx.doi.org/10.3133/sim3292 
Description Geologic map of Mars, including geologic units, names of 

features, and hillshade (used in this study) 
Coordinate 
System 

GCS_Mars_2000_Sphere  

Projection 
System 

Robinson_clon0_Mars_2000_Sphere 

Spatial 
Resolution 

0.0001 Degree 

Type of 
Geometry 

N/A 
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Figure 2-1. Hillshade Base Map of Valles Marineris. The smaller image in the top left 

corner shows the location of Valles Marineris in relation to Mars. 

 
Determining Potential Landing Sites 

Five potential landing sites were chosen using the hydrous mineral sites layer 

which was clipped down to only include those in Valles Marineris. The data for this layer 

and the corresponding map are shown in Table 2-2 and Figure 2-2. From these points, 

the Find Point Clusters tool (documented at https://pro.arcgis.com/en/pro-

app/latest/tool-reference/big-data-analytics/find-point-clusters.htm) was used to 

determine which areas have more than 5 observed hydrous mineral sites in a 200 km 

search area. These values were chosen based on the distribution of sites in the original 

https://pro.arcgis.com/en/pro-app/latest/tool-reference/big-data-analytics/find-point-clusters.htm
https://pro.arcgis.com/en/pro-app/latest/tool-reference/big-data-analytics/find-point-clusters.htm
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map. Points were spaced so far apart that a larger search radius had to be applied, and 

a minimum value of 5 sites was chosen due to the lack of clusters with a significant 

number of datapoints. After extracting these clusters, a site was chosen from each 

based on available DTMs on the HiRISE database. 

Table 2-2. Metadata for location of hydrous minerals on Mars 
Name Global map of hydrous mineral detections on Mars 
Year of 
Publication 

2013 

Author J. Carter, F. Poulet, J.-P. Bibring, N. Mangold, S. Murchie 
URL https://doi-

org.ezproxy3.library.arizona.edu/10.1029/2012JE004145 
Description Locations of hydrous minerals on Mars 
Coordinate 
System 

GCS_Mars_2000_Sphere  

Projection 
System 

N/A 

Spatial 
Resolution 

0.0000000000000888178419700125 Degree 

Type of 
Geometry 

Point 
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Figure 2-2. Hydrous Mineral Sites located in Valles Marineris. 

 
Analysis 

DTM Data 

 Each DTM was analyzed using different ArcGIS tools. A slope map, aspect map, 

and hillshade map were created as well as a terrain roughness map. Slope maps are 

significant in that they will show whether there is a presence of steep slopes that may 

have geological process that can be studied. Aspect maps will show the direction that 

these slopes are facing, which will allow one to determine which slopes are receiving 

the most insolation at any given time and as a result may have a greater presence of 

geological processes. Hillshade maps, which also help to visualize the topography of an 
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area, can allow one to analyze directions of solar rays and the presence of mass-

wasting features that have already occurred. Lastly, terrain roughness maps help to 

show which areas may have flat enough surfaces for a manned mission to land a 

spacecraft safely. The values for the this type of map were calculated using the focal 

statistics tool, which determines the statistics of a neighborhood of cells in a raster that 

surround a specified cell (documented at https://pro.arcgis.com/en/pro-app/latest/tool-

reference/spatial-analyst/focal-statistics.htm). Minimum, maximum, and mean variance 

values were extracted within a 20x20 window. In order to find the terrain roughness, the 

raster calculator tool was used (documented at https://pro.arcgis.com/en/pro-

app/2.8/tool-reference/spatial-analyst/raster-calculator.htm). The minimum variance was 

subtracted from the mean variance, and then divided by the difference between 

maximum and minimum variance.  

