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Introduction

By David R. Soller

U.S. Geological Survey
908 National Center
Reston, VA 20192
Telephone: (703) 648-6907
Fax: (703) 648-6937
e-mail: drsoller@usgs.gov

The Digital Mapping Techniques ‘00 (DMT’00) work-
shop was attended by 99 technical experts from 42 agen-
cies, universities, and private companies, including repre-
sentatives from 28 state geological surveys (see Appendix
A). This workshop was similar in nature to the first three
meetings, held in June, 1997, in Lawrence, Kansas (Soller,
1997), in May, 1998, in Champaign, Illinois (Soller,
1998a), and in May, 1999, in Madison, Wisconsin (Soller,
1999). This year’s meeting was hosted by the Kentucky
Geological Survey, from May 17 to 20, 2000, on the
University of Kentucky campus in Lexington. As in the
previous meetings, the objective was to foster informal dis-
cussion and exchange of technical information. When,
based on discussions at the workshop, an attendee adopts
or modifies a newly learned technique, the workshop clear-
ly has met that objective. Evidence of learning and coop-
eration among participating agencies continued to be a
highlight of the DMT workshops (see example in Soller,
1998b, and various papers in this volume).

The meeting’s general goal was to help move the state
geological surveys and the USGS toward development of
more cost-effective, flexible, and useful systems for digital
mapping and geographic information systems (GIS) analy-
sis. Through oral and poster presentations and special dis-
cussion sessions, emphasis was given to: 1) methods for
creating and publishing map products (here, “publishing”
includes Web-based release); 2) continued development of
the National Geologic Map Database; 3) progress toward
building a standard geologic map data model; 4) field data-
collection systems; and 5) map citation and authorship
guidelines. Four representatives of the GIS hardware and
software vendor community were invited to participate.

The four annual DMT workshops were coordinated by
the AASG/USGS Data Capture Working Group, which
was formed in August, 1996, to support the Association of
American State Geologists and the USGS in their effort
to build a National Geologic Map Database (see Soller
and Berg, this volume, and <http://ncgmp.usgs.gov/

ngmdbproject/standards/datacapt/>). The Working Group
was formed because increased production efficiencies,
standardization, and quality of digital map products were
needed to help the Database, and the State and Federal
geological surveys, provide more high-quality digital maps
to the public.

ACKNOWLEDGMENTS

I thank the Kentucky Geological Survey (KGS), and
their Chief and State Geologist, James Cobb, for hosting
this very productive and enjoyable meeting. I especially
thank Warren Anderson (KGS), who coordinated the meet-
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Mike Murphy, Mike Solis, Mark Thompson, Xin Yue
Yang, Geaunita Caylor, Barry Bowman, Shawn Duncan,
Mark Tyra, Sarah Hawkins, and Kim Toth (KGS and the
University of Kentucky) for helping with the meeting
logistics. I also note with gratitude the contributions of the
following individuals: Tom Berg (Chair, AASG Digital
Geologic Mapping Committee) for his help in conducting
the meeting and for his continued support of AASG/USGS
efforts to collaborate on the National Geologic Map
Database; the members of the Data Capture Working
Group (Warren Anderson, Kentucky Geological Survey;
Rick Berquist and Elizabeth Campbell, Virginia Division
of Mines and Geology; Rob Krumm and Barb Stiff,
Hlinois State Geological Survey; Scott McColloch, West
Virginia Geological and Economic Survey; Gina Ross,
Kansas Geological Survey; Dave Wagner, California
Division of Mines and Geology; and Tom Whitfield,
Pennsylvania Geological Survey) for advice in planning
the workshop’s content and the suggestions to authors;
Adam Davis (USGS) for help with the Appendices; and
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Nancy Polend for typesetting these and the previous two
Proceedings. Finally, I thank all attendees for their partici-
pation; their enthusiasm and expertise were the primary
reasons for the meeting’s success.

PRESENTATIONS

The workshop included 32 oral presentations. Nearly
all are supported by a short paper contained in these
Proceedings. Some presentations were coordinated with
Discussion Sessions, described below. The papers repre-
sent approaches that currently meet some or all needs for
digital mapping at the respective agency. There is not, of
course, a single “solution” or approach to digital mapping
that will work for each agency or for each program or
group within an agency — personnel and funding levels,
and the schedule, data format, and manner in which we
must deliver our information to the public require that each
agency design their own approach. However, the value of
this workshop, and other forums like it, is through their
role in helping to design or refine these agency-specific
approaches to digital mapping and to find approaches used
by other agencies that are applicable. In other words,
communication helps us to avoid “reinventing the wheel.”

The papers are generally organized by topic, from
field data systems through database design, standards, and
data models, to creation, management, and delivery of map
publications and data. Information about the software and
hardware referred to in these Proceedings is provided in
Appendix C.

POSTERS

More than 25 posters were exhibited throughout the
workshop. These posters provided an excellent focus for
technical discussions and support for oral presentations.
Many are documented with a paper in these Proceedings,
following the oral presentations; the other posters general-
ly provided material in support of oral presentations, and
so are not documented herein.

DISCUSSION SESSIONS

To provide the opportunity to consider a topic in some
detail, special discussion sessions are held at the DMT
workshops. This year there were two: 1) geologic map

authorship and citation guidelines, and 2) a general discus-
sion of ideas presented during the meeting. Discussion
session #1 began by revisiting the presentation of ideas
and suggestions proposed at DMT’99 by Rick Berquist
(Virginia Division of Mineral Resources,
<http://pubs.usgs.gov/openfile/0f99-386/berquist.html>).
Steve Richard’s presentation (Arizona Geological Survey,
this volume) then offered additional and new thoughts on
the subject. The ensuing discussion led to development of
a strategy — during the coming months, workshop atten-
dees will discuss in their agency the policies or informal
guidelines for map authorship and citation; these ideas will
be submitted to the Data Capture Working Group in prepa-
ration for a more focused discussion at the next Digital
Mapping Techniques workshop, hopefully leading to
development of guidelines or examples that may be con-
sidered by each agency. Session #2 provided recommen-
dations for new features to add to future DMT meetings.

THE NEXT DMT WORKSHOP

At discussion session #2, it was decided that a fifth
annual DMT meeting would be held next year, hosted by
the Geological Survey of Alabama. While planning for
that event, the Data Capture Working Group will carefully
consider the recommendations offered by DMT’00 atten-
dees.
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DOQ’s are made from NAPP photographs, and basic
revision compilers also use stereopairs of the original pho-
tographs to assist with feature interpretation. The current
NAPP plan calls for full coverage of the continental
United States in 7 years (1997-2003). This schedule is
subject to availability of funding, including State coopera-
tive funding (U.S. Geological Survey, 1996).

It is not necessarily the case that a DOQ made from
the most recent photography exists. The NAPP, the DOQ
program, and the map revision program are not closely
coupled; each has its own customer base and its own fund-
ing sources. Nonavailability of recent aerial photographs,
a recent DOQ, or the control needed to make a DOQ can
make it impossible to revise a particular map.

The photographs for the original 7.5-minute program
usually had scales that range from 1:15,000 to 1:25,000.
The NAPP photographs used for revision have an average
scale of approximately 1:40,000. The smaller scale has
some effects on the accuracy of the revision, especially on
contour updates.

Other Government Agencies

The USGS depends on other agencies for some types of
data, particularly boundaries. When a map is authorized for
revision, requests for up-to-date boundary information are sent
to Federal, State, and local government agencies. The elapsed
time between requesting and receiving these data can be a sig-
nificant factor in the total time required to revise a map.

State agencies participating in cooperative mapping
projects may also elect to do field verification work to
improve the accuracy and completeness of the map con-
tent.

Geographic Names Information System

The Geographic Names Information System (GNIS)
database is the official repository of feature names for the
United States. Names and feature locations are checked
against the GNIS and changes are included on every topo-
graphic map revision.

Earth Science Corps

The USGS has a volunteer program that allows private
citizens to contribute to the earth science mission of the
agency. The Earth Science Corps is the field component
of the volunteer program, and it includes an ongoing map
annotation project where volunteers collect new informa-
tion to be used in the National Mapping Program. As of
October 1999, about 3,100 quadrangles had been assigned
to 2,400 volunteers.

CONTOUR UPDATES

Elevation contour lines are the signature feature of
USGS topographic maps. Much of the other information
on a 7.5-minute map can be found on other types of maps,
but until the recent development of airborne laser and
radar ranging technologies, there were no other sources of
elevation data with comparable coverage and accuracy.

The USGS map revision programs have always
assumed that topography is much more stable than
planimetry. A new road or subdivision disturbs the land
surface slightly, but rarely is the disturbance enough to
warrant major revision of contour lines with 10-, 20-, or
40-foot intervals. The current map revision program is
explicitly tied to DOQ’s, and contours cannot be revised
from these monoscopic images.

Basic revision follows these guidelines for revising
contours:

- Contours are revised only as part of joint funding
agreements; that is, only when another agency is
willing to share the cost. Revising contours can
increase the cost of a revision by 50 to 100 per-
cent.

- The contour overlay is not completely recompiled
but rather is updated in areas of significant topo-
graphic change. The original map base is used for
vertical control.

- In areas of insignificant topographic change, “logical
contouring” is used to preserve registration with
other features. For example, contours are squared
across new roads and routed around new ponds
without stereorecompilation.

Contours are revised with NAPP stereophotographs,
which are usually smaller scale than the photographs used
to compile the original contours. Therefore, improving the
accuracy of existing contours is usually not possible except
in areas of very significant surface disturbance. This is
consistent with the overall objectives of the revision pro-
gram, which are to maintain the horizontal and vertical
accuracy of the existing map.

Most basic revisions do not include contour updates
(fig. 3), which means that the topography and planimetry
on the revised graphic have different currentness dates. In
some cases, this leads to glaring visual artifacts, such as
contour lines in large water bodies or new islands with no
topography.

ACCURACY OF REVISED MAPS

The USGS originally compiled topographic maps
using procedures designed to meet the National Map
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Accuracy Standards (NMAS). Basic revision procedures
were originally designed to retain the accuracy of the
existing map but not necessarily to improve it. This objec-
tive has shifted in the last 2 years, and now the horizontal
accuracy goals of basic revision are that the revised map
should be at least as accurate as the previous version and
that all features should match the DOQ to within at least
73 feet. Both goals are evaluated by statistically compar-
ing the map to the DOQ.

Contours and spot elevations also were originally
compiled to meet the NMAS. At present, the USGS has
no testing program to systematically evaluate the vertical
accuracy of either the original or revised map. When there
is some external reason to believe that contours may not
meet NMAS, attempts are made to evaluate the data
against independent and higher order control.

Significantly improving the quality of contour data is
extremely difficult because of the nonavailability of large-
scale aerial photographs and vertical control that is inde-
pendent of the original map base.

CONCLUSIONS

Although as many as 1,500 7.5-minute quadrangles
per year are being revised, none of these are complete revi-
sions. Very few revisions include contour updates, new
control, or field verification of content.

Map revision standards and procedures currently in
place will be used for at least several more years. The
USGS has no specific plans to return to a program of new
mapping by collecting new control and doing new field
verification. In order to revise a greater number of maps
with available funding, topographic map revision will con-
tinue to be done with remote and secondary sources for the
foreseeable future.

