Geologic map
standards

Harvey Thorleifson Ph.D.
Director, Minnesota Geological Survey




Much effort in mapping
goes toward depicting
land-surface features
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Some mappers look up,
to construct
meteorological charts

[

\Y
1100

% AN\, F Qr
&\ .
[ \ ) ; — lo"ﬂnlﬁ ‘ j\\
: - b
Nt } :\"‘\ s
7 o ”

=~ ! '/ to read a synoptic chart




ome mappers look
down




irst subsurface
layer is bathymetry
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Bathymetry of Lake Huron with Topography




Next, soil mapping by
agricultural agencies
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Natural Resources Conservation Service .



Then, geological
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Geological mapping, like
all of the mapping we do, is
an essential service

Energy
Minerals
Water
Hazards
Environment
Waste
Engineering
Research




Geological mapping, like
all of the mapping we do,
saves money
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lives saved 0000

resources discovered 0000
costs avoided : : ®
increased efficiency | ¢

fundamental




Future geological mapping
needs to be

Regularly updated
Zoomable
Queryable
Complete
Seamless

3D
Onshore to offshore




Preliminary Bedrock Geologic Map of Minnesota
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Resolution
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Geological mapping of
the world is coordinated
by the Commission for
the Geological Map of
COMMISSION FOR THE GEOLOGICAl the World (CGMW)




USGS Home

Contact USGS
Search USGS

National Cooperative Geologic Mapping Program

Home
Highlights

Best Student Geologic
Map Competition

Tuesday, October 29,
2013 at GSA in Denver,
CO. For more details,
please go here.

NCGMP Scientist
Receives Presidential
Honors

NCGMP FEDMAP Project
Chief Joseph Colgan is a
recent recipient of the
Presidential Early
Career Award for
Scientists and
Engineers (PECASE).
More details at the USGS
Newsroom.
Congratulations, Joe!

Celebrating Geologic Map
Day 2013

As part of Earth Science
Week, the second annual
Geologic Map Day will be
celebrated on October
18, 2013. Brought to
you by the American
Geosciences Institute
(AGI), the American

About ¥ Program Components~

What's a Geologic Map?~ Geologic Map Database Products-Standards~

National Cooperative Geologic Mapping Program

m The National Cooperative Geologic

) Mapping Program (NCGMP) is the primary
source of funds for the production of geologic
maps in the United States and provides
accurate geologic maps and three-dimensional
framework models that help to sustain and

\ improve the quality of life and economic

| vitality of the Nation and to mitigate natural

| hazards.

The NCGMP represents over 2 decades of
successful cooperation among Federal
(FEDMAP), State (STATEMAP), and university
(EDMAP) partners to deliver digital geologic
maps to customers, Each of these three
components has a unique role, yvet all work cooperatively to select and map
high-priority areas for new geologic maps.

Geologic mapping data from all of North America are presented via the
National Geologic Map Database, and a comm:
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International CERTIFIED

Organization for OGC(

Standardization COMPLIANT

Se
Standards

Users expect standardization (Kresse et al., 2012)

A standard launched too early will be overtaken; if too late,
the cost to reconcile competing solutions is great, so industry
consortia define abstract standards before development

Key principles are: do it once, do it right, and do it
internationally

Any national approach is at best preparation for an
international solution

Abstract standards are independent of operating systems,
applications, hardware, and encodings

Implementation standards determine encoding
Interface standards determine hardware or firmware

Most ISO standards are abstract; industry standards are at
the implementation or interface level
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- A conceptual model is fundamental to geographic
system design (Roswell, 2012; ISO/TS 19103:2015)

- data models define concepts, their relationships,
and how they are represented as data

- semantic elements define terminology, while
syntactic elements define structure, of discrete
and continuous features, and their attributes,
relationships, and functions, categorized as
feature types

- the model is summarized as a diagram or schema
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Encoding of geographic information according to
an application schema allows storage and
transfer (Portele, 2012)

- An encoding rule is used to create a data
structure that is system independent and suitable
for a transfer protocol such as ftp or http

