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Introduction:  In the most basic sense, geologic 

maps record the three-dimensional distribution of rock, 
sediment, and soil materials at and near the land surface 
including key geologic features or characteristics that 
occur on, within, or across these material units. Terres-
trial geologic mapping is predominantly a field-based, 
applied research endeavor that leverages collaborations 
with and contributions from multiple disciplines. The 
goal is to establish a geologic framework for not only 
promoting comparability of basic research but also en-
suring that decision-makers have the tools necessary to 
identify valuable natural resources, avoid risks from 
natural hazards, and make wise use of national assets. 
Planetary geologic mapping is predominantly a remote-
based, basic research endeavor that contributes to the 
establishment of geologic frameworks in parallel with 
other geoscience disciplines using data acquired by or-
biting and landed spacecraft. Technological advances 
have altered the process and product of geologic map-
ping over the past few decades, most specifically the 
availability of geospatial data that permit geologic map 
information to be electronically stored, displayed, que-
ried, and analyzed in conjunction with a variety of other 
data types. However, contrary to terrestrial geologic 
mapping, planetary geologic mapping efforts have ex-
perienced no impetus to migrate into applied research 
products that specifically integrate co-located basic re-
search results to enable decisions that impact national 
assets. By using advances in the preparation and dissem-
ination of terrestrial geologic maps as a gauge and un-
derstanding likely off-planet exploration initiatives in 
the coming decades, it is apparent that planetary geo-
logic mapping efforts are primed for a renaissance. 

Standards:  It is increasingly clear to data producers 
and users that certain widely-accepted standards are es-
sential to creating, managing, and disseminating digital 
geoscience information [1-3]. Planetary geologic maps 
exist as either contextual standardized maps (i.e., those 
published by USGS, in coordination with NASA, which 
strictly adhere to recognized standards) or topical non-
standardized maps (i.e., those published by peer-re-
viewed journals, which are not required to adhere to 
standards). There are many planetary geologic and top-
ical thematic maps that are produced through NASA-
funded investigation that do not – and are not intended 
to – strictly adhere to U.S. federal mapping standards. 
These maps are encouraged and should not be perceived 

as scientifically deficient. Likewise, standardized geo-
logic maps should not be perceived as an approved ge-
ologic framework that does not require further refine-
ment. These perceptions are unhelpful and should be 
thoroughly abolished. The community must recognize 
that these products work in tandem to establish context 
and will, in future years, need to more closely align and 
be integrated to ensure the full range of geologic map 
information is available for scientific investigation and 
policy decisions. Standardized and non-standardized 
geologic maps both satisfy critical needs with respect to 
our understanding and continual refinement of the geo-
logic frameworks of solid surface bodies in the Solar 
System. Much of the knowledge of assessing resources 
beyond Earth will require extrapolation of not only di-
rect measurement of analogous terrains on Earth but 
also very localized direct observation of multiple plan-
etary bodies. This necessitates development and adher-
ence to a common suite of cartographic representations 
– whether published by USGS or by peer-reviewed jour-
nals – that enable seamless cross-comparison. Standard-
ization of geologic map information is an existing chal-
lenge. Both standardized and non-standardized geologic 
maps should not only adhere to a base level set of car-
tographic conventions but also be distributed through a 
common geologic map database for cross-reference. 
The absence of broadly-applied standards impedes de-
velopment of a common database that enables co-loca-
tion of planetary geologic map information and should 
be addressed in coming decades. 

Core Competence:  The development and imple-
mentation of standards related to planetary geologic 
mapping and applying these standards to the construc-
tion of planetary geologic maps requires maintenance of 
core competence. Digital data formats and geographic 
information system (GIS) technology allow modern 
planetary geoscientists to leverage a complex array of 
data across a range of spatial scales to complete investi-
gations, often culminating in the production of a map 
product. The requisite skillset of modern planetary ge-
ologists has expanded to include not only scientific ex-
pertise in the discovery and refinement of geologic 
frameworks but also technical expertise in the collation, 
management, representation, and delivery of data. The 
community should make significant efforts to ensure 
that there is sufficient expertise available in the short- 
and long-term to conduct and distribute results from 
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systematic planetary geologic mapping campaigns in re-
sponse to evolving off-planet developmental needs, in-
cluding training geologic mappers, discipline scientists, 
cartographers, and technical experts. In addition, the 
planetary geologic mapping community must improve 
its ability to communicate with not only the broad geo-
science and engineering community but also those fed-
eral, state, and institutional entities and steering com-
mittees that facilitate the creation and distribution of ter-
restrial geologic maps. 