RELEVANT WEB SITES

For further information, please consult these web
sites:

- USGS Topographic Map Information —
<http://mcmcweb.er.usgs.gov/topomaps>

- Digital Orthophoto Quads (DOQs) —
<http://mcmcweb.er.usgs.gov/status/doq_stat.html>

- National Aerial Photography Program (NAPP) —
<http://fedcwww.cr.usgs.gov/napp/napp_examples.html>
<http://mcmcweb.er.usgs.gov/status/napp_stat.html>

- Geographic Names Information System (GNIS) —
<http://mapping.usgs.gov/www/gnis/>

- Earth Science Corps —
<http://interactive.usgs.gov/Volunteer/
EarthScienceCorps/>

REFERENCES

Bohme, Rolf, 1989, Inventory of World Topographic Mapping.
Published on behalf of the International Cartographic
Association by Elsevier Applied Science Publishers.

National Research Council, 1990, Spatial Data Needs: The
Future of the National Mapping Program: National
Academy Press, Washington, D.C., 88 p.

Schwartz, S.I. and Ehrenberg, R.E, 1980, The Mapping of
America: New York, H.N. Abrams.

U.S. Geological Survey, 1996, The National Aerial Photography
Program (NAPP): U.S. Geological Survey, 2 p. [fold out
brochure].



The National Geologic Map Database: A Progress Report

By David R. Soller! and Thomas M. Berg?

1U.S. Geological Survey
908 National Center
Reston, VA 20192
Telephone: (703) 648-6907
Fax: (703) 648-6937
e-mail: drsoller@usgs.gov

20hio Geological Survey
4383 Fountain Square Dr.
Columbus, OH 43224
Telephone: '(614) 265-6988
Fax: (614) 268-3669
e-mail: thomas.berg@dnr.state.oh.us

The Geologic Mapping Act of 1992 and its reautho-
rizations in 1997 and 1999 (PL106-148) require that a
National Geologic Map Database (NGMDB) be designed
and built by the U.S. Geological Survey (USGS), with the
assistance of the state geological surveys and other entities
participating in the National Cooperative Geologic
Mapping Program. The Act notes that the NGMDB is
intended to serve as a “national archive” of geologic maps,
to provide the information needed to address various soci-
etal issues. The Act required the NGMDB to also include
the following related map themes: geophysics, geochem-
istry, paleontology, and geochronology. In this progress
report, the term “geoscience” is used to refer to these five
map themes.

In mid-1995, the general stipulations in the Act were
addressed in the proposed design and implementation plan
developed within the USGS and the Association of
American State Geologists (AASG). This plan was sum-
marized in Soller and Berg (1995). Because many maps
are not yet in digital form and because many organizations
produce and distribute geologic maps, it was decided to
develop the NGMDB in several phases. The first and most
fundamental phase is a comprehensive, searchable catalog
of all geoscience maps in the United States, in either paper
or digital format. The users, upon searching the NGMDB
catalog and identifying the map(s) they need, are linked to
the appropriate organization for further information about

how to procure the map. (The organization could be a par-
ticipating state or federal agency, association, or private
company.) The map catalog is presently supported by two
databases developed under the NGMDB project: 1)
GEOLEX, a searchable geologic names lexicon; and 2)
Geologic Mapping in Progress, which provides informa-
tion on current mapping projects, prior to inclusion of their
products in the map catalog. The second phase of the pro-
ject focuses on public access to digital geoscience maps,
and on the development of digital map standards and
guidelines needed to improve the utility of those digital
maps. The third phase proposes, in the long term, to
develop an online, “living” database of geologic map
information at various scales and resolution. The third
phase is discussed in a separate paper in these proceedings.
In late 1995, work began on phase one. The forma-
tion of several Standards Working Groups in mid-1996 ini-
tiated work on phase two. Progress was summarized in
Soller and Berg (1997, 1998, 1999a, and 1999b). At the
Digital Mapping Techniques ‘98, ‘99, and ‘00 workshops,
a series of presentations and discussion sessions provided
updates on the NGMDB and, specifically, on the activities
of the Standards Working Groups. This report summarizes
progress since mid-1999. Further and more current infor-
mation may be found at the NGMDB project-information
Web site, at <http://ncgmp.usgs.gov/ngmdbproject>. The
searchable database is available at <http:/ngmdb.usgs.gov>.

27
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PHASE ONE

The Map Catalog

The map catalog is designed to be a comprehensive,
searchable catalog of all geoscience maps of the United
States, in paper or digital format. Entries to the catalog
include maps published in geological survey formal series
and open-file series, maps in book publications, maps in
theses and dissertations, maps published by park associa-
tions and scientific societies, maps published by other
agencies, and publications that do not contain a map but
instead provide a geological description of an area (for
example, a state park). The catalog now contains a record
for each of nearly 26,000 map products. Essentially 100%
of all USGS maps have been recorded in the catalog, and
in the past year emphasis shifted to assist the State geolog-
ical surveys to enter all other maps into the catalog. By
the date of the DMT’00 meeting, geological surveys in
eight states (Arizona, Illinois, Minnesota, Nevada, New
York, Ohio, Oklahoma, and West Virginia) were entering
map records, as well as one University (Stanford); signifi-
cantly more participation is anticipated in the coming
months. [Note: as of early September, 2000, a total of 20
states were participating; the newly-contributing states
were Arkansas, California, Colorado, Delaware, Florida,
Kansas, Nebraska, Pennsylvania, South Dakota, Vermont,
Washington, and Wyoming.] Web usage statistics indicate
since entry of all USGS maps a clear increase in multiple
visits to the site per month. This suggests the site is
becoming a more useful resource, and additional increases
in use are expected as the state geological survey maps are
entered into the catalog.

Numerous enhancements were made this year to soft-
ware and hardware, which is anticipated to increase the
useability of the search engine and the Search Results
pages, and to decrease the response time to the Web user.
Auvailability of each USGS product is now tracked, and if
the product is out-of-stock or out-of-print, users are direct-
ed to a list of depository libraries. New search criteria
include product publisher, date of publication (specific or a
range), and a map scale (specific or a range).

Geologic Names Lexicon

The searchable, on-line, geologic-names lexicon
(“GEOLEX”) now contains roughly 90% of the geologic
names found in the most recent listing of USGS-approved
geologic names (published in 1996 as USGS Digital Data
Series DDS-6, revision 3) and is estimated to contain
roughly 75% of all geologic names in the United States.
Prior to loading into GEOLEX, the information on DDS-6
was consolidated, revised, and error-corrected. In the past
year, work focused on resolving name conflicts and adding
reference summary and other information for each entry.

Work remaining includes incorporating geologic names not
found on DDS-6 but recorded in the geologic names card
catalog at USGS Headquarters, and incorporating names
approved by the State geological surveys but not yet in the
USGS records. GEOLEX is intended to be the compre-
hensive, authoritative listing of approved geologic names,
and is available as a resource for geologic mappers nation-
wide. Many state geological surveys have been registering
new geologic names with the USGS for decades, and are
encouraged to continue under GEOLEX, through a Web-
based application form that will be introduced later this
year.

Geologic Mapping in Progress Database

To provide users with information about current map-
ping activities at 1:24,000- and 1:100,000-scale (1:63,360-
and 1:250,000-scale in Alaska), a Geologic Mapping in
Progress Database was developed and contains projects
active in 1998. The database will be updated later this
year, and a publication prepared that explains its content.

PHASE TWO

Most efforts related to phase two have been directed
toward the development of standards and guidelines need-
ed to help the USGS and state geological surveys more
efficiently produce digital geologic maps, and to produce
those maps in a more standardized and common format
among the various map-producing agencies. Significant
progress has been made toward developing some of these
standards and guidelines, and to providing map catalog
users with access to online products.

Standards Development

The following summaries concern activities of the
AASG/USGS Standards Working Groups and their succes-
sors. General information about the Working Groups, and
details of their activities, are available at
<http://ncgmp.usgs.gov/ngmdbproject>.

Geologic Map Symbolization

A draft standard for geologic map line and point sym-
bology and map patterns and colors, published in a USGS
Open-File Report in 1995, was in 1996 reviewed by the
AASG, USGS, and Federal Geographic Data Committee
(FGDC). It was revised by the NGMDB project team and
members of the USGS Western Region Publications Group
and was circulated for internal review in late 1997. The
revised draft then was prepared as a proposed Federal stan-
dard, for consideration by the FGDC. The draft was, in
late 1999 through early 2000, considered and approved for
public review by the FGDC and its Geologic Data



THE NATIONAL GEOLOGIC MAP DATABASE: A PROGRESS REPORT 29

Subcommittee. The document was released for public
comment within the period May 19 through September 15,
2000 (see <http://ncgmp.usgs.gov/fgdc_gds/mapsymb/>
for the document and information about the review
process). This standard is described in some detail in a
separate paper in these Proceedings (Soller and Lindquist).

Digital Mapping

The Data Capture Working Group has coordinated
four annual “Digital Mapping Techniques” workshops for
state, federal, and Canadian geologists, cartographers, and
managers. These meetings have been highly successful,
and have resulted in adoption within agencies of new,
more efficient techniques for digital map preparation,
analysis, and production. The most recent workshop, held
in Lexington, Kentucky, and hosted by the Kentucky
Geological Survey, was attended by 98 representatives of
41 state, federal, and Canadian agencies and private com-
panies. The workshop proceedings are published (Soller,
1997, 1998, 1999, and this volume) and served on-line
(<http://ncgmp.usgs.gov/pubs/of97-269>;
<http://pubs.usgs.gov/openfile/of98-487>;
<http://pubs.usgs.gov/openfile/of99-386>, and
<http://pubs.usgs.gov/openfile/of00-325>. Copies of the
Proceedings may be obtained from Soller or Berg.

Map Publication Requirements

Through the USGS Geologic Division Information
Council, one of us (Soller) led development of the USGS
policy “Publication Requirements for Digital Map
Products” (enacted May 24, 1999). A less USGS-specific
version of this document was developed by the
AASG/USGS Data Information Exchange Working Group
and presented for technical review at a special session of
the Digital Mapping Techniques ‘99 workshop (Soller and
others, 1999). The revised document (entitled “Proposed
Guidelines for Inclusion of Digital Map Products in the
National Geologic Map Database”) is now under review by
the AASG Digital Geologic Mapping Committee for con-
sideration as a guideline for newly-produced maps avail-
able through the NGMDB.

Metadata

The Metadata Working Group developed its final
report in 1998. The report provides guidance on the cre-
ation and management of well-structured formal metadata
for digital maps (see <http:// ncgmp.usgs.gov/
ngmdbproject/standards/metadata/metaWG.html>). The
report contains links to metadata-creation tools and general
discussions of metadata concepts (see, for example, the
metadata-creation tools, “Metadata in Plain Language™ and
other helpful information at
<http://geology.usgs.gov/tools/metadata/>.

Geologic Map Data Model

State and USGS collaborators on the NGMDB contin-
ue to serve as representatives to the North American Data
Model Steering Committee (NADMSC), assisting in the
process of developing, refining, and testing the North
American Geologic Map Data Model. The NADMSC has
now formed various technical teams to conduct specific
tasks within a one-year period, and longer time-frames. If
interested, please visit the NADMSC web site,
<http://geology.usgs.gov/dm/>. More information is pro-
vided in a separate paper in these Proceedings.

Access to Online Products

Through searches of the NGMDB map catalog, users
now can be directed to web sites for perusal of online
products. This enhancement is now available for USGS
products served on USGS Regional Publications Servers,
and for metadata served on the USGS Clearinghouse node.
At this time, more than 330 links exist to online map prod-
ucts and their metadata.

FURTHER INFORMATION

Separate discussions of 1) the public review of the
geologic map symbolization standard; 2) the NGMDB
Phase 3 activities; 3) the NGMDB Geologic Names
Lexicon; and 4) the North American Geologic Map Data
Model are available in these Proceedings. Please also refer
to the NGMDB project information web site,
<http://ncgmp.usgs.gov/ngmdbproject/>, for more current
information.
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APPENDIX 1.