In addition to these maps, suitability maps were also created. This was done by 

reclassifying the values within the datasets using the reclassify tool with a ranking 

system from 1 – 5 (documented at https://pro.arcgis.com/en/pro-app/2.8/tool-

reference/spatial-analyst/reclassify.htm). The reclassification of these datasets were as 

follows: the hillshade data was reclassified using an equal interval classification, with 

greater values being ranked higher; the surface roughness data was reclassified using 

the same classification with lower surface roughness values being ranked higher; the 

slope data was reclassified in two ways, one for steep slopes with higher values being 

ranked higher and one for shallow slopes with lower values being ranked higher; and 

lastly the aspect data was reclassified using a custom classification where south, 

southwest, and southeast values were ranked higher. After reclassifying each of these 

https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-analyst/focal-statistics.htm
https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-analyst/focal-statistics.htm
https://pro.arcgis.com/en/pro-app/2.8/tool-reference/spatial-analyst/raster-calculator.htm
https://pro.arcgis.com/en/pro-app/2.8/tool-reference/spatial-analyst/raster-calculator.htm
https://pro.arcgis.com/en/pro-app/2.8/tool-reference/spatial-analyst/reclassify.htm
https://pro.arcgis.com/en/pro-app/2.8/tool-reference/spatial-analyst/reclassify.htm
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datasets, the weighted sum tool (documented at https://pro.arcgis.com/en/pro-

app/latest/tool-reference/spatial-analyst/weighted-sum.htm) was used to sum together 

combinations of datasets in order to create two separate suitability maps: one for 

landing sites and one for scientific exploration. The maps for landing sites combined 

data from the hillshade, surface roughness, and slope maps in order to find flat, smooth 

areas safe for landing spacecraft that will also provide more direct sunlight for solar 

panels. The maps for sites with greater potentials for scientific exploration combined 

data from the hillshade, aspect, and slope maps in order to find areas with steep slopes 

that face south and receive more direct sunlight. The areas with greater sums represent 

the sites that are most suitable. The data for each of these DTM’s as well as the 

corresponding maps are detailed below.  

One of the first sites chosen to analyze was an area located in Ganges Chasma, 

with coordinates 8.41°S and 313.3°E. This area had the presence of hydrated sulfates 

as well as steep slopes with the potential for mass-wasting processes that could be 

studied further. The data used to analyze this area and the corresponding map are 

shown below in Table 2-3 and Figure 2-3. 

Table 2-3. Metadata for DTM in Ganges Chasma 
Name Slopes of Layered Deposits – 

DTEEC_048372_1715_040078_1715_A01 
Year of 
Publication 

2014 

Author University of Arizona - Lunar and Planetary Laboratory - HiRISE 
URL https://www.uahirise.org/dtm/dtm.php?ID=ESP_048372_1715 
Description Digital terrain model of area in Ganges Chasma showing layered 

deposits 
Coordinate 
System 

GCS_MARS  

Projection 
System 

EQUIRECTANGULAR_MARS 

https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-analyst/weighted-sum.htm
https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-analyst/weighted-sum.htm
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Spatial 
Resolution 

1.0 m/px 

Type of 
Geometry 

N/A 

 

 
Figure 2-3. DTM located in Ganges Chasma. 

 
The second area chosen is located in Eos Chasma, with coordinates 15.5°S and 

309.5°E. This DTM has steep slopes being monitored for mass-wasting processes and 

has light-toned deposits that could be sulfate-rich. The data and corresponding map are 

shown below in Table 2-4 and Figure 2-4. 

 
Table 2-4. Metadata for DTM in Eos Chasma 
Name Monitor Slopes in Eos Chasma – 

DTEEC_039788_1645_039854_1645_A01 
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Year of 
Publication 

2016 

Author University of Arizona - Lunar and Planetary Laboratory - HiRISE 
URL https://www.uahirise.org/dtm/dtm.php?ID=ESP_039788_1645 
Description Digital terrain model of area in Eos Chasma showing steep slopes 
Coordinate 
System 

GCS_MARS  

Projection 
System 

EQUIRECTANGULAR_MARS 

Spatial 
Resolution 

1.0 m/px 

Type of 
Geometry 

N/A 

 

 
Figure 2-4. DTM located in Eos Chasma. 

 
The third site chosen to analyze was located in Melas Chasma, with coordinates 

11.5°S and 290.5°E. This area has the presence of pitted cones, which scientists 
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believe may form from the interaction of lava and water. These features would be of 

interest to scientists due to the uncertainty of their origin. The data and corresponding 

map are shown below in Table 2-5 and Figure 2-5. 

