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Introduction: Planetary geologic maps play a key 

role in space exploration and have done so since the 
creation of the first lunar geologic maps in the 1960s 
[e.g., 1]. However, for many decades, access to these 
key products was limited to paper copies. The first 
planetary geologic map that was prepared in and 
distributed as GIS product was in 2001 [2]. Although 
maps are valuable products in mission planning, 
operations, and scientific research, the need for map 
readers to acquire paper maps or have technical GIS 
skills and software has ultimately limited the utility of 
planetary maps. 

Results from the 2017 USGS-NASA Planetary 
Geologic Mapping (PGM) Program and USGS 
Planetary Geologic Map Coordination Group (PGM 
Group) community survey showed a significant need for 
greater accessibility when working with planetary 
geologic maps, and a need for planetary maps to be 
available to the broadest range of users [3 – Findings #1, 
8, 10, and 14]. In response, we have worked to expand 
online geologic map resources, leveraging work from 
our decade-long effort to digitize planetary geologic 
maps [e.g., 4]. This effort includes both ongoing map 
digitization efforts and the creation of interactive 
versions of published USGS planetary geologic maps. 

Map digitization: Making planetary geologic maps 
more accessible begins with digitizing the physical 
paper map in a desktop GIS application. This allows the 
digital map to be spatially referenced and analyzed by 
anyone who has access to GIS. Additionally, the 

digitized map can then be used to create a public-facing, 
web-based, interactive map – a more accessible option 
for those needing to view and use planetary maps 
without access to hard copies or GIS software. 

During digitization, the paper map sheet is first 
scanned using a large-format scanner, and imported into 
ArcGIS Pro. It is then georeferenced to the most recent 
appropriate basemap (Figure 1A) (this may be a 
different basemap than was originally used for 
mapping) to ensure the map is placed according to the 
current generation of orbital imagery. All map features 
(e.g., geologic contacts) are then traced and saved as 
feature classes (Figure 1B). During digitization, map 
features are traced exactly as they appear on the map 
and are not modified. Modification of linework is 
instead reserved for map renovation projects [e.g., 4, 6]. 
Final feature symbologies are formatted to match the 
original map (Figure 1C). This ensures that the 
scientific integrity of the map is preserved, and the 
information is conveyed as the original map author 
intended. Once all map features are digitized, the GIS 
and its metadata are released through the corresponding 
map page on the USGS Publications Warehouse 
website.  

To date, 249 planetary geologic maps have been 
published by the USGS. Of these, 22 were submitted 
with a GIS package. Of the remaining 227 that did not 
have a GIS package, 150 have been digitized since this 
effort began over 10 years ago. To make as many maps 
available as quickly possible, the initial digitization 
effort focused exclusively on converting geologic 

Figure 1. An in-progress digitization project of the USGS IMAP 616: Maskelyne DA Region of the Moon [5].  A) The scanned 
map sheet available on the USGS Publication Warehouse website before any work in GIS. B) The map sheet once georeferencing 
is complete and all geologic contacts are traced. C) The map once all other features are traced and geologic units are created. 
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contacts and units. All additional map features, 
including linear features and nomenclature, will be 
digitized and added to the GIS download package on the 
USGS Publications Warehouse website in upcoming 
digitization efforts. The 77 remaining maps will be 
digitized in their entirety and will include all geologic 
contacts, units, features, and symbols. 

Interactive map production: We are working to 
make all planetary maps that have been published 
through the USGS available as web-based, interactive 
products. Interactive map production began in 2020 
with the release of the Geologic Map of Jezero Crater 
and Nili Planum [7] prior to the landing of the 
Perseverance rover. Since then, an additional 23 
interactive maps have been created and released (Table 
1) following the methods described in [8]. The available 
interactive maps span several bodies: Venus, the Moon, 
Mars, Io, and Ganymede. Twelve additional interactive 
maps are completed and will be available in the 
upcoming months. Since the first interactive map 
release in December 2020, the interactive maps 
produced by the PGM Group have received nearly 
10,000 views and continue to serve the planetary 
science community on a daily basis. All available 
interactive maps are now accessible through the PGM 
website, with additional maps in progress. 

