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Abstract. Archives of published planetary maps hosted at the United 
States Geological Survey or other facilities consist of a large number of 
small to large-scale geologic maps of terrestrial planets, in particular the 
Moon and Mars. Along with recent and upcoming missions also to Mercury, 
the Outer Solar System moons, and asteroids systematic mapping of surfac-
es has received new impulses. As planetary geologic mapping today is per-
formed by individual scientists not only in the US but also in Europe with 
dedicates mission programs and participations (ESA Mars Express, ESA 
JUICE, …) a general framework of mapping and in particular for organizing 
cartographic output is paramount. This work presented here provides a 
general overview of cartographic and data requirements in the context of 
collaborative mapping programs and establishes an innovative data frame-
work that allows data integration, management and access in order to sup-
port communication of scientific results across disciplines and the public. 
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1. Introduction and Background 
Image- and special-purpose (thematic) maps form an essential element of 
planetary exploration as cartographic products provide coherently distilled 
and targeted pieces of information and a basis for knowledge extraction 
from a large amount of obtained data in the course of a mission lifetime. In 
order to achieve such a goal, maps and cartographic communication tools, 
such as colors and symbols need to be well-defined, i.e. standardized. 

Planetary geologic maps have been receiving particular interest for laymen 
as well as for researchers from different disciplines due to their esthetically 
pleasing appearance and their detailed level of geoscientific information 



and complexity. Such maps represent highly condensed information with a 
high potential of deriving new knowledge based on the cartographic repre-
sentation of a unit’s distribution, its compositional attributes, its inherent 
temporal context, and the possibilities to geometrically reconstruct three- 
dimensional bodies from a two-dimensional sheet of paper. In combination, 
well-designed geologic maps provide means to reconstruct the four- di-
mensional history of a surface. 

Currently agency-financed and survey-coordinated mapping programs are 
only substantiated within the US under the auspices of NASA’s Planetary 
Cartography and Geologic Mapping Working Group (PCGMWG) funded 
through the Planetary Geology and Geophysics Program. Recent mapping 
endeavors coordinated by the United States Geological Survey (USGS) 
include local to regional mapping of Mars (1:200k-1:5M, e.g., Bleamaster 
et al., 2010), Venus (1:5M-1:10M, e.g., Chapman, 1999), Moon (1:2.5M, 
e.g., Wilhelms & McCauley, 1971), and the Galilean satellites (e.g., Wil-
liams et al., 2011;), and new proposals are being designed for mapping of 
Mercury based on recent data from, e.g. NASA’s Messenger. Until today, 
the USGS stored in the digital and analog archives several hundred pub-
lished maps (USGS, 2012).  

Europe has not yet succeeded to establish a planetary geologic mapping 
program despite several attempts via the European Commission (Frame- 
work 7) and/or supported by national geological surveys and the European 
Space Agency. Since the 1990s, Europe has become active in planetary ex-
ploration within spacecraft contributions (Mars Express, Venus Express, 
Huygens probe, ExoMars, BepiColombo, JUICE) and employment of dedi-
cated mapping instruments, such as the High Resolution Stereo Camera 
onboard Mars Express (Neukum et al., 2004, 2009; Jaumann et al., 2007). 
Such instruments are providing terabytes of data ready to use for systematic 
planetary mapping. Apart from dedicated mission programs and participa-
tion of ESA member-state researchers, active involvements in international 
mission collaborations, such as in NASA’s DAWN mission, also provide 
means for cooperative systematic mapping. 

The focus of this work is put on the technical cartographic means for con- 
ducting such a collaborative (not concurrent) and distributed systematic 
mapping process. As such endeavors are usually coordinated by few and 
conducted by researchers spread over different locations, a common model 
is required which allows to store, combine(!), access, update, revise and, 
finally, visualize data. Such models are usually employed using a relational 
database structure employed within modern GI systems. Once established 
and once the scheme has been distributed among researchers and mappers, 



the highest possible level of homogenization is reached (van Gasselt & Nass, 
2011a; Nass et al., 2011a). 