 
Table 2-5. Metadata for DTM in Melas Chasma 
Name Pitted Cones in Melas Chasma – 

DTEEC_043850_1685_043916_1685_A01 
Year of 
Publication 

2016 

Author University of Arizona - Lunar and Planetary Laboratory - HiRISE 
URL https://www.uahirise.org/dtm/dtm.php?ID=ESP_043850_1685 
Description Digital terrain model of area in Melas Chasma showing features 

known as pitted cones 
Coordinate 
System 

GCS_MARS  

Projection 
System 

EQUIRECTANGULAR_MARS 

Spatial 
Resolution 

1.0 m/px 

Type of 
Geometry 

N/A 
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Figure 2-5. DTM located in Melas Chasma. 

 
Another site chosen is located in a basin in Melas Chasma, with coordinates 

9.93°S and 283.8°E. This site has a possible submarine fan that shows a potential 

history of formation involving an aqueous environment. This increases the chance of 

finding hydrated sulfates in the sediment. The data and corresponding map are shown 

below in Table 2-6 and Figure 2-6. 

 
Table 2-6. Metadata for DTM in Melas Chasma Basin 
Name Possible Submarine Fan in Eastern Portion of Small Melas 

Chasma Basin – DTEEC_007377_1700_008379_1700_U01 
Year of 
Publication 

2016 

Author USGS Astrogeology - HiRISE 
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URL https://www.uahirise.org/dtm/dtm.php?ID=PSP_007377_1700 
Description Digital terrain model of area in Melas Chasma basin showing 

feature known as a submarine fan 
Coordinate 
System 

GCS_MARS  

Projection 
System 

EQUIRECTANGULAR_MARS 

Spatial 
Resolution 

1.0 m/px 

Type of 
Geometry 

N/A 

 

 
Figure 2-6. DTM located in Melas Chasma Basin. 

 
The last site chosen to analyze is located in Candor Chasma, with the 

coordinates 6.68°S and 284.2°E. This site has layered deposits that may have the 
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presence of light-toned sulfate-rich sediments. The data and corresponding map are 

shown below in Table 2-7 and Figure 2-7. 

 
Table 2-7. Metadata for DTM in Candor Chasma 
Name Faulting within the Layered Deposits in Candor Chasma – 

DTEEC_002063_1735_001641_1735_U01 
Year of 
Publication 

2016 

Author USGS Astrogeology - HiRISE 
URL https://www.uahirise.org/dtm/dtm.php?ID=PSP_002063_1735 
Description Digital terrain model of area in Candor Chasma showing faulting 

within layered deposits 
Coordinate 
System 

GCS_MARS  

Projection 
System 

EQUIRECTANGULAR_MARS 

Spatial 
Resolution 

1.0 m/px 

Type of 
Geometry 

N/A 

 



 

26 

 
Figure 2-7. DTM located in Candor Chasma. 

 
Methodology 

Maps created using spectral data from instruments found on Mars orbiters were 

analyzed in order to narrow down areas where exposed hydrous sulfates have been 

observed. From these areas, digital terrain models (DTMs) were overlayed and studied. 

Maps of the slope, hillshade, aspect, and terrain roughness of these areas were created 

in order to determine which have relatively smooth morphology and potentially have 

geological features/processes that can be studied, such as the formation of dunes or 

gullies on steep slopes. The data from these maps was then reclassified based on 

preference of values. These reclassified datasets were used to create suitability maps 



 

27 

showing areas that are most ideal for landing as well as scientific exploration. A 

flowchart of this methodology, including the ArcGIS tools utilized, is shown below in 

Figure 2-8. 

 

Figure 2-8. Methodology flowchart that details the different steps taken in analyzing the 
data used in this project. The analyses branching off of the “DTM” were 
performed multiple times on each DTM used.  
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RESULTS 

 
Preliminary Sites 

Before any analysis began, five areas as well as DTMs within those areas had to 

be chosen. As mentioned in the Methodology section, this was done by determining 

where clusters of detected hydrous mineral sites were located, and then searching for 

available DTMs on HiRISE near those sites. A map of the clusters of hydrous mineral 

sites is shown in Figure 2-9 below. Each cluster is labeled with the corresponding name 

of the region that they are located in. 

