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 This presentation IS intended to be:
 Faces to names and “lay of the land”
 Process and product of geologic mapping
 Participants and dependencies
 Tasks funded by NASA
 Re-enforcing relationships
 Broadening understanding toward common goal
 Ensuring best value

Objectives
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 This IS NOT intended to be:
 Exhaustive description
 Specifically about USGS Astrogeology
 NASA R&A re-organization
 Creating a monopoly in map production
 Requesting more (or less) funding
 The last discussion

Objectives
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Planetary Cartography

 Process and products of creating maps for solid 
objects beyond the Earth
 Geodesy and control
 Image processing
 Precision co-registration and geo-registration
 Tool development
 Visual representation
 Community standards

 Critical infrastructure for dissemination, 
scientific analysis, and public consumption of 
mission data
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Planetary Cartography

 Short- and long-range planning maintains health 
of infrastructure
 Technology (hardware and software)
 Human capital and knowledge base

 Fundamental reliance on “standardized” mission 
information
 Allows community to speak the same language

 Requires collaboration, cooperation, and 
community oversight
 Development
 Adherence
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Planetary Cartography

 Planetary geologic mapping is a component 
of planetary cartographic infrastructure
 Geodetic control at various scales
 Processing, mosaicking, and co-registration
 Driven by community needs
 Standardized process and product
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Planetary Cartography

 Dispense with some myths
 USGS = Planetary Geologic Mapping?
 USGS geologic maps are “absolute”?
 USGS geologic maps = Journal articles?
 USGS geologic maps take a long time?
 Geological mapping is not a scientific endeavor?



October 21, 2014 Planetary Geologic Mapping – NASA HQ

Outline

Planetary cartography
Basic concepts
History
Topic vs. Context
Map components
Work flow
Funding
Management
Concerns
Conclusions



October 21, 2014 Planetary Geologic Mapping – NASA HQ

geo·log·ic map noun (\ jē-ə-lä-jik \ map \)

: a chart that shows the distribution of discrete rock 
and sediments bodies and associated landforms of 
a particular area, emphasizing their spatial and 
temporal associations relative to one another, in 
order to inform about the formational history of a 
region and/or planet

: a contextual framework for displaying bulk 
observations, intended to visually convey the 
formative history of a particular area

Concepts of geological mapping
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 Consistently recognizable and traceable 
across landscape
 Described thoroughly and objectively so that 

others can recognize and verify presence and 
identity
 Must be repeatable
 Minimally consists of 
 Map
 Symbol key
 Description of map units

Concepts of geological mapping
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 Types (or subsets) of geologic maps
 Thematic
 Groundwater

 Geomorphic
 Glacial landforms

 Stratigraphic
 Age of sand bodies

 Compositional
 Hydrated minerals

 Facies
 Textures on volcanic flows

Concepts of geological mapping
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 Basic process of terrestrial mapping
 Field-based: Traversing, outcrop examination, 

existence and nature of a contact, unconformities
 Outcrop … erosion … 3-D exposure
 Lines (contacts, structures) identified on mylar

over topographic base
 Notes compiled in notebook, correlated with field 

map represent “hard” documentation
 Inked and colored
 Unit descriptions, cross-section, geologic history

 How do these apply to other bodies?

Concepts of geological mapping (cont’d)
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 Application of terrestrial geological mapping 
concepts to other bodies
 Remote observations
 Limited datasets (topography)
 What to describe? In what detail?
 How infer 3-D architecture?
 Terrestrial outcrop formed by tectonism and erosion

 How similar are the geological processes?
 Shoemaker et al. addressed these questions
 Concept works because it is focused primarily on 

observation

History of Planetary Geological Mapping



Mason and Hackman, 1961
1:3,800,000 scale

USGS 

Mason and Hackman, 1961
1:3,800,000 scale

USGS 

Shoemaker, 1960
1:1,000,000 scale (LPC-58)

ACIC 

Shoemaker, 1960
1:1,000,000 scale (LPC-58)

ACIC 



October 21, 2014 Planetary Geologic Mapping – NASA HQ

 Relationship with NASA and USGS
 Planetary cartography
 Geologic mapping
 Technology development
 Mission support (astronaut training, landing sites)

 On behalf of NASA, USGS has published:
 >150 of planetary geologic maps
 Multiple bodies, scales, bases

 Standardized process and products

History of Planetary Geological Mapping



 Historical process
 Brown-line, vellum, 

and photo-bases
 Sticky colors
 Scribing
 Quadrangle schemes 

(mapping campaigns)
 Mapping at 

production scale
 Historical product
 Hard copy maps
 Limited distribution
 Utility and archive