In particular we want to address the following main issues: 

1. What is needed for GIS-based systematic mapping and what are the 
requirements for establishing such a framework? 

2. How should communication and workflows of mappers be orga-
nized? 

3. How can research and mapping results be communicated in the 
context of science and map data dissemination? 

Answers to these low-level questions help to provide a solid basis for a 
common understanding of technical requirements and needs in the context 
of modern GIS-based mapping. In particular they contribute to sets of 
higher-level specifications and allow establishing basic standards. 

2. Planetary Mapping and Cartography 
Planetary discovery and exploration started with first observations of the 
Moon and planetary objects that were reachable with the unaided eye. In 
1608 GALILEI started Moon observations with the help of his telescope 
which initiated the phase of telescopic planetary exploration. A large num-
ber of map sheets followed by individual observers. The cartographic era of 
planetary mapping begun little later with Selenographia (HEVELIUS, 1647), 
and the Mappa Selenographica (BEER & MAEDLER, 1834) (Batson et al., 
1990). Since that time, the knowledge of the celestial bodies has been grow-
ing steadily. Especially technological developments made in the last 60 
years have played a key role. Sensor technology and computerized data pro-
cessing have means for highly accurate exploration. Since initiation of sys-
tematic mission-based planetary exploration the diversity and amount of 
data have exponentially increased. To understand, not only observe, a plan-
etary surface mapping is one of the most suitable tools. In planetary scienc-
es, the term mapping is frequently being used as equivalent to cartog-
raphy. However, the two terms describe different things as cartography is 
“art, science and technology of making and using maps” (ICA, 2003) while 
mapping describes the effective manual methodology applied to create a 
map. Beside this, the term planetary mapping is also frequently used 
equivalently to performing systematic observations from spacecraft. Thus, 
aims for planetary mapping are either technical with respect to engineer-
ing and mission design or they are scientific with respect to fundamental 
research questions or they are cartographical with respect to designing 
planetary maps. Comparable to earth-based cartography, planetary maps 
may have different meaning related to (1) photography and digital raster 



imagery using compound satellite data and map labels (e.g., Roatsch et al., 
2006, 2012), (2) topography (e.g., Buchroithner, 1999; Shingareva & Kras- 
nopevtseva, 2001; Shingareva et al., 2002; Shingareva et al., 2003; Plane-
tologia, 2012), (3) thematic aspects (e.g., USGS, 2012; Lehmann, 2006) 
including investigation area or landing site studies. 

Comparable with terrestrial mapping conduct there are basic technical as-
pects affecting both, planetary mapping and cartography:  spatial reference 
and cartographic coordinates have to be defined (e.g., Seidelmann, 2005); 
naming has to be uniform (e.g., Hargitai, 2006; IAU, 2012), and in particu-
lar, digital reproduction techniques and analyzing tools (GIS-based and 
web-based mapping) have to be improved. Limitations and demands for 
improvements are subject of this work. 

3. A Mapping Framework 

3.1. Optimized GIS-based mapping process 
Geologic and geomorphologic mapping of planetary surfaces represents a 
highly specialized method for the visualization of spatial data within a sci-
entific context. This method and resulting maps, however, are not based 
upon an objective approach by simply depicting thematic issues but it is 
based on a highly subjective process of identifying, interpreting and deline-
ating mixed-type surface units and structures as spatial entities. In order to 
map these entities the process of map visualization is subdivided into four 
processing steps commonly known as (1) data acquisition, (2) filtering, (3) 
mapping and (4) rendering (Haber, 1990; Wood, 1996; Carpendale 2003). 
 

In systematic mapping programs (SMP) these four tasks are usually con- 
trolled by a number of different of actors concerned with data processing 
and information retrieval techniques, basic research questions, and cartog-
raphy on different levels (van Gasselt & Nass, 2011a, 2011b). Outside of 
such an SMP context these tasks usually have to be performed by a single 
person, mostly a researcher who deals with the analysis and interpretation 
of science data for publication reasons. Consequently, the cartographic 
framework that is usually employed on an ad-hoc basis is highly limited and 
technical and scientific problems occur during mapping conduct, and, more 
specifically, when access to primary map data is needed in the future. 
 