 
Figure 2-9. Hydrous mineral site clusters map. Five DTMs were chosen based on the 

locations of these clusters of points. Each color represents a different location 
within Valles Marineris. 
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DTM Analysis Results 

After finding five DTMs in the areas shown in the map above, each was analyzed 

using the different methods explained in the Methodology section. Slope, aspect, 

hillshade, and surface roughness maps were created using each DTM. Charts depicting 

the data of each map were then analyzed in order to extract desired values. Table 2-8 

below summarizes the values found from the different analyses.  

Table 2-8. Values obtained from the different analyses performed on each DTM 
Name of DTM with 

Location 
Hydrous 
Mineral 
Sites 

Mean 
Hillshade 

Value 

Mean 
Slope 

Value in 
Degrees 

Aspect 
Values with 

Greatest 
Count 

Mean 
Surface 

Roughness 

ESP_048372_1715 
Ganges Chasma 

5 159.26606 22.44184 319.9 – 360 
North-Facing 

0.49188 

ESP_039788_1645 
Eos Chasma 

6 291.87015 30.51507 320 – 360 
North-Facing 

0.49956 

ESP_043850_1685 
Melas Chasma 

13 177.67866 6.64856 199.6 – 239.7 
Southwest-

Facing 

0.49018 

PSP_007377_1700 
Melas Chasma 

Basin 

15 195.24824 13.00757 319.9 – 360 
North-Facing 

0.49856 

PSP_002063_1735 
Candor Chasma 

15 165.61565 12.72497 160 – 200 
South-Facing 

0.48934 

 

The column labeled Hydrous Mineral Sites records the number of sites where 

hydrous minerals were detected, showing which area has a greater potential for the 

presence of sulfate-rich sediment. The mean hillshade value ranges from 0 – 255, 0 

being when a cell is in total darkness and 255 being when a cell is fully illuminated by 

the sun and can show areas that have the greatest potential for sunlight that can power 

solar panels on spacecraft. The mean slope value ranges from 0 – 90 degrees, showing 

which area has a greater presence of steep slopes that have the potential for mass-
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wasting processes to occur. The aspect values column shows the direction that most of 

each area’s slopes face. Each range of values from 0 – 360 represents a different 

direction, which have been included under the value range in the table. Lastly, the mean 

surface roughness values range from 0 – 1, with 0 representing a relatively smooth 

surface and 1 representing a rougher surface. This column shows which areas have 

surfaces that are less rough than others and could potentially sustain the safe landing of 

a spacecraft.  

Based on Table 2-8 above, each of the five sites meets different criteria in some 

way. This was determined by setting ideal ranges for the criteria. An ideal range for the 

aspect of an area would be any south-facing slope (157.5 – 202.5) that receives more 

sunlight due to the tilt of Mars on its axis (Dickson and Head, 2007). For the slope of an 

area, steeper slopes (35° or greater) were chosen in order to have greater potential for 

mass wasting (McEwen et al., 2007). The range set as most ideal in this study was 204 

– 255 (created from five equal intervals to split up 0 – 255) due to the greater amount of 

sunlight when the hillshade value is greater (Burrough and McDonnel, 1998). Lastly, the 

ideal range for roughness was 0 – 0.20 (created from five equal intervals from 0 – 1) 

due to a lower value representing smoother surfaces which would be more suitable for a 

spacecraft to land (Bussey and Hoffman, 2016; Toups et al., 2016). 

After creating the hillshade, slope, aspect, and surface roughness maps, they 

were used for the suitability maps, which are shown below. A suitability map was 

created based on both landing criteria and scientific exploration criteria. These maps 

are shown below. The first figure, Figure 2-10, shows two suitability maps for Ganges 

Chasma. One shows suitable landing sites, and one shows suitable sites for scientific 
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exploration. Ganges Chasma has both steep south-facing slopes and large, flat areas 

suitable for landing spacecraft and studying mass wasting processes. 
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Figure 2-10. Ganges Chasma suitability maps. The map on the left shows the suitable 
sites for scientific exploration. The map on the right shows suitable sites for 
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landing. Dark green shows higher values that represent more suitable 
locations, whereas dark red shows lower values that represent less suitable 
locations. 

