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Abstract. Geologic and/or geomorphologic mapping is an established tool 
to communicate research results and provide an interpretation of the for-
mation and evolution of planetary surfaces and bodies. Such mapping has 
historically been conducted either under coordinated control of geologic 
agencies or by research individuals. To ensure that the number of different 
maps and GIS-based mapping projects are re-usable and accessible for fu-
ture mapping projects and research analysis, a platform is needed which 
provides not only access to maps but which also provides a common tech-
nical framework. The conceptual discussion presented here focuses on de-
velopment of such a networked communication framework and data plat-
form.  
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1. Introduction 

1.1. Background 

Planetary exploration and mapping are cumulative processes: each mission 
provides new data and new data resources for analysis and interpretation. 
Mapping of planetary bodies has been an important asset in the space-
based exploration since the 1960s. Based on these data several image maps 
(such as controlled photomosaics, shaded relief maps, topographic maps) 
and special-purpose (thematic) maps have been created and publicly re-
leased. These (secondary) maps are obtained by interpreting, abstracting 
and processing remotely-sensed data. The work we present here focusses 



on geological and/or geomorphological thematic maps, i.e. maps that pro-
vide information and interpretation results on the state and development 
of planetary solid surfaces. Maps such as these provide an abstract view on 
basic data, where generalized information has been extracted using the-
matic criteria and which have been displayed on a map. Until today, thou-
sands of maps of planetary bodies including Mars, Moon and Venus were 
produced and officially published by mapping and space agencies.  

So far, the only systematic geologic mapping program is jointly led by a 
collaborative initiative between the NASA science program (providing 
funding) and the USGS Astrogeology Science Center (providing guidance 
and coordination). The three main programs that are active today focus on 
global, regional and local mapping of the Moon (1:2.5M, e.g., Wilhelms & 
McCauley 1971), Venus (1:5M-1:10M, e.g., Chapman 1999) and Mars 
(1:200k-1:5M, e.g., Bleamaster et al. 2010). A fourth program addresses 
the Galilean satellites (e.g., Williams et al. 2011). USGS with support by 
NASA has coordinated a number of programs since the 1960s when first 
planetary probes started investigating solar-system objects. Resulting map 
data has been made publicly available and is today accessible via online 
catalogs. As of today, these USGS maps are the only resources that can be 
accessed. 

Since the 1990s, Europe has become highly active in planetary exploration 
with spacecraft contributions (Mars Express, Venus Express, Huygens 
probe, ExoMars, BepiColombo, JUICE) and employment of dedicated 
mapping instruments, such as the High Resolution Stereo Camera 
onboard Mars Express (Neukum et al. 2004, 2009; Jaumann et al. 2007). 
Along with recent and upcoming missions also to Mercury, the Outer Solar 
System moons, and asteroids, systematic mapping of surfaces has received 
new impulses due to the involvement of European scientists in interna-
tional mission collaborations, such as NASA`s Dawn mission to asteroid 
Vesta and Ceres and mapping participations. 

Since the late 1990s the scientific mapping community has started to use 
Geographic Information Systems (GIS) for planetary mapping. Today, GIS 
have become an important tool in planetary science for performing analy-
sis and thematic mapping. GIS frameworks are usually based on databases 
which represent an ideal tool for archiving and storing spatial data. Plane-
tary maps, however, have historically been stored as static image files (digi-
tal copy of the paper analog maps, e.g. as *.pdf or *.jpg) and considerable 
effort is currently invested to transfer these static files into a more accessi-
ble data format. 



1.2. Statistical overview of planetary maps with geologic and/or 
geomorphologic focus 

Several hundred maps, conducted within the geological mapping pro-
grams, are published by the USGS store and are made available via their 
digital and analog archives (USGS 2012). Another platform for distributing 
geological maps is the Lunar and Planetary Institute (LPI) (LPI 2013) 
which host a copy of this dataset. Figure 1 show a statistical overview of 
published maps and their scales.  

 

 

Apart from these officially released and peer-reviewed maps a huge num-
ber of larger-scale maps have been published in scientific journals. Here, 
these maps are termed working maps. Such maps are not collected at a 
single place but they are distributed across a large number of journals and 
publishers. Maps are usually only accessible as figure files via the publica-
tion portal. Such maps have undergone a scientific review process and rep-
resent an information abstraction of basis data, comparable to other maps 
published by the USGS. In this respect, such maps merit to should be ar-
chived in a sustainable way for subsequent investigations and dissemina-
tion.  
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Figure 1 Statistical overview of planetary maps with geologic and/or geomorphological 
focus listed on USGS (2012) and LPI (2013). Statistic also includes maps in progress. (Ab-
scissa shows the number of maps, ordinate shows the planetary body). 



To manage maps in a uniform way and at a central location it is necessary 
to create an accessible and well-designed map archive. Such a platform 
does not exist so far. By transferring geological map contents to a uniform 
storage platform using a well-designed data framework, researchers and 
users can not only efficiently search for maps but also for map-data con-
tents.  

2. Multilevel collection of existing maps and mapping 

Existing planetary maps with geological and/or geomorphological contents 
are usually stored at different locations (see 1.2). To obtain an overview of 
all maps and, more importantly, their actual contents, it is necessary to 
build a higher-level data catalog and collect required information that al-
lows searching for maps. This descriptive information, so called meta-
information, should be recorded for all entries so that a user can search for 
the map and its contents. Table 1 shows an overview of potential catalog 
entries. The keywords are based on international standards for Metadata 
such as the Planetary Data System (PDS) (PDS 2009) and Federal Geo-
graphic Data Committee (FGDC) (FGDC 1998, 2000). For a detailed dis-
cussion of option for map description and management by spatial metada-
ta see Nass et al. (2010, and references cited therein). 