Geologic maps usually depict surface materials and an associated time 
frame. Each geologic-map unit therefore forms the smallest key element of 
any geologic map and it is a discrete entity of a measureable geologic fea-
ture. It is represented by its geometry, its relationships to and intersections 
with other units and geologic features, i.e. their topologic description, and 



by additional attributes. The detailed geoscientific means and approaches 
for delineating and classifying surface units are highlighted in, e.g., Wil-
helms (1987, 1990), Tanaka et al. (1994). For mapping conduct, modern 
GIS have become well-established tools and all steps required to obtain 
geologic maps are based upon knowledge and techniques that were elabo-
rated in an earth-oriented context. In order to make use of modern map-
ping, GI mapping systems need to be adapted and a mapping process needs 
to be formalized for the requirements of planetary mapping. Adaption of 
tools and formalization/specifications of mapping tasks are the basic steps 
in providing a framework for collaborative mapping. Such adaptions are 
targeted to 
 

[a] allow project and map design, storage and administration in a homo-
geneous and well-structured way, [b] allow updates and merging of pro-
ject data, and [c] allow archiving for sustained use and for providing a pri-
mary data basis for subsequent mapping tasks. 

For map data standardization and accessible storage of data, a software- 
based mapping framework must cover three major aspects: entity structure, 
visualization and attribute description (see figure 1). 
 

• Map data must be stored in a well-structured way within any map 
data model. Properties of mapped entities are assigned during map- 
ping and interpretation process (van Gasselt & Nass, 2011a, 2011b). 

• Map data must be visualized through a homogenous and unambig-
uous object-symbol-reference. To achieve this, an adapted GIS- in-
tegrated symbol library is required which allows mappers to as- 
sign standardized sets of symbols for a homogenous appearance and 
exchange of map entities. This object-symbol reference must also be 
linked to the core data model in order to provide sustained func-
tionality (Nass et al., 2011a, 2011b). 

• Map data must be described in order to trace back and review inter-
pretation results. Such a description consists of entries comparable 
to a classic map legend that allows characterizing map layers. An- 
other set of metadata descriptors is composed of information about 
the primary data basis (sensor data and auxiliary information) as 
well as the map product itself, including title, scale, mapping period, 
keywords, context (Nass et al., 2010). 

 

 

 

 



Figure 1. GIS-based mapping process with integrated modules for an optimized 
workflow. 

In order to combine these three basic requirements within a common map- 
ping framework the basic model design should be independent of GIS ar-
chitecture and implementation specification. As most COTS- and FOS-GIS 
rely on relational database management systems (RDBMS) a relational 
database model (DBM) is used to model data flow. For database exchange 
in terms of DB structure as well as contents the XML interchange format 
(XMI) is used (OMG, 2007). Signatures and symbols can be transferred to 
SVG (W3C, 2003) and stored as accessible strings. For metadata descrip-
tion, XML (W3C, 2008) provides a platform-independent description. The 
hierarchical structure of these formats can conveniently be decomposed 
into relations by means of XML-shredding (e.g., Freire, 2003). 



3.2. Mapping Guidelines 
During thematic geologic or geomorphologic mapping, maps are usually not 
designed and compiled by cartographers but by researchers with a core 
expertise in a different field, such as geology or physical geography. 

In order to obtain a decent level of cartographic fidelity, including map lay- 
out and basic design issues that allow proper communication and compari-
son, guidelines are needed which can be used for orientation and for cross- 
discipline references. For earth-oriented mapping, the „Handbook on GIS 
and digital mapping” provides a well-established compilation (United 
Nations, 2000). For planetary mapping purposes baseline concepts have 
been formulated in the context of established systematic mapping pro-
grams (Tanaka et al., 1994, 2010). The focus of such guidelines is put on 
compliance issues with respect to organizational and administrative aspects 
rather than exact details of mapping conduct. Although several aspects con-
cerning formatting are taken up, these are mainly focused on the overall 
map layout and map rendering rather than aspects of filtering and map-
ping, i.e. delineation and assignments of symbols. In order to complement 
such work and in order to support the targeted cartographic representation 
of mapped entities it is necessary to provide basic rules and guides con-
cerned with planetary GIS-based mapping, alignment and selection of 
symbols, and configuration as well as arrangement of map entities. 