Published U.S. Geologic Names Lexicons

1. Weeks, F.B., 1902, North American geologic forma-
tion names; bibliography, synonymy, and distribu-
tion: U.S. Geological Survey Bulletin 191, 448 p.

2. Wilmarth, M.G., 1938, Lexicon of geologic names
of the United States (including Alaska): U. S.
Geological Survey Bulletin 896, pt. 1, A-L, p. 1-
1244; pt. 2, M-Z, p. 1245-2396.

3. Wilson, Druid, Sando, W.J., Kopf, R.W., and others,
1957, Geologic names of North America intro-
duced in 1936-1955: U.S. Geological Survey
Bulletin 1056-A, p. 1-405.

4. Wilson, Druid, Keroher, G.C., and Hansen, B.E.,
1959, Index to the geologic names of North
America: U.S. Geological Survey Bulletin 1056-B,
p- 407-622.

5. Keroher, G.C., and others, 1966, Lexicon of geolog-
ic names of the United States for 1936-1960: U.S.
Geological Survey Bulletin 1200, pt. 1, A-F, p. 1-
1448; pt. 2, G-O, p. 1449-2886; pt. 3, P-Z, p.
2887-4341.

6. Keroher, G.C., 1970, Lexicon of geologic names of
the United States for 1961-1967: U.S. Geological
Survey Bulletin 1350, 848 p.

7. Luttrell, G.W., Hubert, M.L., Wright, W.B., Jussen,
V.M., and Swanson, R.-W., 1981, Lexicon of geo-
logic names of the United States for 1968-1975:
U.S. Geological Survey Bulletin 1520, 342 p.

8. Swanson, R.W., Hubert, M.L., Luttrell, G.W., and
Jussen, V.M., 1981, Geologic names of the United
States through 1975: U.S. Geological Survey
Bulletin 1535, 643 p.

9. Luttrell, G.W., Hubert, M.L., and Jussen, V.M.,
1986, Lexicon of new formal geologic names of
the United States 1976-1980: U.S. Geological
Survey Bulletin 1564, 191 p.

10. Luttrell, G.W., Hubert, M.L., and Murdock, C.R.,
1991, Lexicon of new formal geologic names of
the United States 1981-1985: U.S. Geological
Survey Bulletin 1565, 376 p.

11. Mac Lachlan, M.E., and others, 1996,
Stratigraphic nomenclature databases for the
United States, its possessions, and territories: U.S.
Geological Survey Digital Data Series DDS-6,
Release 3, 1 CD ROM.

APPENDIX 2.
Glossary of Modifications* to Geologic Names

1. ABANDONED. Author(s) provides sufficient justi-
fication to abandon name and make recommenda-
tions for replacement name(s) in accordance with
the NACSN 1983 Code. Please include reasons for
abandonment and replacement names. Not used
for restriction of areal extent. (ALSO SEE “NOT
USED” AND “AREAL LIMITS”)

2. ADOPTED (USGS). A USGS author may adopt a
unit name for USGS usage by citation [i.e., explicit
statement of intent to name a new unit or adopt the
previously published unit usage of another (non-
USGS) author] in a formal publication. It is the
author’s responsibility to determine whether the
unit, as previously defined (by a non-USGS
author), is properly defined according to NACSN
1983 Code,; if it has not been sufficiently defined,
additional information must be included to con-
form with the NACSN and USGS standards.

3. AGE MODIFIED. Age of unit has been changed
or refined either regionally or locally. Please
include evidence for age change. (ALSO SEE
“BIOSTRATIGRAPHIC DATING” AND “ISO-
TOPIC DATING”)

4. AREAL LIMITS. Geographic extension or
restriction of unit on surface and/or in subsurface.
Also used when report discusses known areal
extent of unit. Please note scale and includsion of
geologic or isopach maps in report.

5. BIOSTRATIGRAPHIC DATING. Age determi-
nation of unit based on recognition of index fossils
or biozonal assignment. Does not include mere
mention of fossils. Please include fossil types.
(ALSO SEE “AGE MODIFIED”)

6. ISOTOPIC DATING. Numerical age of unit
determined from isotopic ratios, fission tracks, and
other age-related phenomena. Please include dat-
ing technique and error values. (ALSO SEE “AGE
MODIFIED”)

7. NOT USED. Unit name has been rejected (but not
formally abandoned) by author, in preference to
another name. Please include reason for non-use,
if stated in report. (ALSO SEE “ABANDONED”)

8. OVERVIEW. Report includes detailed local or
regional information (i.e., measured sections,
source, environment of deposition, thickness of
unit). Also used to indicate continued use of an
old, but seldom used name. Please note inclusion
of geologic, isopach, or areal extent maps; cross
sections; correlation charts or history-of-use charts;
or other pertinent figures in report.
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9. PALEOMAGNETICS. Determinations based on

remnant-magnetic properties; most commonly
polarity (normal or reversed). Please include
dipole-field-pole position, non-dipole component,
and field intensity if possible.

10. PRINCIPAL REFERENCE (SECTION,

LOCALITY, OR AREA). Principal reference is
designated in report. Generally applies to units for
which no type locality has been previously desig-
nated. Please include measured section(s); descrip-
tion of lithology, contacts, and thickness. Also,
note pertinent figures in report. (ALSO SEE
“REFERENCE”)

11. REFERENCE (SECTION, LOCALITY, OR

AREA). Addendum to the type or principal refer-
ence section. Provides further thickness and litho-
logical information. Please include description of
rocks at reference section(s). Also, note pertinent
figures in report. (ALSO SEE “PRINCIPAL REF-
ERENCE”).

12. REDESCRIBED OR REDEFINED. Unit com-

position is changed due to geochemical analyses,
detailed mapping, etc. Descriptive lithic or rank

term changed because of change in dominant
lithology. (ALSO SEE “REVISED”).

13. REVISED. Applied when stratigraphic rank, con-
tacts (new name applied to rocks below or above),
affiliations (divided into units of lesser rank;
assigned to a unit of higher rank), or spelling of
name has been changed. (ALSO SEE
“REDESCRIBED OR REDEFINED”)

14. REINSTATED. Reserved for reinstatement of
abandoned names in accordance with the NACSN
1983 Code. Original definition may be accepted or
modified in report. Please include reasons for rein-
statement.

* Adapted from Mac Lachlan, M.E., and others, com-
pilers, 1996, Stratigraphic nomenclature databases for the
United States, its possessions, and territories: U.S.
Geological Survey Digital Data Series, DDS-6, Release 3,
and North American Commission on Stratigraphic
Nomenclature, 1983, North American stratigraphic code:
American Association of Petroleum Geologists Bulletin, v.
67, no. 5, p. 841-875.
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Cartographic Standard for Geologic Map Symbolization”
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908 National Center
Reston, VA 20192
Telephone: (703) 648-6907
Fax: (703) 648-6937
e-mail: drsoller@usgs.gov

2U.S. Geological Survey
345 Middlefield Rd, MS 951
Menlo Park, CA 94025
Telephone: (650) 329-5061
Fax: (650) 329-5051
e-mail: tinquist@usgs.gov

From May 19 through September 15, 2000, the
Federal Geographic Data Committee’s Geologic Data
Subcommittee is conducting a public review of a proposed
digital cartographic standard for geologic map symboliza-
tion. [The Geologic Data Subcommittee of the Federal
Geographic Data Committee (FGDC) is responsible for
coordination of geologic data-related activities among
Federal agencies. The Subcommittee promotes the collec-
tion, use, sharing, and dissemination of geologic map
information.] Comments and guidance are welcomed from
all interested parties including members of the general
public, private companies and consultants, state geological
surveys, and other government agencies. After the public
review, all comments will be considered and the draft will
be revised accordingly. If all comments have been
addressed to the FGDC'’s satisfaction, the revised draft
then will be approved as a Federal standard.

WHY DO WE NEED A STANDARD?

This draft standard is intended to provide to the
Nation’s producers and users of geologic-map information
a single, modern standard for the digital cartographic rep-
resentation of geologic features. The objective in develop-
ing this national standard for geologic map symbols, col-
ors, and patterns is to aid in the production of geologic

maps and related products, as well as to help provide maps
and products that have a consistent appearance.

If approved by the FGDC following the public review
period, this draft standard will apply to geologic-map
information published by the Federal government in both
offset-print and plot-on-demand formats. It also is suitable
for use in electronic publications (for example, in a
Portable Document Format (PDF) file) and for display by
computer monitors. Non-Federal agencies and private
companies that produce geologic-map information are
urged to adopt this standard as well.

DEVELOPING THE STANDARD

This new draft standard has been developed by mem-
bers of the USGS Geologic Division’s Western
Publications Group and National Geologic Map Database
(NGMDB) project (Table 1). It draws heavily upon previ-
ous work by USGS geologic and cartographic personnel
(U.S. Geological Survey, ca. 1975 and 1995), and the
standards-development group gratefully acknowledges
their contributions. In particular, we acknowledge
Mitchelil Reynolds (USGS, retired) for leading the prepara-
tion of the previous draft (U.S. Geological Survey, 1995).

In 1995, a proposed standard was informally released
by the USGS (U.S. Geological Survey, 1995). In 1996,
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Table 1. Preparers of This Draft Standard. Unless otherwise noted, each individual contributed to both the Working

Draft and the Public Review Draft.

David R. Soller (USGS; Chief, National Geologic Map Database)—Coordinator, FGDC draft standard develop-

ment.

Taryn A. Lindquist (USGS; Digital Map Specialist, Western Publications Group)—Editor and compiler, FGDC
draft standard document; coordinator, PostScript and Arcinfo implementations; designer, line symbols for

PostScript and Arcinfo implementations.

Sara Boore (USGS; Publication Graphics Specialist, Western Publications Group)—Designer, FGDC draft stan-
dard document, point and line symbols, color charts and patterns for PostScript implementation.

F. Craig Brunstein (USGS; Geologic Map Editor, Central Publications Group)—Technical reviewer, FGDC

Working Draft.

Alessandro J. Donatich (USGS; Geologic Map Editor, Central Publications Group)—Technical reviewer, FGDC

Working Draft.

Kevin Ghequiere (USGS; Cartographer, Western Publications Group)—Designer, patterns for PostScript imple-

mentation.

Richard D. Koch (USGS; Digital Map Specialist, Western Publications Group)—Designer, point symbols for

Arclnfo implementation, geologic age symbol font.

Diane E. Lane (USGS; Geologic Map Editor, Central Publications Group)—Technical reviewer, FGDC Working

Draft.

Susan E. Mayfield (USGS; Publication Graphics Specialist, Western Publications Group)—Designer, FGDC
draft standard document, color charts and patterns for PostScript implementation.

Kathryn Nimz (USGS; Digital Map Specialist, Western Publications Group)—Designer, patterns for PostScript

and Arclnfo implementations.

Glenn Schumacher (USGS; Publication Graphics Specialist, Western Publications Group)—Designer, bar
scales, mean declination arrows, and quadrangle location maps.

Stephen L. Scott (USGS; Publication Graphics Specialist, Western Publications Group)—Designer, FGDC draft
standard document, point symbols and line symbols for PostScript implementation.

Will Stettner (USGS; Cartographer, Eastern Publications Group)—Technical reviewer, FGDC Working Draft.

José F. Vigil (USGS; Motion Graphics Specialist, Western Publications Group)—Designer, geologic age symbol

font.