It can be seen that the west side of this area located within Ganges Chasma is 

the most suitable for both scientific exploration and spacecraft landing, specifically near 

west side of the central mound. There may be alluvial fans that are flat enough and 

smooth enough for a safe landing, as well as steep slopes located nearby for 

exploration. Although these slopes are west facing, a landing site on the southwest 

corner of the central mound could still allow rovers or scientists to travel a short distance 

to south-facing slopes to observe any active geologic processes that may be occurring. 

Figure 2-11 below shows two suitability maps for Eos Chasma. One showing 

suitable landing sites and one showing suitable sites for scientific exploration. Eos 

Chasma has both steep slopes (though not many are south-facing) and smooth 

surfaces, ideal for landing spacecraft and studying the landscape. 
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Figure 2-11. Eos Chasma suitability maps. The map on the left shows the suitable sites 
for scientific exploration. The map on the right shows suitable sites for 
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landing. Dark green shows higher values that represent more suitable 
locations, whereas dark red shows lower values that represent less suitable 
locations. 

It can be seen that there are many suitable sites when comparing the scientific 

exploration suitability map with the landing suitability map. The southern, central portion 

of Eos Chasma seems to be most suitable for exploration due to the greater number of 

suitable values shaded in green. There are steep slopes that have a higher potential for 

active geologic processes, and these slopes fan out to a flatter, smoother surface that 

may be able to sustain landing a spacecraft. 

Figure 2-12 shows two suitability maps for Melas Chasma. One shows suitable 

landing sites for spacecraft and one shows suitable sites for scientific exploration. Melas 

Chasma, along with the two previous areas, has smooth surfaces, but does not have as 

many south-facing steep slopes that can be studied for geological processes.  
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 Figure 2-12. Melas Chasma suitability maps. The map on the left shows the suitable 
sites for scientific exploration. The map on the right shows suitable sites for 
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landing. Dark green shows higher values that represent more suitable 
locations, whereas dark red shows lower values that represent less suitable 
locations. 

 Recalling that exploration suitability maps are based on steep slopes that are 

south-facing and receive more sunlight, one can reason that this area of Melas Chasma 

is relatively flat and therefore not very suitable. Although this makes it difficult to 

determine a suitable landing site taking into consideration both maps, it can be seen 

that there is a small area on the eastern side that could be suitable. 

Figure 2-13 shows two suitability maps for Melas Chasma Basin. One shows 

suitable landing sites and another shows suitable sites for scientific exploration. This 

area has some steep south-facing slopes and smooth surfaces for an exploration 

mission, but not as many as previous areas such as Ganges Chasma.  
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Figure 2-13. Melas Chasma Basin suitability maps. The map on the left shows the 
suitable sites for scientific exploration. The map on the right shows suitable 
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sites for landing. Dark green shows higher values that represent more 
suitable locations, whereas dark red shows lower values that represent less 
suitable locations. 

 
 The Melas Chasma basin is similar to Melas Chasma, in that it is not very 

suitable when determining whether an area has any scientific significance. This is due 

to the lack of steep, south-facing slopes. There are a few areas that could be suitable 

for landing and scientific exploration. One is towards the central part of the basin, where 

it seems as though there is a channel cutting through. This area seems to be flat and 

smooth enough, with steep slopes on either side where geologic processes can be 

studied. The other area is towards the northeast corner of the area, which is shaded in 

green on both suitability maps. This has a southwest facing slope that flattens out at the 

bottom and could sustain the landing of a spacecraft. 

Figure 2-14 shows two suitability maps for Candor Chasma. One shows suitable 

landing sites and another shows suitable sites for scientific exploration. Candor Chasma 

has a significant amount of steep slopes facing south that can be studied for geological 

processes. It also has some smooth, flat surfaces for landing.  
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Figure 2-14. Candor Chasma suitability maps. The map on the left shows the suitable 
sites for scientific exploration. The map on the right shows suitable sites for 
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landing. Dark green shows higher values that represent more suitable 
locations, whereas dark red shows lower values that represent less suitable 
locations. 

The northern portion of this area located in Candor Chasma shows higher 

suitability in both maps. This could be due to the greater number of steep, south-facing 

slopes throughout the area, as well as the flatter, lower-lying areas at the base of those 

steep slopes. These areas could allow for a safe landing of spacecraft near steep 

slopes that have greater insolation and potentially more geological processes. 