The following list comprises of few examples of such rules which are com-
monly violated if no framework has been established and communicated: 

1. Map Projections: Georeferencing of base data as well as assign-
ment of coordinate systems must be fit to the map content and the 
methods that are to be employed during mapping and analyses. Is-
sues with respect to the incorrect selection of coordinate systems 
are commonly encountered and such problems are difficult to re-
solve afterwards, in particular if data analyses have been carried 
out using map projections that are not capable of dealing with such 
analyses. On-the-fly projection methods do not suffice to maintain 
data fidelity. 

2. Map Scales: Definition of a minimum map scale or map scale 
margins for mapping are required to prevent mapping at map scales 
that are not appropriate for depicting objects in a proper way on 
the final map sheet. Such issues require post-editing and time-
consuming generalization. If required, it is recommended to pro-
vide space for inset maps conducted on larger map scales. 

3. Object Alignments: Alignments of surface features and entities by 
means of representation layers must be organized in the way they 
occur in reality. It is important that the visibility and organization of 



objects is not disturbed by incorrect alignments of point symbols 
and area fill patterns (topologically different dimensions). Some of 
these issues can be avoided through topological rule sets or rep-
resentations but the mapper must be aware of limitations despite 
technical support provided by the software system. 

4. Scale Bar: scale bar and numerical scales are required to allow 
map- based, i.e. analogue measurements. 

5. Legend: In order to communicate and understand items depicted in 
the map, keys and legends are required which can be complement-
ed by additional meta-information and text. 

6. Font symbols: A map description helps to explain the map and map 
content directly.   Placement, alignment and  font styles/sizes 
have been well-defined within    cartographic    research.    For    
non-cartographers, representation rules and guides must be em-
ployed to avoid common problems that cause misunderstandings 
(e.g., Hake, 2002). 

These basic rules are standard knowledge for cartographers; however, it has 
been experienced that these issues pose serious problems for non- cartog-
raphers and they are the main factors in project delay and data in- con-
sistencies and integrity. These guides must be appropriately formulated 
within a mapping guide and it must be communicated how this mapping 
integrity can be reached by the technical means available in standard GIS. 

4. Conclusion 
The wealth of new planetary data arriving at research institutes and in 
agency archives requires means for handling and coordinating analyses and 
mapping. These tasks will occupy generations of researchers and cartogra-
phers as the amount of data as increased exponentially within the last 50 
years. This increase puts on demands for new approaches in integrated data 
mapping which are only partially solved by making use of modern COTSGIS 
technology. The problem arises when cross-discipline communication and 
distributed collaboration are to be established. While the basic GI frame- 
work and data model can be extended in respond to user and organizational 
demands, the communication of demands from the side of cartographers to 
researchers and mappers is more complicated as no standards exist. Some 
cartographic issues must and can be organized through an appropriate data 
model; other issues must be addressed as guidelines for cartographic de- 
sign. 



References 
Batson, R., Whitaker, E. & S. Wilhelms (1990): History of planetary cartography. 

In: Greeley, R. & R. Batson (eds.), Planetary Mapping, Cambridge planetary sci-
ence series 6, Cambridge University Press, New York, p 12-59. 

Bleamaster, L. & D. Crown (2010): Geologic map of MTM -40277, -45277, -40272, 
and -45272 quadrangles, eastern Hellas Planitia region of Mars. U.S. Geological 
Survey Scientific Investigations Map 3096, 11 p., scale 1:15,000,000. 

Buchroithner, M. (1999): Mars Map - the First of the Series of Multilingual Relief 
Maps of Terrestrial Planets and Their Moons. 19th ICA/ACI, Ottawa, Canada, p 
1-3. 

Carpendale, M.S.T. (2003): Considering Visual Variables as a Basis for Infor-
mation Visualization. Research report 2001-693-16, Department of Computer 
science, University of Calgary, Calgary, AB, Canada. 