Jan L. Zigler (USGS; Geologic Map Editor, Western Publications Group)—Technical reviewer, FGDC Working

Draft.

this proposed standard was formally reviewed by geolo-
gists and cartographers in the USGS, the Association of
American State Geologists (AASG), which represents the
state geological surveys, and the FGDC’s Geologic Data
Subcommittee (GDS), which is composed mostly of repre-
sentatives from Federal agencies that produce or use geo-
logic map information. That review (Soller, 1996) indicat-
ed the need for some revision to the proposed standard
prior to its consideration by the FGDC for adoption as a
Federal standard.

In 1996, plans were outlined to create a revised and
updated Federal standard, and the standards-development
group was formed. A proposal to develop the revised stan-
dard was submitted by the FGDC’s GDS (see
<http://ncgmp.usgs.gov/fgdc_gds/mapsymbprop.html>),
and the FGDC accepted that proposal in 1997. Later that
year, the standards-development group produced a prelimi-
nary, beta version of the draft standard, which was circu-
lated among selected USGS and state geological survey
personnel for review. Comments were incorporated and,
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8. Foliation

8.1 Foliation and Layering in Igneous Rock
8.2 Foliation and Layering in Metamorphic Rock

9. Lineation

10.

11.

12.
13.
14.
15.
16.
17.
18.
19.

20.
21.
22.
23.
24,
25.
26.

27.
28.
29.
30.
31.
32.
33.

34.
35.
36.

37.

38.

Paleontological Features
10.1 Fossil Localities; Biostratigraphic Zone Boundary
10.2 Fossil Symbols
Isopleths
11.1 Lines of Equal Physical or Chemical Properties
11.2 Geophysical and Structure Contours
Fluvial and Alluvial Features
Glacial and Glaciofluvial Features
Periglacial Features
Lacustrine and Marine Features
Eolian Features
Landslide and Mass-Wasting Features
Volcanic Features
Natural Resources
19.1 Veins and Mineralized Areas; Metamorphic Facies Boundary; Mineral Resource Areas
19.2 Areas of Extensively Disturbed Ground and Workings as Mapped Units
19.3 Mining and Mineral-Exploration Symbology
19.4 Mines and Underground Workings
19.5 Oil and Gas Fields; Wells Drilled for Hydrocarbon Exploration or Exploitation
Hazardous Waste Sites
Neotectonic and Earthquake-Hazard Features
Plate-Tectonic Features
Miscellaneous Uplift and Collapse Features
Terrestrial Impact-Crater Features
Planetary Geology Features
Hydrologic Features
26.1 Hydrography and Hydrologic Feature Identification Symbology
26.2 Water Wells
26.3 Water Gaging Stations
26.4 Quality-of-Water Sites
26.5 Springs
26.6 Miscellaneous Hydrologic Symbols
Weather Stations
Transportation Features
Boundaries
Topographic Features
Miscellaneous Map Elements
Pattern Chart (Plate B)
Suggested Stratigraphic-Age and Volcanic Map-Unit Colors
33.1 Stratigraphic-Age Map-Unit Colors
33.2 Volcanic Map-Unit Colors
CMYK Color Chart (Plate A)
Bar Scales
Mean Declination Arrows
36.1 Magnetic North, East of True North
36.2 Magnetic North, West of True North
Quadrangle Location Maps
37.1 Individual States; District of Columbia; Guam; Puerto Rico; U.S. Virgin IsIands
37.2 Conterminous States
Geologic Age Symbol Font (“StratagemAge”)
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Developing the National Geologic Map Database,
Phase 3 — an Online, “Living” Database of Map Information

By David R. Soller!, Thomas M. Berg?2, and Ron WahlI3
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20hio Geological Survey
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3U.S. Geological Survey
Box 25046, Denver Federal Center, MS 913
Denver, Co 80225
Telephone: (303) 236-1320
Fax: (303) 0214
e-mail: rwahl@usgs.gov

The provisions of the Geologic Mapping Act of 1992
and its reauthorizations in 1997 and 1999 (PL106-148)
require the U.S. Geological Survey (USGS) to design and
build a National Geologic Map Database (NGMDB), with
the assistance of the state geological surveys and other
entities participating in the National Cooperative Geologic
Mapping Program. After discussion among the principal
architects of the NGMDB, a general plan for its initial
design and evolution was proposed (Soller and Berg,
1995); minor updates to the plan, enhancements, and
progress reports have been available yearly since 1997
(Soller and Berg, 1997, 1998, 1999a, 1999b, and this vol-
ume).

The NGMDB design identifies three phases to the
project; these phases are complementary in nature.
Because many maps are not yet in digital form and
because many organizations produce and distribute geolog-
ic maps, it was decided to first identify and catalog all
geoscience maps in the United States, in either paper or

digital format. This first phase, a searchable map catalog,
is the most fundamental aspect of the NGMDB:; it enables
users to identify whether a map has been produced for
their area and/or theme of interest. The map catalog
presently is supported by two databases developed under
the NGMDB project: 1) GEOLEX, a searchable geologic
names lexicon; and 2) Geologic Mapping in Progress,
which provides information on current mapping projects,
prior to inclusion of their products in the map catalog.
The second phase of the project focuses on public access
to digital geoscience maps, and on the development of dig-
ital map standards and guidelines needed to improve the
utility of those digital maps.

Although these activities produce valuable information
for the public and the geoscience community, to most of us
the “National Geologic Map Database” brings to mind the
image of an online database containing geologic map
information that can be queried, customized for display,
and downloaded. Further, the map information in the data-
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base would be a coherent whole composed of the best
information compiled from various map sources. The
database would be updated as new maps are published and
so could be termed a “living” database. Work on the third
phase has begun, and is the subject of this paper.

GENERAL CONCEPTS AND
REQUIREMENTS

Over the past few decades, significant advances in
computer technology now permit complex spatial informa-
tion to be stored, managed, and analyzed to the satisfaction
of a growing number of geoscientists. At the beginning of
the NGMDB project, we judged that computer-based map-
ping was not a sufficiently mature discipline to permit us
to develop an online database. Further, technology for dis-
play and query of complex spatial information on the Web
was in its infancy, and hence was not seriously considered
by the NGMDB project as a viable means of delivering
useful information to the general public. Now, five years
after the project’s inception, there exists sufficient digital
geologic map data, sufficient convergence on standard data
formats, data models, and digital mapping practices, and
sufficient technological advances in Internet delivery of
spatial information to warrant a research effort aimed at
building a prototype, online National Geologic Map
Database.

To design an online database, the project has held
numerous discussions with geoscientists and the general
public, to gauge interest in an online database, and to
define its scope. Based on these discussions, it is clear
that this database should be:

1) built from edge-matched geologic maps at various

scales,

2) managed and accessed as a coherent body of map
information, not just as a set of discrete map prod-
ucts,

3) updated by mappers and/or a committee, “on the
fly” when new information becomes available,

4) standardized, adhering to a standard data model and
with standard scientific terminology, and

5) available to users via Internet browsers and com-
mon GIS tools (e.g., ArcExplorer).

Compiling a “Living” Database

The United States is, of course, rarely mapped as a
single entity. Instead, the U.S. is covered with a “patch-
work quilt” of geologic maps at various scales. These
maps range mostly from 1:24,000-scale to more than
1:1,000,000-scale. Of these maps, those of most recent
vintage and greatest detail tend to be favored for applica-
tion to societal issues. However, only at the most regional
scale do geologic maps cover any appreciably contiguous
area. The challenge in utilizing the existing stock of geo-

logic maps for societal issues lies in the necessary compro-
mise between map “quality” and areal coverage — those
maps of highest societal utility tend to be the most modern
and detailed maps; for most areas, these maps are unavail-
able and so older, less detailed maps must be used instead.
However, for many scientific uses, such as regional, synop-
tic studies of large-scale earth science trends and societal
issues, more regional mapping is preferred.

Because of these realities, a geologic map database
must be comprehensive in its content, providing access to
all available geologic maps regardless of scale. These
maps should be made available in several forms:

- First, and most basic, each of the published maps
that comprise the Database should remain available
to the user, in part because it represents a formal,
approved document.

- Second, maps of the same scale (e.g., 1:24,000 or
1:100,000) should be available as a coherent body
of information. This would entail the integration
of all such maps into a single map at each scale.

- Third, maps of all scales should be compiled into a
single entity that provides, for each area of the
Nation, the best available map information. This
integrated map will indeed be a patchwork quilt of
information, as the best available map of a given
area varies widely in scale and vintage across the
Nation.

Both the second and third characteristics of the map
database will require a group of scientists and/or a com-
mittee to oversee the compilation of this body of informa-
tion and its attendant metadata. As new maps are pub-
lished, they must be incorporated into the database. Over
time, the map information in the database would change
and evolve as new information is added; the database can
therefore be described as “living”, not static in content.

Implicit in building such a database is the availability
of sufficient geologic map information in digital form.
Because only a fraction of published maps are now in digi-
tal form, the vast collection of published paper maps must
be prioritized for conversion to digital form. In the com-
ing years, significant effort will be needed for this conver-
sion activity.

Standards and Guidelines

The compilation of many maps into a coherent whole
will be difficult if each source map uses different terminol-
ogy for describing the stratigraphy and characteristics of
the geologic units. If each map was organized differently
in digital form, rather than using a standard data model,
the integration of data into a coherent whole will be further
complicated. The NGMDB project has, for several years
therefore, been engaged in helping to develop a set of stan-
dards and guidelines for digital geologic maps. Information
on these standards- and guidelines-development activities
can be found elsewhere in this volume and at the project
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website, <http://ncgmp.usgs.gov/ngmdbproject>. Within
the past year, these standards and guidelines became suffi-
ciently mature to justify research and development of a
prototype national database, as described below.

Public Access to the Database

The National Geologic Mapping Act and its reautho-
rizations (see the Act at <http://ncgmp.usgs.gov>) stipu-
lates that the NGMDB will be developed as a resource for
application to societal issues. Public access to, and use of,
the online map database is therefore a high priority.
Emerging technology for Web-based information delivery
offers the significant promise of exposing ever-greater
numbers of people to databases such as the NGMDB, with
the expectation that they will use the geologic information
to address societal and personal issues. However, most
Internet users, and the general public, are provided with
overwhelming amounts of information, and face the atten-
dant challenges of learning the new tools, methods, and
thought processes needed to access and use that informa-
tion. In short, people are confronted with a bewildering
array of daily choices and challenges. As a result, there is
an understandable reluctance to learn new ways to access
information.

The public will be most likely to use an information
delivery system that does not require new software or
plug-ins, significant bandwidth, or training. With this in
mind, we intend for public access to the NGMDB to occur
via commonly-used tools (e.g., web browsers) that do not
require extra plug-ins or training to use. In the short term,
however, as the prototype database is under development,
our emphasis will be develop the “back-end” of the data-
base, the data-management system and the collection of
standardized geologic map information. When the system
approaches sufficient maturity for the public to use, the
project then will design the software interface, or adopt an
existing or agency-mandated interface, to allow public
access to the online database.

HOW TO BEGIN?

Translating the concepts outlined above into a useful
database will require that we:

- develop the necessary standards and guidelines,

- identify, assess, and prioritize for digitization the
available (paper) geologic maps,

- convert the prioritized maps to digital form,

- build prototypes to test the concepts, standards, and
software, and

- provide forums for public discussion of the proto-
types, and for reflection on whether the prototype
is “headed in the right direction.” Most important-
ly, is the database, as envisioned in the prototype,

something the geoscience community really wants,
and will find useful?

These requirements are now being addressed. As
noted above, the geoscience community has begun to con-
verge on some accepted standards and guidelines for digi-
tal geologic maps. In 1999, we designed some basic
requirements for a prototype geologic map database, and
tested our concepts usings some newly-developed digital
data for the Greater Yellowstone Area (Wyoming and
Montana) (Wahl and others, this volume). That first proto-
type was presented for discussion at the Geological
Society of America Annual Meeting, in October, 1999.
The prototype was well-received, and plans were begun for
a second prototype, with a more complex set of tasks.