Next steps: Digitization and interactive map efforts 
are ongoing. The addition of members to the PGM 
Group allows for more time to be spent creating these 
community resources. With the Artemis missions 
underway, we will prioritize making lunar maps 
available to the public and planetary science community 
as both downloadable GIS packages and web-based 
interactive maps. However, maps of other planetary 
bodies may also be digitized and made interactive 
during this time. As soon as archived maps are digitized, 
they will also be made interactive, making these 
resources available to the community as quickly as 
possible. All new map publications will be released 
alongside their corresponding interactive map. Existing 
interactive maps will continue to be updated with 
additional tools and capabilities as they develop – for 
example, adding the ability to change between 
equatorial and polar projections in global maps. 
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Table 1: All currently available interactive planetary maps 
USGS MAP # SHORT TITLE AUTHORS LINK 

VENUS 
SIM 3250 Geologic Map of the Agnesi Quadrangle (V-45), Venus Hansen and Tharalson (2014) View 

SIM 3249 Geologic Map of the Lada Terra Quadrangle (V-56), Venus Kumar and Head (2013) View 

SIM 3163 Geologic Map of the Hecate Chasma Quadrangle (V-28) of Venus Stofan, Guest, and Brian (2012) View 

SIM 3178 Geologic Map of the Snegurochka Planitia Quadrangle (V-1), Venus Hurwitz and Head (2012) View 

SIM 3121 Geologic Map of the Ganiki Planitia Quadrangle (V-14) of Venus Grosfils et al. (2011) View 

SIM 3158 Geologic Map of the Metis Mons Quadrangle (V-6) of Venus Dohm, Tanaka, and Skinner (2011) View 

SIM 3099 Geologic Map of the Artemis Chasma Quadrangle (V-48), Venus Bannister and Hansen (2010) View 

MOON 
TBD Unified Map of the Moon Fortezzo et al. (2020) View 

MARS 
SIM 3489 Geologic Map of Morava Valles and Margaritifer Basin, Mars Wilson et al. (2022) View 

SIM 3470 Geologic Map of Olympus Mons Caldera, Mars Mouginis-Mark (2021) View 

SIM 3477 Geologic Map of the Athabasca Valles Region, Mars Keszthelyi et al. (2021) View 

SIM 3480 Geologic Map of the Aeolis Dorsa Region, Mars Burr et al. (2021) View 

SIM 3464 Geologic Map of Jezero Crater and the Nili Planum Region, Mars Sun and Stack (2020) View 

SIM 3389 Geologic Map of the Nepenthes Planum Region, Mars Skinner and Tanaka (2018) View 

SIM 3356 Geologic Map of Meridiani Planum Hynek and Di Achille (2017) View 

SIM 3297 Geologic Map of Tooting Crater, Amazonis Planitia Region of Mars Mouginis-Mark (2015) View 

SIM 3245 Geologic Map of the Reull Vallis Region of Mars Mest and Crown (2014) View 

SIM 3292 Geologic Map of Mars Tanaka et al. (2014) View 

SIM 3309 Bedrock Geologic and Structural Map of Western Candor Colles Region of Mars Okubo (2014) View 

SIM 3177 Geologic Map of the North Polar Region of Mars Tanaka and Fortezzo (2012) View 

SIM 3197 Geologic Map of the Olympia Rupēs Region of Mars Skinner and Herkenhoff (2012) View 

SIM 3096 Geologic Map of East Hellas Planitia, Mars Bleamaster and Crown (2010) View 

IO 
SIM 3168 Geologic Map of Io Williams et al. (2011) View 

GANYMEDE 
SIM 3237 Global Geologic Map of Ganymede Collins et al. (2013) View 
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https://www.usgs.gov/special-topics/planetary-geologic-mapping
https://www.usgs.gov/special-topics/planetary-geologic-mapping
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=19349e8bf1334393b8d99dd25c397e7d
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=f062e832771348f59d30f84e8f391667
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=9a70406bec9a439cb9ea71c6872df344
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=a605bc68564e4a279c9a4c3703ec23ce
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=c14edac7e91b4fc5ade4042e3036ec58
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=7e4c79271c95473cb741ebe7bdcd2698
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=9f744fcac7b144fd92cfd8b38421eb1f
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=d1361d00e5f9459ebf004e966f9da9df
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=e3e35ddc5aa04686a1acf791f8a79a47
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=1e3decd17b8840a39fb8c31fa27bf390
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=fb47fbdfb61044c5a114609ed78a78b1
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=8d18548ceb39459d94e397097a894f12
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=a0ae4b521f7a4a6ca2cf0f0c551d5293
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=7197f5df66ec4f68ab37fd55d3cd491d
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=e57a213a0d5b4680874020dec4cff20a
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=9f039fae51be44be8d6ef4e1af29b0e9
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=a222736394ff4444b073ffdf6ccc2467
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=fc004c3d21b64c398ed5458580ab7c58
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=7112f40d745a463490d639e003db528e
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=028e53cbef05409588dd601c5c8d0282
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=5c4d9e04f3d043378541451ed807d4a7
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=5ab66715df1e443ab8aa6d740dfadea9
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=5cbc01d71eec48d6b2f8790828efe69d
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=8e8e1f8bd7464d01bd0808fe3a8e3ffc