Encoding rules are specified implicitly by formats
such as ESRI shapefiles, and geography markup
language (GNML)

Syztem boundary Syatemn boundary




Registration =

Registers are dictionaries and common code lists
that hold definitions applicable to datasets of
geospatial information elements that include
features, attributes, relations, and metadata
(O’'Brien and Lott, 2012; ISO 19135-1:2015)




éUSGS AASG USGSHOME CONTACTUSGS SEARCH USGS

science for a changing world ~ Association of Amercan

STANDARDS AND
DATABASES

* The National Geologic Map
Database

Information standar

e Metadata standard
o Cartographic standard
e Digital map stat}tdard
e Database standard

TopoView
Accass the Hist

NGMDB Als paFt 6PNCGMP, the

e Publication database NGMDB Project has

° Pale_ontology database coordinated development
o Lexicon database .. . . ofstandards and

e Mapping database ... - databases under the
o Corockfmaton. P leadership of Dave Soller



National Geologic Map Database

Digital Mapping Techniques Workshop

DMTZO%

May 22-25 2016, Florida State Universi

A workshop series that focuses on collegial interaction, to develop efficient and standardized methods for digital geologic mapping, publication, and GIS analysis

About the Workshop

The Digital Mapping Techniques workshop series ("DMT") brings together scientists, cartographers, and GIS specialists,
from State and Federal agencies, as well as Universities, the p' ivate sector, and international colleagues. This annual

series of workshops beganin 1997_ It is a highly regarded venua cP"H’@. I LfommC fop the
United Stad

digital mapping techniques, standards, and guidelines both in the and interr tmndllv

The workshop's objective is to foster informal discussion and «dem Pm& I OQ d gﬂﬂlﬂgzlc
develop more efficient methods for the many aspects of cr rand gerving Mtaﬁ vcoi nce nns
rds. he is

eating mdndd N
information. There is not, of course, a single "solution” or approam S
each program or group within an agency. Instead, each agency m t its own cm ﬂ:MT)n nel fundige a
many other constraints. The value of the DMT workshops and 4 Hé é:[ n bl'kéhOp,
these agency-specific approaches to digital mapping, and especmWﬁinﬁﬁ wi ﬁwé I‘dg!)d gencies
For information regarding the DMT workshops, or if you wish 0 att ouf g, pica Dave Soller

(drsoller@usgs.gov). MlnneaPOIls neXt year




Metadata standard

How will I find data, and will | know how to use it?

data about other data that assists in their discovery and use

Data Data

Producers Users
Need to Need to

search present
by topic, infoin a
place, variety of
time formats
Plain
Language

Technical
Terminology

standardized parseable
structure ﬁ format

what the data describes

by whom, why, and how

the data were created

how reliable the data are
problems remaining

how the data can be obtained
who wrote the metadata

Schweitzer, 1998; 1999; 2000; 2001



Collecting Organizing Map and

data, information, Database
in the field in the office Products
Sales
Locational Science -
accuracy ' terminology P
of features £ _sﬁ

Digital . Map . O L0«
cartography = Publication Database
Das and GIS policy r
model

Clearnghouse
Nodes
YT

guidelines for publication of digital maps as a common set
of digital files, which undergo both peer review and release
in a consistent manner (Soller et al., 1999b)

guidelines for authorship credit and citation format for
geologic maps, digital geologic maps, and associated
digital databases (Berquist, 1999; Richard, 2000; Berquist
and Soller, 2001)

NCGMP ‘Guidelines for Digital Review of a Geological Map
Database’

NCGMP ‘Guidelines for Peer Review of a Geologic Map
Product’

guidelines for citation of unpublished GIS Files (Soller,
2012)




Federal Geographic Data Committee

Geologic Data Subcommlttee ""‘;s,‘;ﬁ X's
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- defines geologic map symbols, colors,
and patterns | >

- needs to be regularly updated ix- - 7 3

- prevailing USGS standard of the early an»j- "
1990s was Hansen (1 991) [ oW i

. updated by a committee led by Mitc S s B
Reynolds (USGS, 1995a; 1995b) 71

. reviewed initiated by Soller (1996) ! -—»a"