Chapman, M. (1999): Geologic/Geomorphic Map of the Galindo Quadrangle (V– 
40), Venus. U.S. Geological Survey Scientific Investigations Map 2613, 13 p., scale 
1:5,000,000. 

Freire, J. & J. Siméon (2003): Adaptive XML Shredding: Architecture, Implemen-
tation and Challenges. University of Toronto. 

Haber, R. & D. McNabb (1990): Visualization idioms: A conceptual model for sci-
entific visualization systems. In: Shriver, B., Neilson, G. M. & L. Rosenblum (ed.), 
Visualization in Scientific Computing. IEEE Computer Society Press, p 74–93. 

Hake, G., Grünreich, D. & L. Meng (2002): Kartographie - Visualisierung raum- 
zeitlicher Informationen. 8. Auflage, Walter de Gruyter, Berlin, New York. 

Hargitai, H. (2006): Planetary Maps: Visualization and Nomenclature. Carto-
graphica 41(2) pp. 149-167. doi:10.3138/9862-21JU-4021-72M3. 

IAU (2012): International Astronomical Union, http://www.iau.org/. Accessed 8 
October 2012. 

ICA (2003): A strategic plan for the International Cartographic Association 2003-
2011. adopted by the ICA Generally Assembly, Durban South Africa. 

Jaumann, R. et al. (2007): The High Resolution Stereo Camera (HRSC) experiment 
on Mars Express: Instrument Aspects and Experiment conduct from interplane-
tary cruise through the nominal Mission. Planetary and Space Science, 55(7-8), p 
928-952, doi:10.1016/j.pss.2006.12.003. 

Lehmann, H. et al. (2006): A Thematic Map of the Centauri and Hellas Montes 
Area, Mars. 5th Turkish-German Joint Geodetic Day, Berlin. 

Nass, A., van Gasselt, S. & R. Jaumann (2010): Map Description and Management 
by Spatial Metadata: Requirements for Digital map legend for Planetary Geo- 
logical and Geomorphological Mapping. 18th International Research Symposium 
on Computer-based Cartography. AutoCarto 2010, Orlando, FL, USA. 

http://www.iau.org/


Nass, A. et al. (2011a): Implementation of cartographic symbols for planetary 
mapping in geographic information systems. Planetary and Space Science, 59(11-
12), Elsevier Ltd., p 1255-1264, doi:10.1016/j.pss.2010.08.022. 

Nass, A. et al. (2011b): Requirements for Planetary Symbology in Geographic In-
formation Systems. In: A. Ruas (eds.), Advances in Cartography and GIScience. 
Vol. 2: Selection from ICC 2011 Lecture Notes in Geoinformation and Cartog-
raphy, Springer Verlag, Berlin, p 251-266. 

OMG (2007): MOF 2.0/XMI Mapping, Version 2.1.1. OMG Doc Number: for- 
mal/2007-12-01, http://www.omg.org/spec/XMI/2.1/PDF. 

Neukum, G., Jaumann, R. & HRSC-Team (2004): The High Resolution Stereo 
Camera of Mars Express. ESA Special Publication, SP-1240, p 1-19. 

Neukum, G. et al. (2009): HRSC: High Resolution Stereo Camera. ESA Special 
Publication, SP-1291, p 15-74. 

Planetologia (2012): Planetary Cartography. ELTE University Budapest. 
http://planetologia.elte.hu/. Accessed 16 October 2012. 

Roatsch, T. et al. (2006): Mapping of the icy Saturnian Satellites: First Results 
from Cassini-ISS. Planetary and Space Science, 54(12), 
doi:10.1016/j.pss.2006.05.032, p 1137-1145. 

Roatsch, T. et al. (2012): High resolution Vesta High Altitude Mapping Orbit (HA-
MO) Atlas derived from Dawn framing camera images. Planetary and Space Sci-
ence, in Press. 