Plans for the Second Prototype

Following a series of meetings in late 1999 between
the USGS, the Kentucky Geological Survey (KGS), and
representatives of various state constituency groups and
vendors, the second prototype was designed. In 2000,
funds were secured, contracts were written, and the work
began in mid-year. This prototype will address a limited
number of objectives, because the goal is not to build a
fully-functional online NGMDB,; rather, the goal is to
develop a firm foundation upon which subsequent proto-
types are based and which will, eventually, evolve into the
online, “living” NGMDB. This prototype’s objectives are
to:

- implement the standard geologic map data model, in
an object-oriented software architecture. The cur-
rent version of the conceptual data model, v.4.3, is
relational (see <http://geology.usgs.gov/dm> for
information). An object-oriented architecture was
selected in order to explore its potentially greater
facility for representing and managing complex
spatial information.

- accommodate in the data model the capacity to man-
age “stacked” geologic units, essentially a three-
dimensional model of surficial and subsurface
geology.

- manage information derived from many source
maps. The KGS is conducting a program to con-
vert to digital form the entire statewide coverage
by published, 1:24,000-scale geologic maps
(Anderson and others, 1999). For this prototype, at
least two 1:100,000-scale quadrangles, each con-
taining 32 edge-matched 1:24,000-scale quadran-
_gles, will be loaded into the database.

- use a software system that is designed to manage
multiple versions of each object on a map (e.g., the
outcrop belt of the “X” Formation as shown on
various maps of a region), and a large number of
editorial changes to each object as submitted by
various authors, compilers, and editors. This
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objective is designed to explore how the system
manages the various overlapping maps in the data-
base, and how it performs long transaction/version
management; this feature will be essential to devel-
opment of the living database.

- demonstrate links between the prototype map data-
base and related geoscience databases (i.e., the
KGS coal database, the USGS geologic names lex-
icon). Conceptually, the user would select a map
unit and, upon request, view the summary of infor-
mation about the unit’s geologic name, which is
stored in a separate database.

- develop the capability for users to select an area of
the map for downloading to their computer.
Investigate delivery of both “on the fly” interactive
specification of map area, and pre-processed data
for commonly-specified areas (e.g., by county,
quadrangle).

- evaluate the interagency, collaborative nature of this
effort, especially mechanisms by which agencies
can retain ownership of their data when held in a
jointly-build database.

When the prototype’s objectives are met, we will pro-
vide opportunities for discussion and comment, through
public meetings.

SIGNIFICANT NON-TECHNICAL
CONSIDERATIONS

Through this prototype and, hopefully, its successors,
the agencies collaborating on the NGMDB will have the
opportunity to evaluate the various approaches to serving
their map data, both independently and through the
NGMDB. In fact, this prototyping process is not just con-
cerned with a set of technical issues — a significant out-
come will be a clearer understanding of the opportunities
and challenges in collaboratively building a database
whose ownership and infrastructure is shared by numerous
agencies. This complex issue will receive careful attention
throughout the prototypes, which are designed to explore
the nature of the relationship among the NGMDB collabo-
rators.

Finally, we draw attention to another significant, non-
technical, aspect of the prototypes — if the concepts here
outlined are to be adopted, and a national database created,
the system by which scientists are rewarded and promoted

will require significant change. Scientists at the geological
surveys are evaluated for promotion, and rightly so, by
measures of their significant contributions to the science
and to society. Historically, the principal measure is the
publication record. Development of a national database
will require significant scientific contributions from many
scientists, but each contribution likely would not generate
a discrete publication attributable to a scientist. Rather,
the result would be an improved national database of geo-
logic map information to which a scientist contributed.
That contribution may be a significantly redefined stratig-
raphy or set of geologic contacts for an area, but how
would that contribution be evaluated? Clearly, agencies
will need to evaluate scientists based on an expanded set of
criteria that would include contributions to the body of
information and knowledge maintained in a “living” data-
base.
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The development of a standard data model for geo-
logic map information will benefit the geoscience commu-
nity by providing the common structure for describing
geologic phenomenon and for managing the spatial and
attribute information in publicly-accessible computer sys-
tems. In North America, representatives of geological
surveys in Canada and the United States have agreed to
work together to address the challenges of building a stan-
dard data model and the software tools that permit it to be
effectively used. They are working together through the
mechanism of the North American Data Model Steering
Committee (NADMSC).

Evolution of this cooperatively-developed data model
is documented in various informal papers from 1996 to
present (for example, Geologic Map Data Model Steering
Committee,1999). The data model described in those
papers is conceptual in nature, because this work was nec-
essary before the concepts could be evaluated and imple-
mented in various computer systems. Attention is now
turning toward testing and implementation; several papers
in this Proceedings volume describe efforts to begin to
implement the concepts, and more certainly will follow in
the years ahead. Because the conceptual model could not
stipulate the nature of the GIS and database software in
which an agency might choose to develop a geologic map
database, there likely will be modifications to the concep-
tual model as it is test-implemented in various systems
across the U.S. and Canada. This is to be expected, as the
data model evolves from a conceptual to a physical state.

The geosciénce community is composed of diverse
agencies and individuals, with a wide range of technical
expertise, budgets, and user-support requirements.
Therefore, the NADMSC expects that when the various
Canadian and U.S. geological surveys evaluate and imple-
ment the data model in the coming years, they will modify
it as needed to suit their system and user requirements.
The role of the NADMSC will be to support these imple-
mentations with: 1) technical assistance and data model
documentation; 2) modifications to the conceptual model
as needed; 3) coordination of software tool development;
and 4) the proposal of standard scientific terminology with
which to attribute digital geologic maps. To fulfill these
roles, the NADMSC has formed six Technical Teams, as
follows:

- Requirements Analysis (to refine our understanding

of the data analysis requirements of various users);

- Data Model Design (to continue refining the concep-
tual model based on the Requirements Analysis,
deliberations of the other technical teams, and user
comments);

- Scientific Language (to develop standard terminolo-
gies for the various elements that comprise geolog-
ic maps, e.g., rock classification);

- Software Tool Development (to design tools that
meet user needs as specified in the Requirements
Analysis);

- Data Interchange (to develop translators among vari-
ous implementations of the conceptual model);
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- Documentation (to improve public understanding of
data model design and software tools).

Each Technical Team is now staffed and is conducting
its assignment. Within one year, measureable progress is
expected and will be reported at the NADMSC Web site,
<http://geology.usgs.gov/dm/>, and in public venues such
as these Proceedings. Interested persons are invited to reg-
ister at the site and, through comments, guidance, and test-
implementations, contribute to the data model’s continued
evolution.
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INTRODUCTION AND HISTORY

The Idaho Geological Survey has been producing geo-
logic maps digitally since 1989. The Idaho Survey began
to capture a database of basic geologic attributes associat-
ed with each geologic feature on a map in 1992 as part of
its map digitizing process. Beginning in 1996, metadata,
or information about the map and its sources, has been
input for each 30 x 60 minute geologic map compilation.
The attributed spatial data can be used in a Geographic
Information System (GIS) to perform simple queries or
analyses. However, to receive consistent and meaningful
answers to complicated questions about the geology on a
digital map requires yet another database of map informa-
tion, derived from the map legend.

Taken together, the spatial map data, map legend, and
metadata comprise a digital geologic map database. The
design of these data sets and how they relate to one anoth-
er to supply reasonable interpretations of the map is a digi-
tal geologic map data model (Tsichritzis and Lochovshy,
1982).

Currently, many groups are working on geologic map
data model design. One of the best known of these to date
is the U.S. Geological Survey (USGS), Geological Survey
of Canada (GSC), and Association of American State
Geologists (AASG) effort: Digital Geologic Map Data
Model Version 4.3a (Johnson and others, 1999). For a
review of the various geologic map data model efforts see
Richard (1999). Currently the North American digital geo-
logic map data model Steering Committee (NADMSC) is
forming technical working groups to tackle many of the
thorny issues involved in developing a North American
Data Model (NADM) for geologic mapping.

The tables that hold map information and which make
up the geologic map database are the heart of the model.

These tables can be manipulated, related, or translated.
One of the goals set by the NADMSC is to develop trans-
lating tools which will enable different “flavors” of the
data model to be migrated to one central format for
exchange and archiving purposes. There is at present no
data model standard or implementation protocol.

IMPLEMENTING A GEOLOGIC MAP
DATA MODEL

Data Users

Demand for better geologic map data has traditionally
come from within the geologic profession. But with the
advent of GIS technology, new customers are requesting
digital geology data sets to aid in analysis of problems as
varied as the relationship of geology to tree nutrition or
fresh water fisheries. To meet this need for better and
smarter digital geology, the Idaho Survey began work on a
data model design and implementation that would be “user
friendly” and that could be understood by a non-geologist
as well as a geologist.

Which Maps to Apply the Data Model To?

The Idaho Survey is a small agency with limited
resources. The benefits of developing and implementing a
geologic map data model must be weighed against the
costs. The Idaho Survey already has a well established set
of procedures for capturing and publishing geologic maps.
Implementation of a data model at the Idaho Survey by
necessity needed to be developed as an extension to exist-
ing procedures and software protocols.
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The Idaho Survey has historically produced geologic
map compilations in paper format, providing the map cus-
tomer with a synopsis of the current, best geology for a
given area. They also provide an economical format: cov-
ering the most geology for the least money. For several
years the Survey has been committed to digitally compil-
ing 30 x 60 minute maps. These compilations are con-
structed using a combination of existing geology and new
mapping and are the only maps to which we are presently
applying the data model. Geologic map sources for the 30
x 60 minute quadrangles are digitized from source materi-
als at original scale where possible. Each map object
receives a source identifier code. In this way, simple
queries can determine map sources, and source map meta-
data, within the compiled geologic map. Several advan-
tages are gained by using 30 x 60 minute compiled geo-
logic map tiles, as the backbone of digital geologic map-
ping at the Idaho Survey:

- Map format fulfills most of our customer’s data
needs

- Map data can be designed for merging with adjoin-
ing maps

- Maps can be edge matched

- Most geology for the money

- Idaho Survey procedures already in place can be
used (limited re-tooling)

Data Model Design and Additions

The Idaho Survey relied heavily on the USGS/AASG
proposed model 4.3a (Johnson and others, 1999) for the
design of its data model. Because of our plan to limit the
data model to 30 x 60 minute compilations, and because of
additional needs, we added some data elements to this
structure:

- History table—tracks original source map units

- Lithology modifier tables—texture, minerals, struc-
tures

- Map unit modifier tables—genetic/environment origin
tables and form/landform tables

More information, including a complete table flow
chart, can be found at the Idaho Survey web site
<www.idahogeology.org>. Look for links to the Digital
Geologic Mapping lab (DMG) first, and then the Data
Model.

Tool Development Environment and Software
Platform

Without software query tools to access and retrieve
the information held in the geologic map database, only

users with considerable expertise in database manipulation
and GIS could work with our data. Even for experts, map
data queries would be slow and cumbersome. Good query
tools open up the power of the data model to a much larger
group of data users.

For many reasons, the Idaho Survey chose to develop
the query tools around ArcView GIS. ArcView provides a
widely used, relatively easy working environment with a
good programing language (Avenue) which allows easy
development and data set distribution.