- review process was described by ' 7
Soller and Lindquist (2000) = Z

. published in 2006 (FGDC, 2006) 5>-_~-'___'__ <
. standard undergoes ongoing - A7
maintenance \\- A



NADM

North American Geologic Map Data Model

FGDC AN ) )
5 Aljout NADI The North American Geologic Map Data Model
Map symbol (7 i1 B
W roducts
standard Pz
Sclence Language This wabsite I about dats
Symbol Data Model Design  modeis for digital gecionic Maps
- Data Interchange 3na 3ta sets. Oul
Concept Data Model Contact Us

Related Activities

implermentation. They H
' .4 . InClude POOSCHINCE language
geologic principles Descriptor conceplual, logical, and
T physical models, data
Map unit descriptions parsed into descriptor fields J‘ ‘ ' vita:vou to

gmm, main iron-formation member, laminated pafticipate Em e = 4

and thin-bedded sedimentary iron-formation
composed chigfly of quartz and magnetite

A nvph_l‘) NADM - SLTT most fn‘c/j'(,'
amphib R bundant in \
beds ne SClence terminology f member
Average Fe content about 30 pereent. Highly

magnetic. Extended wnder surficial de-
posits by magnetic surveys. Thickness,
about 150 feet

Map and legend from Bayley, R.W,, 1965, Geclogic map of the Miners Delight quadrangle, Fremont
County, Wyoming: U.S. Geological Survey Geologic Quadrangle Map GQ-460. scale 1:24.000.

- The US-Canada NGMDB Data Model working group produced a relational
and object-oriented database structure for geologic map information
(Raines et al., 1997; Johnson and others, 1998)

- The North American Geologic Map Data Model (NADM) Steering Committee

developed a prototype to more effectively manage map information (Soller
et al., 2002)

- In 2004, the NADM C1 conceptual data model was published (NADM,

2004a), and a draft standard terminology for earth materials was produced
(NADM, 2004b)

- The ESRI Geologic Mapping template was later produced by Frye and Day
(2011)

- NCGMPO9 is now the standard format for geologic maps funded by NCGMP
- GeoSciML standard is being developed on the international level
- Work also has focused on the Terminology Standard



Washington State
Division of Geology and
Earth Resources
NCGMPO09 Migration

Pilot Project

Links
Project Participants

Project Documents and
Deliverables

Sitemap

NCGMP09 and Washington State
Geology

This website hosts the deliverables
from the National Spatial Data
Infrastructure (NSDI) Cooperative
Agreements Program (CAP) grant
received by the Washington State
Division of Ceology and Earth

Resources (DCER)

The documentation includes project
reports, user-experience

documentation, geodatabases, tools,
and other materials used to execute

the project.

Thaca matariale ara fAaund in tha

Project Home

Welcome to the Project
webpage for

Transitioning to the FGDC
Draft Geologic Map
Database Standard: A
Washington State Geologic

NCGMP09 is now the
standard format for
G12AC20145, a 2012 NSDI (C«

FGDC-endorsed Standards Ir geOIoglc maps I“ the Us
This pilot project involved the dev funded by NCGMP

legacy geologic map geodatabase, from the format of the Washington State Department of Natural
n:;r;nn nf Cnnlnnn and I'-':nh pn rrrrrrrr rr\(‘.CQ\ ";n_l nnnnnn " rrhama ta tha "M("('.MD(\O" r{r:ﬁ

Survey Pilot Project

Recipient of Award Number



Commission for the Management and
Application of Geoscienca Information

<Geo$czmu>q
UG

in

davelopment and promotion of

[ Home NI i 3]
| About Us | Welcome to the CGI Current Working Groups
[Join CGI |
: A : GeoScilL - 3 collaborative OGC-CGI standards working group
{ Data Standards ] ggr:p':r::i;?t; lint: ;:zgntgt of . developing 2 geological data transfer standard - Jon
e | | gsosmnce niomaton oy | JOIN NOW ,
active community leadership, EarthResourcalL - developing 3 data transfer standsrd for
| Useful links J collaboration, education, and the mineral resources and mining information - Jon

Contact Us

geoscience information standards and best practice. Geoscience Terminology - developing multiiinguai vocabularies for

Explore our website for resources sbout data sharing, standards,
and best practice in geoscience information management.