Seidelmann, P. et al. (2005): Report of the IAU/IAG Working Group on Carto- 
graphic Coordinates and Rotational Elements: 2003. Celestial Mechanics and 
Dynamical Astronomy, 91, p. 83-111. 

Shingareva, K. & B. Krasnopevtseva (2001): Venus Map - The Series of Multilin- 
gual Maps for Terrestrial Planets and Their Moons. 20th ICA/ACI, Beijing, Chi- 
na, 5, p 3279-3284. 

Shingareva, K., Krasnpevtseva, B. & M. Buchroithner (2002): Moon Map - a New 
Map out of the Series of Multilingual Relief Maps of Terrestrial Planets and their 
Moons. Conference "GIS for Sustainable Development of Territories. Petersburg, 
Russia, p 392-395. 

Shingareva, K. et al. (2003): Mercury Map - A New Map out of the Series of Multi- 
lingual Relief Maps of Terrestrial Planets and their Moon. 21th ICA/ACI, Durban, 
South Africa, p 1551-1554. 

Tanaka, K. (1994): The Venus Geologic Mappers`Handbook. 2nd edition, Open– 
File Report 94-438, Prepared for the National Aeronautics and Space Administra-
tion. 

Tanaka, K., Skinner Jr., J. & T. Hare (2010): Planetary Geologic Mapping Hand- 
book – 2010. U.S. Geological Survey, Astrogeology Science Center, Flagstaff, Ari-
zona. 

http://www.omg.org/spec/XMI/2.1/PDF
http://www.omg.org/spec/XMI/2.1/PDF


United Nations (2000): Handbook on geographic information systems and digital 
mapping. United Nations publication, Studies in Methods, Series F No. 79, 
ST/ESA/STAT/SER.F/79, New York. 

USGS (2012): Astrogeology Science Center, 
http://astrogeology.usgs.gov/PlanetaryMapping/. Accessed 11 October 2012. 

van Gasselt, S. & A. Nass (2011a): Planetary mapping – The datamodel’s perspec-
tive and GIS framework. Planetary and Space Science, 59(11-12), Elsevier Ltd., 
doi:10.1016/j.pss.-2010.09.012, p. 1231-1242. 

van Gasselt, S. & A. Nass (2011b): Planetary Map Data Model for Geologic Map- 
ping. Cartography and Geographic Information Science (CaGIS), 38(2), p. 201- 
212, doi:10.1559/-15230406382201. 

W3C (2003): Scalable Vector Graphic (SVG) 1.1 Specification. W3C Recommenda-
tion, http://www.w3.org/TR/2003/REC-SVG11-20030114/. 

W3C (2008): Extensible markup language (xml) 1.0 (fifth edition). W3C Recom-
mendation, http://www.w3.org/TR/2008/PER-xml-20080205. 

Wilhelms, D. (1990): Geologic Mapping. In: Planetary Mapping (Greeley, R. & R. 
Batson (eds), Cambridge Planetary Science Series 6, pp. 208-260, Cambridge 
Univ. Press (Cambridge). 

Wilhelms, D. & J. McCauley (1971): Geologic Map of the Near Side of the Moon. 
USGS Map I–703, 26 p., 1:5,000,000. 

Wilhelms, D., McCauley, J. & N. Trask (1987): The geologic history of the Moon. 
U.S. Geological Survey Professional Paper 1348, United States Government Print-
ing Office, Washington. 

Williams, D. et al. (2011): Geologic map of Io. U.S. Geological Survey Scientific 
Investigations Map 3168, 25 p., scale 1:15,000,000. 

Wood, J., Brodlie, K. & H. Wright (1996): Visualization over the World Wide Web 
and its application to Environmental Data. Proceedings of the 7th IEEE Visuali-
zation Conference, San Francisco, USA, doi:10.1109/VISUAL.1996.567610. 

http://astrogeology.usgs.gov/PlanetaryMapping/
http://astrogeology.usgs.gov/PlanetaryMapping/

	1. Introduction and Background
	2. Planetary Mapping and Cartography
	3. A Mapping Framework
	3.1. Optimized GIS-based mapping process
	3.2. Mapping Guidelines

	4. Conclusion