Major Features of the Idaho Survey
Data Model

There are currently three major functions which the
Idaho Survey data model tools handle:

- Tools for performing complex, nested queries, and
the export of derivative maps and data (ArcView
shape files)

- Map browsing tools, similar to the identify button in
ArcView

- Merging tools (spatial join) to merge two or more
map compilations (tiles)

Remaining Work

Most of the crucial design decisions have been made
for the Idaho Survey geologic map data model and prelim-
inarily implemented. What remains to be done is the pol-
ishing of the basic software tools and finalizing and incor-
porating the non-implemented tables into the Idaho Survey
model. Testing of the model in ArcView will begin with
in-house geologists and will certainly result in the fine-tun-
ing of elements of the data model and its tools. With the
design nearly stable, new tools need to be created that will
enable a geologist to enter map legend information.
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ABSTRACT

Work by the National Geologic Map Database Project
shows that object-oriented modeling implemented in an
object-relational software system has the set of characteris-
tics that may best support a useable national geologic map
database. The North American Data Model Steering
Committee’s draft standard data model, with some modifi-
cation, would be easy to implement in this technology. In
addition, the studied object-relational technology has built-
in version control, input data verification, and allows for
many people to access the database for data retrieval and
edit/update functions better than other investigated tech-
nologies. This technology has been tested in a proof-of-
concept database for the Greater Yellowstone Area, 1daho,
Montana and Wyoming.

INTRODUCTION

The National Geologic Map Database Project
(NGMDB) is conducted by the U.S. Geological Survey

(USGS), in cooperation with the Association of American
State Geologists (AASG). A more complete description of
the entire geologic map database process is in Soller and
Berg (this volume).

The charge by the Congress to the USGS is
expressed in the following quote from the Geologic
Mapping Act of 1992 and its reauthorizations: “The pur-
pose of ...[this Act]... is to expedite the production of a
geologic-map data base for the Nation, to be located
within the United States Geological Survey, which can be
applied to land-use management, assessment, and utiliza-
tion, conservation of natural resources, groundwater man-
agement, and environmental protection...The Survey
shall establish a national geologic-map data base. Such
data base shall be a national archive that includes all
maps developed pursuant to sections of this Act, the data
bases developed pursuant to the investigations under [the
appropriate] sections [of U.S. law]..., and other maps and
data as the Survey deems appropriate.” The full text of
the Geologic Mapping Act of 1997 can be found at
<http://ncgmp.usgs.gov/ngmact97.html>.
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NATIONAL GEOLOGIC MAP DATABASE

The USGS and AASG, through the NGMDB,
responded with a plan that would build the database in
three phases. They are:

- Phase 1 — build a searchable map catalog containing
limited metadata for all published paper and digital
maps,

- Phase 2 — develop a suite of digital geologic map stan-
dards, and link from the map catalog to existing geo-
logic map data sets that are built according to the
evolving set of standards, and

- Phase 3 — create a standardized, online national digital
geologic map database, concentrating efforts at least
initially on intermediate-scale (1:100,000) maps and
smaller-scale (e.g., 1:1,000,000) maps of national cov-
erage.

The work described in this paper focuses on the
1:100,000-scale geologic map series, because it was origi-
nally proposed as the candidate data set for the database
when the Geologic Mapping Act was enacted.

A USABLE MAP DATABASE

A national geologic map database must be usable by a
broad customer base. Experience with building databases,
especially when making them available for use on the web,
shows that such databases must allow easy data entry and
editing as well as allow for straightforward search and data
retrieval. In addition, it should have at the least the fol-
lowing characteristics, including interaction with other
geoscience databases, seamlessness, data content and
retrieval standards, and availability over the Internet.

Interaction With Other Geoscience Databases

The technology used to implement the geologic map
database should allow existing and future geoscience data-
bases to interact easily with it. We recognize that three
general classes of such related databases are important.
They are standards data, complementary geoscience data,
and non-geoscience data. Examples of standards data are
geologic symbol standards (now in preparation) and geo-
logic names. Standard symbols accessible through the
map database will aid in uniform annotation and decora-
tion particularly for lines and points. Use of the USGS
geologic names database, called the Geologic Names
Lexicon (GEOLEX, see Stamm and others, this volume),
will enable access to formal unit names and type section
data for rock units in the map database.

Complementary geoscience databases encompass
gravity, aeromagnetic, geochemical, paleontological, and
geochronologic databases. These databases can contain
information essential to the understanding of the geology

of an area. Databases containing topography, hydrogra-
phy, surficial geology, and soil characteristics provide
information about the nature of rock properties, control of
the topography and hydrography by geologic structures,
and kinds of weathering and erosion, and soil formation
that have taken place in a region under study.

The third class of related databases encompasses non-
geoscience information. Data about culture, vegetation,
habitats and range of large herbivores and predators, and
pollution are examples. The geologic map database must
supply information in a form easily integrable with these
others databases because experience shows close connec-
tions between geology and ecological environments, land
use problems, water quality and water and land pollution
analysis.

Importance of Seamlessness

Three methods of organization of geologic map data
into a database suggest themselves from available technol-
ogy. These methods range from a data server holding data
in a directory but with no additional information to show
relationships that exist among data sets, through a tiled
system with the information that would tie the individual
data sets together, to a seamless database with all of the
data stored as a coherent whole.

The first two styles of database would store map data
as data tiles based normally on geographic coordinates or
political boundaries. This arrangement would certainly
allow easy retrieval of information by quadrangles or
counties. If, however, data were needed for a drainage
basin, a national or state forest, or some other irregular
area, one would need to retrieve the various map tiles that
cover the area of interest and then assemble the data into a
coherent whole. From experience, this is a time consum-
ing process.

Putting the data in a seamless database is a better
approach. More time and effort would be needed when
editing or adding to the database, and data retrievals by,
for example, quadrangles may be slower than when the
data are stored in quadrangle tiles, but the problems related
to data retrieval from irregular areas are mostly eliminated.
This storage type would require “edge” matching of the
data both for geometry and for non-geometry attributes of
the data as they merged into the database. However, seam-
less data storage would benefit research efforts greatly
when geologic map data are needed for a project.

Data That is Current

All users of spatial data need the latest and best data
when performing analyses of GIS data sets to aid in funda-
mental geoscience research and in the resolution of land
use problems. However, most GIS data are out of date.
People, money and time are usually not available to pro-
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vide timely and important data updates. This problem
affects many categories of GIS data sets. For example, all
users of information from topographic map data sets must
deal with the fact that most of the data are out of date.

The USGS 7.5-minute quadrangle series data may, on the
average, be twenty years old. This problem has arisen
mostly because of the high costs of, and limited resources
available for, topographic map revision (see Moore, this
volume).

Geologic data are not as voluminous as topographic
data, but updates of geologic maps are currently just as
slow. New and updated geologic map data must be added
easily into the map database in a way that will eliminate
some of the delays that normally occur when publishing
new geologic map data or amending prior map data.
Printing maps on demand by clipping the data on the fly
and then using standard map collar information and orga-
nization should allow more effort to be put into updating
the map database.

However, old geologic map data should not just be
discarded or ignored. Historic geologic interpretations,
and especially those that record geologic conditions prior
to changes such as landslides, riverbed changes, floods,
and volcanic eruptions, are invaluable to retain while con-
ducting modern geoscience investigations (e.g., Chirico
and Epstein, 2000). In addition, adding, updating, and in
general revising geologic map data would be easier and
more accurate with earlier data available in the map data-
base while the revision process proceeds.

Use of a Geologic Map Data Model Standard

Geologic map data must be available in a standard set
of formats with a standard minimal attribute list and orga-
nization. The use of a data model standard would elimi-
nate most of the problems related to data attribute content,
especially where standardized lists can simplify analysis of
these data, and would remove most problems of attribute
names. The lack of these standards is a great hindrance to
integrating currently released digital geologic data sets.

Web-Access From a Browser

For a database to be useful to the public, it should
have at least three provisions. First, a potential user of the
database should require minimal applications software to
interact with the data. This means that few, if any “plug-
ins”, for web browsers would be needed. The user should
be able to query the database for basic information about a
particular feature simply by pointing to it.

Second, the user should be able to view the data with
a number of automatic features that could be disabled as
needed. Two kinds of views that are of immediate interest
are scale-dependent generalization of the current view of
the database, and selection of a viewing area by arbitrary

geospatial coordinates, political boundaries (e.g., by coun-
ty), or ecological boundaries (e.g., by drainage basin).
Custom views would be quite useful, especially those gen-
erated from digitized boundaries created either interactive-
ly on screen or offline and sent to the database interface
from a standard file format.

Finally, a data user should have the capability to
retrieve data clipped by the area they specified — the data
attributes would be stored in a standard data model and the
data delivered in a format such as “shape” files. This step
is key in completing a transaction with a data user.

A GEOLOGIC MAP DATA MODEL
STANDARD

A data model for a database consists of two parts that
resemble the description of a language: a vocabulary
which includes word lists and types of words in the list
(i.e., a data dictionary), and a grammar (i.e., the set of rela-
tionships among the components of the data dictionary). A
standard data model for geologic map data would then be
an agreed-upon vocabulary and grammar that would place
the map data into a form that would require essentially no
translation to become useful to the user community. The
data model needs to be robust, that is, it must have within
it the capability to handle every possible type of geologic
information, or better and more practical, it must allow
extensions to the model that will in no way compromise
the basic model.

The USGS, the AASG, and the Geological Survey of
Canada have been working on a data model standard for-
mally since 1996 (Raines and others, 1997). The North
American Data Model Steering Committee (NADMSC)
current data model results from this cooperation. The pre-
sent version is 4.3 and is available for review and comment
at <http://geology.usgs.gov/dm>.

Uses of a Geologic Map Data Model

Currently, geologic map data occur in many forms,
and the data content, organization, and file format differ in
significant ways. A data model standard will aid the
process of data exchange and integration, and analysis.
The use of a data model standard for the attribution of geo-
logic map features offers a number of advantages. They
include:

- Map Creation will be more efficient if a core set of
attribute data is collected for each map regardless of the
intended use or purpose of the original map. Standard
ways for representing spatial information need to be
developed and used for all maps to smooth the progress
of retrieval, integration, and analysis.

- Compilation of regional maps from detailed map data
will be far less time-consuming if source data are con-
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tained in a standard data model, thereby organizing the
map data for more efficient manipulation and analysis.
Then, the compiler could concentrate on the geologic
questions that arise from the change in map scale and
the generalization.

- Map publication will be more efficient because those
responsible for the publication process would receive
data in only one format.

- Geologic map data could be exchanged easily among dif-
ferent organizations because the recipients of such data
will know in advance the form of the data content.
Spatial analysis of geologic data will be easier because
the analyst need not be concerned about various incom-
patible data attribution and formats.

- With a sufficiently robust data model, generalization and
reclassification of geologic data would be much simpler
because the analyst will have no need to build data
structures to perform these functions.

- Integration of disparate data sets from different disci-
plines requires a data model standard that is robust and
easy to use.

Types of Data Models

The current NADMSC data model deals with data
attribution only and places the spatial data into a few
boxes in the model. This data model is designed as a rela-
tional database model, because the concepts and the termi-
nology of relational database technology are well devel-
oped and well understood. Also, such a model is relatively
easy to understand and communicate to others.

In contrast, object-oriented modeling is relatively new
and holds great promise, but uses rather confusing termi-
nology and suffers from few standard (agreed upon) con-
cepts. Because it is new, object-oriented modeling
requires a totally different way to view a digital map and is
therefore difficult to accept as either being a valid way to
model complex systems or to store data. The Unified
Modeling Language (UML) recently has emerged as the
apparent standard in which to express the object-oriented
approach to analyzing and building new software and data
systems. Since users of this technology have yet to agree
on object-oriented database concepts and terminology, a
hybrid system (an object-relational database design) has
been proposed and has found great acceptance with data-
base software systems. This technique allows object mod-
eling to be done in an object-oriented manner and then the
actual data to be stored in a relational database. In addi-
tion, this technology allows inheritance, encapsulation
(with data hiding), polymorphism, and other object-oriented
capabilities to be available with the stability of a relational
database. See Muller (1999) for a good description of OO
terminology as it now appears in most of the literature.