History of Planetary Geological Mapping
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PDS Data Portals Mission Portals
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 Data volumes
 Data types
 Spatial scale 
 Formats
 Digital 

environments 
(GIS)



 Modern process
 Controlled digital 

mosaics
 GIS and tablets
 Quad or non-quad
 Mapping ≠ production 

scale
 Modern product
 Hard copy and digital 

maps
 Unlimited and 

immediate distribution
 Utility

History of Planetary Geological Mapping
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 Data volumes and digital environments means 
cartographic concepts are common
 Pipeline production (e.g., DTM, mosaics)
 Geodetic control (mission-specific)
 Nomenclature (your name here!)
 Journal-based geologic maps

 They all fulfill purpose, but they are not 
automatically equivalent
 Lack review using community-adopted criteria
 Lack accuracy and precision
 Not standardized
 Easy to say, hard to do

Topical vs. Contextual Maps
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 Topical Science Geological Mapping
 Flexibility in approach (base, scale, symbols, 

projections, intent)
 Executed on a tactical timeline (generally responsive to 

the data curve)
 Reviewed for scientific (not cartographic or technical) 

integrity
 Contextual Science Geological Mapping
 Rigid in approach (set scale, primary vs. secondary 

data, approved symbols, objective)
 Executed on a strategic timeline (generally not 

responsive to data curve)
 Reviewed specifically for scientific, cartographic, and 

technical integrity

Topical vs. Contextual Maps



• Review and publish via scientific journals
• Variable base and intent (thematic)
• High response to data curve
• Observations ≤ Interpretations

Topical Maps

• Review and publish via geological survey
• Consistent, controlled base, scale, symbol, style
• Low response to data curve
• Observations > Interpretations

Contextual Maps

Topical vs. Contextual Maps
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 Map
 Nomenclature
 COMU
 DOMU
 EOMS
 Text

Map Components

56 inches

42inches
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Map Components: Geologic Map
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Map Components: Nomenclature

planetarynames.wr.usgs.gov
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Map Components: COMU



Map Components: DOMU

 Single base that provides definition
 Production scale – 1:1,000,000
 Digital mapping scale – 1:250,000
 Vertex spacing – 250 meters
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Map Components: Text, etc.



 Context maps must include components
 Reviewed for scientific accuracy, objectivity, and internal 

consistency
 Standard compilation and presentation
 Line symbols, colors, names, format

 Topical maps have elements of process and product

Map Components
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Work Flow

Proposal to pamphlet….
From Planetary Geologic Mappers Handbook
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 Pre-proposal
 Contact USGS - boundaries, base, scale, etc.

 Review and selection
 Boxes checked in NSPIRES (?)

 USGS notified of “new starts”
 Allows us to schedule and start work

 Base map and GIS project created
 Clipped, processed/mosaicked, registered, quality 

checked

Work flow
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 GIS delivered to author
 Opened and verified

 Mapping by author (+support as needed)
 Planetary Geologic Mappers Meeting
 Status reports and receive guidance

 Pre-submission review
 Checked for completeness and accuracy

 Formal submission to USGS
 Standard components in standard format

 Submission review
 Checked for completeness and accuracy

Work flow
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 Technical reviewers assigned and delivered
 2, sometimes 3

 Technical reviews completed
 1 month

 Map Coordinator review
 Technical reviews addressed
 Internally consistent

 Nomenclature review
 Map accepted for publication
 GIS and map files formatted

Work flow
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 Submission to USGS PSC - Menlo Park
 Map editing for USGS compliance
 Interaction with author

 Map cartography for USGS compliance
 Interaction with author

 Galley proof and final edits
 Print bid and acceptance
 Print, post, distribution

Work flow
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 Tractable timeframe
 Base map/GIS 3 months
 Mapping 24 months
 Submission prep 3 months
 Review and re-submit  6 months
 Editing and cartography 6 months
 Production 6 months

48 months

Work flow
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 Pre-proposal
 No contact

 Base map and GIS project created
 Not possible as proposed

 GIS delivered to author
 Not checked

 Mapping by author (+support as needed)
 Varying author ability in process

 Planetary Geologic Mappers Meeting
 Not attended

 Pre-submission review
 Not submitted

 Formal submission to USGS
 Submission incomplete

Work flow



October 21, 2014 Planetary Geologic Mapping – NASA HQ

 Common deviations (and mitigation)
 Multiple programs funding maps
 Multiple notices of “new starts”
 Multiple points of contact and follow-ups
 Potentially over-commits USGS
 (NASA alerts USGS of “new starts”)