Strategic Planning:  The NASA-USGS relation-
ship in production of standardized planetary geologic 
maps as well as resources for the creation and distribu-
tion of geologic map information is a critical investment 
that should be fully leveraged for not only current basic 
research but also future applied research. However, the 
planetary geologic mapping community, in coordina-
tion with the broader scientific community, has not for-
mulated a modern road map that outlines the strategic 
needs of the community or devises a plan to address 
those needs in the short and long term. To fully make 
use of the NASA-USGS relationship, the planetary 
mapping community needs to develop and implement a 
plan for selecting the most applicable, strategic geologic 
maps for production and promote the distribution of 
both standard and non-standard maps as geospatial lay-
ers via a queriable planetary geologic map database. 
Likewise, standardized geologic maps require consider-
able investment and the planetary community must stra-
tegically expend resources on the production of stand-
ardized geologic maps that are likely to fundamentally 
alter our basic understanding of geologic frameworks. 
The geologic mapping community should immediately 
begin preparing a strategic road-map using input from 
the broader geoscience and programmatic community in 
order to realize and plan for the role of geologic maps 
in achieving NASA’s current and future scientific and 
exploration goals. We must ensure that we are capturing 
geologic mapping results from various geoscience dis-
ciplines and not only making these available to the pub-
lic but also specifically targeting areas of high value to 
complete standardized production of USGS series geo-
logic maps. 

Paths Forward:  Geologic maps constitute a funda-
mental and objective scientific foundation upon which 
the results of basic and applied geoscience investiga-
tions are communicated and placed into a broader con-
text on behalf of decision makers and the public. In or-
der to maximize the scientific interrogation of existing 
and future data sets and ensure the success and safety of 
future exploratory missions beyond low-Earth orbit, the 
community needs to understand the characteristics and 
distributions of geologic materials across all bodies 
within the Solar System in general and targeted regions 

across particular bodies that will likely be sites of in situ 
exploration within the coming decades. The long-term 
vision of the planetary geologic mapping community 
should be guided by the following efforts: (1) determine 
the geologic framework of all Solar System bodies 
through the systematic development of geologic maps 
at scales appropriate to the geologic setting, available 
data sets, and perceived future land-use assessments, (2) 
develop cost-effective mapping techniques, conven-
tions, and standards that assist with assembling, produc-
ing, translating, and disseminating geologic map infor-
mation to increase their application to the scientific 
community and public, (3) develop public awareness of 
the role and application of geologic map-information to 
the resolution of national issues relevant to planetary 
science and eventual off-planet resource assessments, 
(4) use topical science to drive mapping in areas deter-
mined or likely to be determined vital to the welfare of 
endeavors related to planetary science and exploration, 
and (5) cultivate and sustain core competence in geo-
logic mapping. Moving forward, planetary geologic 
mapping efforts need to be far more aware of the applied 
research applications of these maps, creating suites of 
correlative product through strategic mapping cam-
paigns using standardized (broadly recognizable) for-
mats that are simultaneously beneficial at establishing 
common context for multiple disciplines as well as for 
informing programmatic decisions. To realize this long-
term vision, planetary geologic mapping efforts should 
take cues from the USGS National Cooperative Geo-
logic Mapping Program (NCGMP), the National Geo-
logic Map Database (ngmdb.usgs.gov), and guidance is-
sued from the Office of Science Technology and Policy 
[4], which should serve as models for the planning, 
management, and dissemination of both topical and 
standardized planetary geologic maps. As the NCGMP 
is congressionally mandated by the National Geologic 
Mapping Act of 1992, it would behoove the planetary 
science community to start considering issues related to 
collating and disseminating planetary geologic map in-
formation, which will require encoding spatial content 
for use in multi-map databases. This will ensure that rel-
evant planetary science investigations build upon and 
make available geologic frameworks for all non-terres-
trial solid bodies in the Solar System and provide stake-
holders with a landscape-level understanding of these 
bodies as well as their potential for resources, hazards, 
and siting assessments. 
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