Object-Oriented Data Model for GIS

There are two fundamentally different ways to repre-
sent spatial objects in a Geographic Information System
(GIS). The most common is a geometry-based system, in
which one must choose the geometrical type (polygon, line
or point) to represent the object and then attach attributes
to the geometry (figure l1a). This kind of system is well
known, well defined, and widely used, which gives the
user of such a system confidence about the data stored.
However, a persistent problem with the geometric-centered
system is that users may begin thinking of the spatial
objects contained in the system by their geometry types
rather that the object they actually are. One may hear
geologists referring to geologic map objects in terms of
polygons, lines, or points instead of rock outcrops, faults,
and strike-and-dip measurements.

In contrast, a better way to represent spatial objects is
object-oriented (OO) modeling, which allows the user to
think in terms of real world objects. Real-world objects
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Figure 1. a. Geometry-centered geospatial data sys-
tem. b. Object-oriented geospatial data system.
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Natural Resource Information System (NRIS-Terra)

By Andrew H. Rorick

USDA Forest Service
NRIS-Terra
16400 Champion Way
Sandy, OR 97055
Telephone: (503) 668-1623
Fax: (503) 668-1410
e-mail: arorick @fs.fed.us

INTRODUCTION

The USDA Forest Service is developing a set of cor-
porate, relational databases in which to store, analyze,
report on, and display through GIS technology, the data
collected by its field-going and research personnel. The
Natural Resource Information System (NRIS) includes six
Oracle databases: Air, Fauna, Field-Sampled Vegetation,
Human Dimensions, Terra, and Water. The NRIS website
is located at <http://www.fs.fed.us/emc/nris/>.

The initial release (v. 1.0) of the terrestrial database,
Terra, primarily supports the Forest Service‘s continuing
efforts to inventory, and to classify into “terrestrial ecolog-
ical units,” the biophysical landscapes that comprise the
national forests. As a consequence, Terra also supports
inventory, classification and mapping of the individual
resource components of these ecological units: geology,
geomorphology, climate, soils, and potential natural vege-
tation.

Ecological units delimit areas of different biological
and physical potentials, the boundaries of which are deter-
mined by integrating the resource components listed above
(Cleland et al., 1997). Terrestrial ecological-unit inven-
tories (TEUI) are conducted at a variety of spatial scales,
and have proved to be an essential tool in understanding
ecosystems: to predict how they will react to disturbances
and treatments, to define desired conditions, and to plan
for ecosystem sustainability.

GEOLOGY IN TERRA

Data Creation and Entry

Both physically and conceptually, the foundation (the
bedrock) of TEUI is geology. Geologic data in Terra

include lithology, stratigraphy, and structure (figure 1).
Lithology includes bedrock and surficial materials, texture,
and weathering. Stratigraphy includes lithostratigraphic-,
chronostratigraphic-, or tectonostratigraphic-unit names
and thickness of surficial cover. Structural data are limited
to structure type (i.e., bedding, foliation, fractures, joints);
the structure‘s azimuth and inclination; and dominance, if
more than one is being described at any particular location.

Geomorphology (after Haskins et al., 1998) is
described by process, landform and morphometry, and
would require a separate paper to explain.

The development of Terra also required establishment
of corporate data standards and protocols for geology, as
well as for the other disciplines. Lithology and rock-tex-
ture standards come from Travis’s Classification of Rocks
(1955), which Forest Service and Bureau of Land
Management geologists and mineral examiners have been
using for many years. Surficial-materials standards are
from NRCS’s Glossary of Landform and Geologic Terms
(1996). The standard for describing rock weathering is
derived from the Unified Rock Classification System of
Williamson and Kuhn (1988). Stratigraphic nomenclature
comes from sections published by USGS or state geologi-
cal surveys and from the International Stratigraphic Guide
(Salvador, 1994). And the geochronology used in Terra is
from the DNAG time scale (GSA, 1983).

The data-entry forms developed for Terra serve to
enforce these and other standards by accepting only “valid
values” in most of the data fields. Type tables developed
to house the data elements listed above are stewarded by
one geologist: nationally applied standards (e.g., lithology)
are under the care of the national data steward; and there
are lower levels of stewardship for regionally applicable
standards and for local data standards (e.g., the local strati-
graphic column). As one would expect, the process for
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Figure 1. Simplified relational structure diagram for the geology portion of the Terra database. Rectangles represent
“maintenance” type-tables that store values appearing in the data-entry form drop-down menus. Three-dimensional
objects represent the field-data entry and storage tables. Matrix tables are present to resolve many-to-many relationships.

making changes to the standard type-tables becomes
increasingly rigorous as the regional scale of their applica-
tion increases. These type tables are built through “main-
tenance” forms in Terra, which must be completed before
any field-data entry can begin. Metadata forms also must
be filled out before any site or map-unit data can be
entered. Terra‘s metadata include project name, field pro-
tocols, methodologies, sample designs, examiners, and ref-
erences.

The field-data entry for Terra is organized by “site” or
“polygon,” “classification,” and “map unit” (figure 1). Site
or polygon data describe unique, physical places on the

earth, whereas map units are polygons that may occur in
many places across the landscape. Sites or polygons are
described using the data entry forms specific to the disci-
plines collecting the data, e.g., geology. There are also site
or polygon “setting” data that include location (public land
survey, lat-long, UTM, GPS, etc.) and morphometry (ele-
vation, relief, slope, position, drainage, and dissection).
“Line” data (e.g., geologic contacts, fold axes, faults,
veins, dikes) are currently supported in Terra, only as lin-
ear “polygons,” however.

The site/polygon geology forms allow selection from
lists of values for rock type, texture, weathering, several



GEOLOGY IN TERRESTRIAL DATABASE OF U.S. FOREST SERVICE’S NRIS-TERRA 67

modifiers (e.g., silicic, calcareous), fracture interval by
class (5 classes from <10 cm to >2 meters), surficial cover
and depth by class (4 classes from <2 meters to >6
meters), and stratigraphic unit. The form also allows
selection of a structure type (e.g., bedding) and direct entry
of strike and dip data. Additional forms are filled out for
each different lithology that occurs at the site.

The Map-Unit data entry form contains the map-unit
symbol (e.g., Mm) and name (e.g., “Madison Formation”),
some general location information, and links to other
forms where data are entered to describe the unit more
thoroughly. The most important of these is the “Map Unit
Components” form. Map units are described by their com-
ponents, labeled “1,” “2.” etc.). These, in turn, are
described by “classifications.” Normally, for geological
mapping, each map unit will represent a different strati-
graphic unit, and will, therefore, have one component, cov-
ering 100% of the map unit, and described by a single-
taxon classification (e.g., “Mississippian Madison
Limestone™). This classification will be attached to every
map unit on the geologic map that contains the Madison.
This appears redundant, but it is necessary for Terra to be
functional for all disciplines using the database and for
integrating the data to determine the ecological map units,
to which classifications for soils, geomorphology and
potential natural vegetation are also attached.

However, should the mapping scale or litho-strati-
graphic uncertainties dictate, more than one component
can be assigned to the map unit (e.g., an undifferentiated
complex of two components: 60% coming from the classi-
fication, “Amsden Formation,” and 40% from the classifi-
cation, “Tensleep Sandstone”). Alternatively, one compo-
nent, again covering 100% of the map unit, could be creat-
ed using the two classifications, Amsden and Tensleep.

Geologic classifications may be based on either or
both the lithology and stratigraphy of the area being inves-
tigated. That is, for Forest Service purposes it is often
more important to recognize the lithologic component
(micritic limestone) of an ecological map unit, rather than
whether the stratigraphy is “Madison” or the time period
“Mississippian.” Such classifications can be created “on
the fly” as map-unit components are being established, and
as many as are needed can be attached to a particular com-
ponent.

Interactivity with GIS

Terra does not create GIS spatial data. The layers or
coverages are generated separately, following the agency ‘s
draft GIS Core-Data Standards. However, Terra is engi-
neered to provide a link between spatial and tabular data
using a software program, ‘“PL/SQL Link to ArcView”
(PLA). PLA provides a means to view spatial data inter-
actively with Terra‘s Oracle Forms so one has a visual rep-

resentation of the data being entered into or queried from
the database. For PLA to work, a series of generic Oracle
tables hold spatial/tabular linkage data that identify
required source information for both ArcView and Oracle
Forms. These tables are loaded as a generic installation in
Oracle called the GIS Foundation. Terra then populates
these tables with data. Other Forest Service national data-
base applications also use this same GIS Foundation, so a
single set of tables will be used as an integration tool for
tabular/spatial linkage.

Once the coverages are developed and the PLA is
installed, the spatial display of the data in Terra can be
triggered from any of the data-entry forms. For instance,
while entering or viewing data about the map unit,
Madison Limestone, one can click a button and display the
geologic map with the Madison units highlighted.

Likewise, by selecting a data point or map unit, or a
geographic collection of either, on the ArcView display,
the form or series of forms that describes the selected fea-
ture or features can be viewed.

Terra also incorporates a set of automated queries, the
Terra Extension to ArcView, that spatially displays tabular
data from ecological-unit information stored in the data-
base. When the set of data to be displayed, (e.g., lithology
or geologic age) is selected from a menu, the data theme
or themes are automatically loaded in ArcView and dis-
played on the map. The extension was developed to dis-
play the most common spatial coverages for which Terra
stores data, i.e., terrestrial ecological units and the resource
components thereof.

In addition, MS Access can be used to develop ad hoc
queries from Terra (e.g., select the sites where Madison is
the bedrock, colluvium is the surficial material, and liver-
wort sp. is the dominant vegetation), produce a new table
of values, and display them in tabular format, spatially, or
both. The data are then available for the various analyses
the Forest Service performs.

CONCLUSION

Though Terra was not developed specifically for digi-
tal geologic mapping, and lacks adequate support for
“line” data, it will serve that purpose until the North
American Geologic Map Data Model Steering Committee
completes its data model (<http://geology.usgs.gov/dm>).
In the meantime, Terra will be undergoing improvements,
especially with regard to how geology and geomorphology
were modeled for version 1.0. Convergence with the
Steering Committee’s model is expected because the
Forest Service needs the data and coverages that only
USGS and the state surveys can provide. Its partnerships
with USGS for performing the intricate ecosystems analy-
ses in the Columbia River Basin, the Sierra Nevada, and
Greater Yellowstone have demonstrated the absolute neces-
sity of accurate geologic data and coverage.
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SUMMARY

Beginning in 1998, the National Park Service initiated
a geologic resources inventory (GRI) to document and
evaluate the geologic resources of about 265 National Park
System units (national parks, monuments, recreational
areas, historic sites, seashores, etc.). GRI workshops were
held for units in Colorado (1998), Utah and Idaho (1999),
and North Carolina (on-going in 2000). New, user-friend-
ly GIS tools have been developed for digital geologic maps
of Black Canyon of the Gunnison National Park, Curecanti
National Recreation Area, Rocky Mountain National Park,
and Craters of the Moon National Monument.
Applications, including the NPS-developed ArcView Data
Browser, graphical cross section viewer and legend text
display tools are integrated with a standard geology-GIS
model that is in development. The evolving geology-GIS
model is based on the Washington State ArcInfo GIS data
model (Harris 1998) that is being adapted for ArcView
GIS and extended to include components of the North
American Geologic Map Data Model (NADM),
<http://geology.usgs.gov/dm/>.