 Map not possible as proposed
 Base, scale, projection not possible, not considered
 (Encourage pre-proposal contact)
 (Reviewer and program office awareness)
 (Improve author awareness)

Work flow
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 Common deviations (and mitigation)
 Varying levels of author expertise
 GIS and data sets unfamiliar
 (Encourage pre-proposal contact)
 (Reviewer and program office awareness)
 (Improve author awareness)

 Influx of data makes authors “wait”
 The next image or data set is “the one”
 (Attendance at annual PGM meeting for status report)
 (Educate authors on role of map)

Work flow
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 Common deviations (and mitigation)
 Scales and bases necessitate adapted approach
 (Solicit community input – PCGMWG/GEMS)
 (Improve author awareness)
 (Encourage USGS contact)

 Map submitted after project funds over
 (Improve author awareness)
 (Attendance at annual PGM meeting for status report)
 (Encourage USGS contact)
 (Establish a cut-off term for delinquent maps)
 (Propose for 4 years)

Work flow
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 Common deviations (and mitigation)
 Scales and bases necessitate adapted approach
 (Solicit community input – PCGMWG/GEMS)
 (Improve author awareness)
 (Encourage USGS contact)

 Technical reviews lengthy
 Technical reviews are not one-off … exchange
 Requires detailed editing
 (USGS hard follow-up with reviewers)
 (Encourage USGS contact)

Work flow
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 Common deviations (and mitigation)
 Components fragmented
 (Improve author awareness)
 (Organize by USGS)

 USGS Menlo Park  Author
 Lack of communication/understanding
 Decreased response time
 (Improve author awareness)
 (Improve USGS Menlo Park awareness)
 (Assign point of contact at USGS Astrogeology)

Work flow



Mapping
Review
Production

1961 to 2002
(96 months)

2003 to 2010
(95 months)

44 mo.

27 mo.

26 mo.
51 mo.

24 mo.

19 mo.

What is the time for production of USGS geologic map?



October 21, 2014 Planetary Geologic Mapping – NASA HQ

 Delinquent maps
 Lots of reasons for delinquency
 USGS and author want NASA to get return on investment
 USGS wants to be able to predict our work flow

 Defined as
 >10 years past funding date
 >5 years since PGM meeting attendance
 >3 years since initial review

 Contact author
 “Relinquished” to USGS (re-posted as available)
 Establish plan for submission
 Scan hard copies and register, re-package GIS, create GIS, convert 

Illustrator to GIS, etc.
 Plan must be enforced … NASA assistance

Work flow



October 21, 2014 Planetary Geologic Mapping – NASA HQ

Outline

Planetary cartography
Basic concepts
History
Topic vs. Context
Map components
Work flow
Funding
Management
Concerns
Conclusions



October 21, 2014 Planetary Geologic Mapping – NASA HQ

Funding

 NASA ROSES (to individuals)
 SSW
 MDAP
 LDAP
 PDART
 Others?

 “Cartography” funds to USGS
 Program TBD
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Funding - to USGS

Total Budget
$9M “Cartography”

$3M
Geologic Map Support

$350K + $140K

USGS Astrogeology Budget Breakdown

Science proposals

Mission support

“Cartography”

Databases/Web services
Controlled mosaics

Photogrammetry
Software/ISIS

Archives/RPIF
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Funding - to USGS

 USGS Cartography Project
 Section C: Geologic Mapping Program Support
 Task C1: Geologic Map Coordination  ($350K) 
 Image and/or topographic bases
 Technical review coordination
 Editing/print production of USGS SIM
 Cartographic standards and “best practices”
 PGM Website maintenance

 Task C2: MRCTR GIS Lab (PIGWAD)  ($140K)
 Tools, tutorials, workshops, guest facility
 Data formatting and packaging
 GIS web interfaces
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Funding - to USGS

 Task C1: Geologic Map Coordination (Skinner)
 Sub-task #1 – Project Management
 Sub-tasks #2 – Map Processing
 Coordination – 80 hours per map
 Nomenclature – 10 hours per map
 PSC Guidance – 40 hours per map
 PSC Editor – 125 hours per map**
 PSC Cartographer – 125 hours per map**

 Sub-task #3 – Community Interaction
 Sub-task #4 – PGM Web Maintenance
 Sub-task #5 – Map Base Preparation
 Sub-task #6 – Support Cartography