In order to account for already published maps as well as working maps 
(see 1.2), we follow a stepwise approach and formulate level 1-3 of map col-
lection. These levels also reflect the chronological sequence of steps needed 
to develop a common framework.  

Level 1: Match and collect already published map sheets and map-series 
products. This includes all the maps designed and published within the 
framework of systematic mapping programs (see 1.2). 

Level 2: Integrate individual maps from peer-reviewed publications 
(e.g. journal papers, early LPI publications etc.). A large number of high-
quality maps are published within scientific publications and are hidden 
from direct search. Outside of the publication, these maps are not listed 
and are hard to spot. Although these maps were already evaluated through 
a peer review process, cartographic aspects (representation, completeness 
etc.) must still be assessed. 

 

 



Interface Label Keyword Value Domain 

Planetary Body TARGET_NAME "Vesta", "Ceres" coded value 

(extensible) 

Map Title TITLE "….." free text 

Mapper FULL_NAME "Andrea Nass" coded value 

(extensible) 

Institution INSTITUTION_NAME "German Aerospace Center" coded value 

(extensible) 

Mapping Period START_DATE 

FINISH_DATE 

2008-04-13 

2008-12-02 

--- 

Mapping 

Keyword 

KEYWORDS "geomorphology",  

"fractures" 

coded value 

(extensible) 

(Map Purpose PURPOSE "Mapping Program",  

"Publication" 

coded value 

(extensible)) 

(Map Status STATUS "Complete", "In work",  

"Planned" 

coded value) 

Map Projection  MAP_PROJECTION_TYPE "Sinusoidal Equal Area", 

"Polar stereographic" 

coded value 

(extensible) 

or/and MAP_PROJECTION_NAME "Azimuthal_Equidistant",  

"Transverse_Mercator" 

coded value 

(extensible) 

Map Scale MAP_SCALE "1:500,000" coded value 

(extensible) 

Map Boundary  

Coordinates 

MAXIMUM_LATITUDE 

MAXIMUM_LONGITUDE 

MINIMUM_LATITUDE 

MINIMUM_LONGITUDE 

5.12 

78.39 

-2.03 

94.39 

value range 

value range 

value range 

value range 

Base Data IMAGE_ID "…. (image number) ….." coded value 

(extensible) 

Additional Data ADD_DATA "yes", "no", "N/A" (default) coded value 

if "yes" >> ADD_DATA_INFO 

 

"morphometric data", 

"age determination" 

coded value 

(extensible) 

 ADD_DATA_CREATOR "Andrea Nass" coded value 

(extensible) 

Table 1 Meta information for geologic and/or geomorphologic map description  
(XXXX = PDS keyword, XXXX = FGDC keyword, XXXX = so far not standardized keyword; 
XXXX = optional fields). 

Level 3: Contact the European and Non-European institutes working on 
planetary mapping. In addition to maps collected within level 1 and level 
2, it is possible that individual institutions, engaged in geological mapping 
of planetary surfaces, have conducted mapping that has not been published 
yet. To take account of such products, these institutes should be contacted. 



Level-3 maps must also be checked under cartographical aspects. Potential 
contributors are universities and research institutes, e.g. in the US (Arizo-
na State University, Brown University and many other locations), in Ger-
many (German Aerospace Center (DLR), Planetary Sciences Group at FU 
Berlin, University of Münster), Italy (International Research School of 
Planetary Sciences (IRSPS), Pescara, Italy); the Netherlands (TU 
Delft/ESTEC), or, e.g., Moscow State University of Geodesy and Cartog-
raphy, MIIGGAiK and many other places. 

3. Access to digital, GIS-based mapping projects 

Current developments of planetary mapping techniques involve the sys-
tematic use of GIS technology. Each mapping is based on a spatial data 
structure and therefore, maps do not represent static map sheets. Rather, it 
is defined as dynamic object-based data organized within the different data 
tables. This consequently means that not only meta-information has to be 
maintained in a uniform way but also geometry and semantic object infor-
mation. As there are very few efforts to use object-oriented spatial data-
bases for archiving map results so far the first step here is to describe the 
resulting map data structurally, visually and textually. For this purpose, a 
predefined data model which arranges every particular object by its generic 
properties provides an optimum solution. If such a data model is used, 
mapping data can be uniformly stored and accessed (van Gasselt & Nass 
2011, 2013, and references cited therein).  

Beside the data model for the organization of geological mapping results a 
guidance of the mapper is needed. This is due to the fact that many map-
pers involved in planetary mapping have limited basic knowledge of carto-
graphic visualization. Geologic mappers are usually researchers with a core 
expertise in different field, such as geology or physical geography. In order 
to ensure that the map results are homogeneous, supporting cartographic 
representation rules are needed (Nass & van Gasselt 2013, and references 
cited therein). 

4. Conclusions and Outlook 

In order to provide wide and easy access to planetary geologic map data 
products, it seems feasible to organize and distribute such data from a cen-
tral data repository allowing to conveniently searching for data products. 
An iterative procedure for map-data collection as presented here provides 
a usable concept to build such a centralized access. In order to establish a 



map collection as complete as possible, an extension of level 3 in non-US 
and non-European direction is required and cross-links to generic plane-
tary map archives can also be established (see, e.g. International Planetary 
Cartography Database, Hargitai 2009).  

Furthermore, this work can also be linked to support initiatives working on 
sharing and collecting planetary data in general, e.g. the European Re-
search Infrastructure for Planetary Science (Europlanet, 2013). 
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