If you have any fesdback, comments, or suggestions, pleass
send them to us vis our Contact Us page.

geosciencs and earth resources information - s

Geozcience Information in Africa [GIRAF) - 3 collzborative
network of African and global geoinformatics professionais
working together to enable geoscience information to contribute to
the enwronmental and economic orosperity of the psoole of

The Cummrssnrrrfurthe—

and data delivery topics.

Join us at the 35t IGC in Cape Town

The 257 International Geological Congress is rapidly = App
in Cape Town, 27 August — 4 September.

The CGI is coordinating a symposium at the IGC on Ge—o CIence I nfor
Cata & Information Systems, with over 40 presentations on 3 Town . Rez-mtg-m. - r nofl naminatic
wide range of digital geological data management, & \INTQF IKS Wlfh OGC tO

The CGl is also offering 3 one dsy workshop on geos dev
services, entitied "Working with Interoperable Data™ on 25
Registration costs only 800 ZAR {~50 USD). The warx
xplzin CGl and OGC geoscience dsta standards, 310
demonstrate how to apply them in delivering and consuming WS
and WFS aaeb =erwc>e= The aorkshop will be pre:ent=d by

Management and
catlon Of r= for the :Z'E—ZZ:I term are now
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CGl

Commission forthe Management and

Application of Geescience Information

OGC

Making location count.

.

GeoSciML SWG

Chair(s):

Raymond, Ollie (Geoscience Australia)
Richard, Stephen (Arizona Geological Survey)

About v

s released!

Home
g web services

Introduction to GeoSciML
GeoSciML News Archive

GeoSciML schemas

Geoscience vocabularies

Il datg - Tom basic map data tp 1o GeoSciivii Standards VWorking Grc

GeoSciML is now a data
i transfer standard for all

Group Description: I i I oy fl' D m-m .
1. IUGS-OGC GeoSciML v4.0 SWG _ geologica data &P
o How To Serve a GeoSciML v4 0 Web Feature Servlce (\ da\.tll'lq |1H|Qrgomplex LAEDG "" \:\3

o GeoSciML v4.0 Encoding Cookbook for OneGeology angefafloglcal databasgf ¥

+ Reference database




CERTIFIED

Database

standard <RESQML/>
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“An outcome of the June

; GeoBDML OGC meetings in Dublin
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NADM

North American Geologic Map Data Model

FGDC = %2 About NADM
Map symbol (7 R Products
standard Pz
Sclence Language
Symbol Data Model Design
Data Interchange
Concept Data Model o

Related Activities

geologic principles Descriptor

Map unit descriptions parsed into descriptor fields

gmm, main iron-formation member, laminated pafticipate Em e 8 A4 Y o
and thin-bedded sedimentary iron-formation

composed chigfly of quartz and magnetite The sile is managed by the North American Geologic Map Data Model (NADM)
Amphih NADM - SLTT most beds; Steering Committee ~ a consortium of American and Canadian geoscientists
amphib R bundant in \ database loners. ar velope: map information Steering
beds ne SClence terminology ;. mber ol ¥ " 0l .

Average Fe content about 30 pereent. Highly
magnetic. Extended wnder surficial de-

posits by magnetic surveys. Thickness, - ] :
about 150 feot S
Map and legend from Bayley, R.W,, 1965, Geclogic map of the Miners Delight quadrangle, Fremont ‘

County, Wyoming: U.S. Geological Survey Geologic Quadrangle Map GQ-460. scale 1:24.000.

- Ongoing efforts to require NCGMP09 compliance
under NCGMP

- Consideration regarding whether USGS should
engage with international activity

- Launch of GeoSciML 4.1 as an OGC standard

Consideration whether GeoSciML 4.1 will be able
to accommodate 3D geological maps

- OGC examination of competing 3D geology
standards