 
Assumptions and Limitations 

One assumption made in this study is that hydrated sulfates will be present at the 

5 sites that were chosen and analyzed. Although hydrous minerals were detected within 

the regions that house these sites, that does not necessarily mean that hydrated 

sulfates will be present or that water will be able to be extracted from the sediment. 

Another assumption was the criteria used in the creation of the suitability maps. The 

suitable landing sites map was created combining data from the slope map (favoring 

shallow values), surface roughness map, and hillshade map. The suitable sites for 

scientific exploration maps were created combing data from the slope map (favoring 

steep values), aspect map, and hillshade map. These suitability maps exclude other 

criteria, and do not add more or less weight to any of the values. 

A significant limitation of this study is the ability to determine whether or not the 

spacecraft will be able to land on the flat areas shown within the suitability maps. 

Spacecraft currently require a large area to land within, and there may not be an area 

large enough at the 5 sites that were analyzed. It is thought that over time, technology 

will advance to the point where spacecraft will be able to land on increasingly smaller 
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areas, and a manned mission to Valles Marineris may be possible. Another limitation is 

the availability of DTM’s over the large area that was being observed. It would have 

been better to use a DTM of the entirety of Valles Marineris, but there was a lack of data 

available for this, as well as an issue with processing that data through ArcGIS. 

Therefore, smaller DTM’s found near areas where hydrous minerals were detected was 

the method of choice. This limited the ability to “search” for ideal areas within a certain 

radius surrounding hydrous mineral sites. 
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CONCLUSION  

 

This research paper has aimed to analyze areas within Valles Marineris and 

determine which could sustain a manned exploration mission to Mars using criteria such 

as the presence of hydrous minerals, smooth surfaces for landing spacecraft, and 

scientifically significant areas. This was accomplished by first determining which regions 

in Valles Marineris have the greatest number of detected hydrous mineral sites. DTM’s 

within each of those areas were then found on the HiRISE database and analyzed using 

ArcGIS software. Hillshade, slope, aspect, and surface roughness maps were created 

using each DTM. Two suitability maps were created from these other maps, one 

showing suitable landing sites, and the other showing areas most suitable for scientific 

exploration. 

After analyzing the statistics of each map as well as suitability maps, certain 

conclusions could be made. It was found that Melas Chasma Basin and Candor 

Chasma have the most hydrous mineral sites, making them ideal candidates due to the 

higher likelihood that they will have hydrated sulfates in which water can be extracted 

from. When it comes to areas with the potential to have greater insolation, Eos Chasma 

may be the best choice. More cells were illuminated by the sun, giving a spacecraft’s 

solar panels a higher chance of receiving more hours of sunlight. Eos Chasma also has 

a greater number of steep slopes. It is thought that these mass-wasting processes are 

more likely to occur on south-facing slopes due to the tilt of the planet causing it to be 

pointed towards the sun at specific times throughout the year, therefore Melas Chasma 

and Candor Chasma are better candidates due to the high number of south-facing 

slopes (Chojnacki et al., 2016). The last analysis performed on the DTMs was surface 



 

44 

roughness, and it was determined that Candor Chasma would be an overall better 

candidate due to its lower mean surface roughness value. After observing suitability 

maps created from the previous maps mentioned, Candor Chasma and Eos Chasma 

also seem to have a greater number of suitable sites averaged between the suitable 

landing sites and suitable sites for scientific exploration. 

Given more time with this project, it would be helpful to obtain additional DTM’s 

that can also be analyzed in areas within Valles Marineris. With more data, additional 

suitability maps can be made, allowing for a more extensive list of candidate landing 

sites. In addition to expanding the number of DTM’s, it would also be helpful to use the 

surface roughness data in conjunction with the slope data to measure the areas of flat, 

smooth surfaces in which a spacecraft could land safely. This would allow scientists to 

narrow down the list of candidate sites even further based on the size of the landing 

site. 

Although technology is advancing within the planetary science realm regarding 

rovers, landers, and orbiters and the information that they are able to acquire, there are 

still limits to what technologies such as this can achieve. Manned missions to the red 

planet are becoming inevitable, as humans can obtain and interpret much more 

information from direct contact with the landscape than from observing photos, spectral 

data, etc. from afar. Determining areas on Mars that can sustain missions such as these 

are key to the advancement of planetary research.  
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