October 21, 2014 Planetary Geologic Mapping – NASA HQ

Funding - to USGS

 Task C2: MRCTR GIS Lab (Hare)
 Sub-task #1 – Project Management
 Sub-task #2 – Digital Map Support, Guest Facility, 

Workshops, Tools, and Tutorials
 Sub-task #3 – Data ingestion and web-site 

maintenance
 Sub-task #4 – Standardized GIS web interfaces
 Sub-task #5 – Promotion
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 Personnel
 J. Skinner – Map Coordinator
 T. Hare – GIS/Data sets
 C. Fortezzo – Geology/GIS
 R. Hayward – Nomenclature
 S. Akins – Web
 T. Gaither – Database/Misc.
 PSC Editor
 PSC Cartographer

 Total Cost Per Map - $25,000

Funding - to USGS
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 Planetary Cartography and Geologic Mapping 
Working Group (PCGMWG)
 Define and prioritize cartographic needs
 Represent community (including NASA)
 Review USGS Cartography proposal

 Geologic Mapping Subcommittee (GEMS)
 Adopt new approaches
 Represent geologic mapping community
 Chair sits on and communicates with PCGMWG

Management
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 David Williams (ASU) – Chair
 Debra Buczkowski (JHU/APL)
 David Crown (PSI)
 Corey Fortezzo (USGS)
 Jim Skinner (USGS) – Map Coordinator
 Mike Kelley (NASA)*
 - vacant -

GEMS Members
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 GEMS comments re: NASA re-organization
 November 30, 2013
 How will the geologic mapping program be impacted
 How will NASA maintain health of mapping program
 Which themes (sub-themes) will provide funds 
 How will coordination, etc. (presently overseen by 

PCGMWG) be impact by re-organization?
 January 22, 2014
 Recommend adding verbiage
 Derived from PG&G
 Acknowledges following standards and requirements, including 

GIS format, PGM meeting, and reviews
 Contact USGS Map Coordinator

 This verbiage was included (Thanks!)

Community Concerns
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 July 9, 2014 – After 2014 PGM Meeting
 Background
 Historical funding through PG&G (some DAPs)
 Reliance on USGS cartographic support (PG&G)
 One “core” program facilitated communication between 

NASA program managers and scientists
 PCGMWG has been intermediary between NASA and 

science community on technical elements of cartography
 GEMS intermediary between PCGMWG, NASA, scientists
 PCGMWG and GEMS ensures standards
 Standardized cartographic products (incl. geologic maps) 

are foundation for scientific analyses and protection of 
robotic and human assets

Community Concerns
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 July 9, 2014 – After 2014 PGM Meeting
 Concerns
 Re-structured NASA R&A programs separate geologic 

mapping-related proposals from the program that 
provides infrastructure and support
 No single point of contact at NASA
 Will PCGMWG and GEMS remain in existence as critical 

intermediary between research community and NASA
 Where will PCGMWG be “located”, who from NASA will 

lead representation, and how will institutional knowledge 
be transferred
 How will NASA continue to be informed about critical 

cartographic infrastructure related to science and 
exploration?

Community Concerns
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 July 9, 2014 – After 2014 PGM Meeting
 Recommendations
 Designate a NASA program manager as the lead 

representative to the planetary cartography and geologic 
mapping community
 Notify USGS of geologic mapping “new starts”
 Match level of “new starts” from each of the various 

NASA R&A programs with USGS
 Ensure DAPs include sufficient new funds and 

knowledgeable panel members to accommodate 
selection of geologic mapping-related science
 Create a Planetary Cartography and Geologic Mapping 

Analysis Group, or equivalent 

Community Concerns



October 21, 2014 Planetary Geologic Mapping – NASA HQ

Outline

Planetary cartography
Basic concepts
History
Topic vs. Context
Map components
Work flow
Funding
Management
Concerns
Conclusions



October 21, 2014 Planetary Geologic Mapping – NASA HQ

 Planetary geologic mapping has an 
established history
 NASA and USGS >50 years collaboration
 Thriving sub-discipline of planetary science
 Topical science ≠ contextual science maps
 “Standardized” mapping is inherently lengthy

Conclusions
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 There are more diverse maps now than ever
 Diversity requires oversight of standards
 NASA program managers need to be aware
 Geologic mapping is just one component of 

broader issues related to planetary 
cartography
 Benefit from continuity, oversight, planning, 

and communication between participants

Conclusions



Questions? Comments?