INTRODUCTION

Bedrock and surficial geologic maps and supporting
information provide the foundation for studies of groundwater,
geomorphology, soils, and environmental hazards. Geologic
maps describe the underlying physical habitat of many natural
systems and are an integral component of the physical science
inventories stipulated by the National Park Service (NPS) in its
Natural Resources Inventory and Monitoring Guideline (NPS-
75) and the 1997 NPS Strategic Plan.

The NPS Geologic Resources Inventory (GRI) is a
cooperative endeavor to implement a systematic, compre-
hensive inventory of the geologic resources in NPS units.
Cooperators include the NPS Geologic Resources
Division, NPS Inventory and Monitoring (I1&M ) Program
(Natural Resource Information Division), U.S. Geological
Survey (USGS), and individual state geological surveys
(currently Colorado, Utah, and North Carolina). The GRI
for the 265 park units with significant natural resources
consists of four main phases:

1.) “GRBib”, compilation of a bibliography of geologic lit-
erature and maps;
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2.) “scoping sessions”, an on-site evaluation of park geo-
logic maps, resources, and issues;

3.) digital geologic map products with accompanying sup-
porting information; and

4.) a summary report with basic geologic information on
hazards, issues, and existing data and studies.

STATUS OF GEOLOGIC RESOURCES
INVENTORIES

The NPS Geologic Resources Division and Inventory
and Monitoring Program sponsored a workshop in baseline
geologic data in Denver, Colorado in fall 1997 to receive
input from the NPS, USGS, state geological survey per-
sonnel, and cooperators on needed basic geologic data that
Inventory and Monitoring Program could provide. At the
meeting, Colorado, Utah, and North Carolina were chosen
as pilot project states to maximize cooperation among the
agencies and provide consistency in workshop planning.
The group discussed and adopted the four main inventory
phases that are reviewed briefly below.

Geologic Bibliographies

“GRBIib”, the bibliography of existing geologic maps
and literature for each NPS unit in Colorado, Utah and
North Carolina is available on the internet (URL:
http://165.83.36.151/biblios/geobib.nsf>; LOGIN: “geobib
read”, PASSWORD: “anybody”) and is also prepared as
printable documents at <http://www2.nature.nps.gov/grd/
geology/gri/products/geobib/>. Also, geologic index maps
showing the location of associated geologic maps and their
scale have been prepared for these same parks. In general,
after map coverage for each park is determined, map prod-
ucts can be evaluated, and if needed, additional mapping
projects identified and initiated.

Park Workshop Meetings

GRI Park Workshops (scoping sessions) were orga-
nized in 1998 (Colorado), 1999 (Utah and Idaho), and now
in 2000 (North Carolina) to evaluate each park’s geologic
resources. Park teams have evaluated existing maps for
digital products and identified needed geologic mapping.
New geologic mapping may be initiated on a case-by-case
basis after careful evaluation of needs, costs, potential
cooperators, and funding sources.

GRI cooperators are developing geologic-GIS stan-
dards to ensure uniform data quantity and quality for digi-
tal geologic maps. In addition to standardized data defini-
tions and structure, NPS resource managers also need user-

friendly GIS applications that allow the digital geologic
map products to “look and feel” like the original published
paper maps. Pilot digitization projects are providing addi-
tional information for the evolving NPS digital map stan-
dards.

Park workshops suggest several applications for park
resource management from an enhanced understanding of
the parks’ geology. Examples include the use of geologic
data to construct fire histories, to identify habitat for rare
and endangered plant species, to identify areas with cultur-
al and paleontological resource potential, and to locate
potential hazards for park roads, facilities, and visitors.
Digital geologic maps will enhance the ability to develop
precise hazard and resource models in conjunction with
other digital data.

Upon completion of an inventory in a park, the avail-
able geological literature and data from the NPS, USGS,
state, and academic institutions will be documented in a
summary report. The content, format, and database struc-
ture of such reports are still being developed.

Geologic Mapping and Digitizing Projects

The NPS I1&M Program has cost-shared new geologic
field mapping for Zion NP and Glen Canyon NRA with
the Utah Geological Survey. Additional field mapping
projects have been initiated or completed for the geologic
maps for Bent’s Old Fort NHS, Curecanti NRA, Florissant
Fossil Beds NM, Great Sand Dunes NM, Capitol Reef NP,
Cedar Breaks NM, Golden Spike NHS, and Natural
Bridges NM.

Digitization of geologic maps for Arches NP, Black
Canyon of the Gunnison NP, Curecanti NRA, Craters of
the Moon NM, Rocky Mountain NP, Bent’s Old Fort NHS,
Natural Bridges NM, and Florissant Fossil Beds NM has
been completed.

Preliminary plans are to initiate digitizing projects in
2000 for all Utah parks with completed paper geologic
maps (Bryce Canyon NP, Canyonlands NP, Capitol Reef
NP, and Timpanogos Cave NM).

The NPS Geologic Resources Inventory is being
actively developed with the cooperation of USGS and state
geological surveys. However, many opportunities for pro-
ject collaboration may exist that have not yet been identi-
fied, and effective communication among cooperators is a
key factor for success of the inventory. Another challenge
of inventory planning is the development of digital map
standards that are adaptable to diverse geological condi-
tions but still provide quality, uniform products and firm
guidance for map developers. Indeed, the diversity of geo-
logic resources found in the National Park System will
provide a continuing challenge for effective project man-
agement. The National Park Service has identified GIS
and digital cartographic products as fundamental resource
management tools, and the I&M Program and Geological
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Resources Division are developing an efficient inventory
program to expedite the acquisition of digital geologic
information for NPS units throughout the country.

GIS ISSUES AND IMPLEMENTATION -
MAKING GEOLOGY “USER-FRIENDLY”

One of the unresolved issues facing developers of dig-
ital geologic maps and geology-GIS models is how to
include map unit descriptions, supplemental explanatory
text (references and map notes), geologic cross sections,
and the variety of other printed information that occur on
published maps. This issue is particularly important to the
National Park Service because there are few geologists
employed at parks, and resource managers rarely have the
GIS and geologic expertise needed to develop a useful
product from digital layers of polygons, lines, points, and
associated tabular data. The overarching development goal
of the NPS I&M Program is to produce digital products
that are immediately useful to anyone familiar with their
analog counterparts. For geologic maps, this means that
the map unit legend must be sorted and shaded appropri-
ately by geologic age and that all textual, graphical, and
other information from the published maps must be avail-
able interactively to the user. In short, the digital product
must “look and feel” like its published source.

Since NPS resource managers use GIS as a tool in a
wide array of collateral duties, the I&M Program is devel-
oping most digital products in ESRI (Environmental
Systems Research Institute) ArcView GIS. ArcView inter-
faces effectively with other software running on the
Microsoft Windows operating system. Also, using a vari-
ety of tools, including the Windows help software, a
Microsoft Visual Basic graphics viewer program, the
ArcView legend editor, and the Avenue script language,
has allowed query and automatic display of published map
information in the GIS.

Automating Map Unit Descriptions and Other
Textual Information

In most GIS applications, the spatial database struc-
ture does not facilitate the use of voluminous textual data.
For example, in ArcView, the database text fields only
accommodate 254 characters (320 for INFO tables) which
limits the ability to include lengthy map descriptions with
the spatial data. Several options are available in ArcView
to overcome this limitation including concatenating data-
base fields, independent text files, linking to other database
system files, and linking to a Microsoft Windows help file.
After testing several options, NPS developers have been
implementing the Windows help system.

This approach begins with the creation of the Help file
table of contents (object table). The table includes a title,

a listing all source map units (sorted by geologic age), and
a list of source map references and notes. Text descrip-
tions of map units, paginated by geologic age, are entered
next. For compiled geologic maps, maps produced from
more than one source map, a unit’s description often con-
sists of multiple map unit descriptions. At the end, the
source map references and notes text, also one per page,
were entered. Help context IDs (HELP_ID), topic names,
keywords, page numbers, and linking codes were then
added to the footnotes of each page. The data was then
saved as a rich text format (.rtf) file, and compiled into a
Windows help file.

Once compiled, the Windows help file can be opened
and used with almost any Microsoft Windows software.
The table of contents has each map unit symbol and unit
name “hot-linked” to the descriptions, and each description
is hot-linked to the references and notes. Using the built-in
Windows help tools, users can jump instantly to the table
of contents, page through the age-sorted unit descriptions,
search for keywords, or index the file and perform full-text
searches of the entire file. The Black Canyon/Curecanti
pilot project help file consists of more than 50 printed
pages of information for more than 130 map units.
Advantages of the Windows help file are that most text
formatting, such as font, size, color, etc., are preserved in
the final product, many graphics and tables are also sup-
ported, and the help system can be developed somewhat
independently of the digital geologic map.

In ArcView GIS, three Avenue scripts were written to
function with a toolbar button to automate the Windows
help file and call unit descriptions interactively from the
geologic map. The button tool is only active when the
geology theme is turned on. The user selects the map unit
help tool from the ArcView toolbar and clicks on the
desired map unit to view the associated unit description.
Using the map unit symbol (GLG_SYM, see data model
below) and the corresponding help context ID (HELP_ID),
the Avenue routine loads the Windows help file and pages
to the map unit description. Thus, the map unit descrip-
tions and other text are interactively available to the user
of the digital map.

Automating the Geologic Cross Sections

Geologic cross sections are integral components of
many published geologic maps and provide important spa-
tial visualization tools to assist users with understanding
the mapped geology. The I1&M Program has developed a
simple interactive system for displaying cross sections
using ArcView and a Microsoft Visual Basic (VB) graphics
viewer program. The cross sections are scanned digital
graphics files (JPEG format) that ArcView can load and
display via system calls to the VB graphics viewer pro-
gram. This allows the user to interactively select the cross
section(s) to view. With projects such as the Black
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Canyon/Curecanti pilot, the ability to quickly view some
28 cross sections throughout the area is a powerful asset
toward understanding the area’s geology.

To prepare the cross sections for viewing, the graphics
are first scanned at 100 dots-per-inch (DPI) and saved as a
digital JPEG (.jpg extension) graphics file. The JPEG for-
mat was chosen to allow the graphics to be served and
viewed over the Internet in the future. Once again, the 8.3
file naming convention is used to facilitate sharing across
all platforms, and file names are based on the map series
designation and the designated cross section on the map
(e.g., “gql516a.jpg™ is the A-A’ cross section on the
Geologic Quadrangle Map GQ-1516).

Although ArcView and the Avenue language provide
several ways to display graphics and images, ArcView’s
capabilities are inadequate for efficient viewing of cross
sections that could be up to 6” x 48” in size. Therefore, a
simple VB graphics viewer program was developed to pro-
vide this capability. The viewer displays the graphics at
100% with the ability to scroll from one end of the section
to the other.

In ArcView GIS, three Avenue scripts were written to
function with a toolbar button to automate the cross sec-
tions and call graphics files interactively from the geologic
map. The button tool is only active when the cross section
theme (CODESEC, see data model section below) is
turned on. The user selects the cross section viewer tool
from the ArcView toolbar and clicks on the desired cross
section line displayed on the map. Using the cross section
line and the corresponding filename, the Avenue script
loads the graphics viewer and displays the selected section.
Thus, the cross sections are interactively available to the
user of the digital map.

GIS Map Unit Legend

In ArcView, theme legends can be customized to
reproduce map feature symbols and colors of published
source maps. To represent map features of a particular
theme, an attribute field is selected in that theme’s legend
editor that relates map feature type with legend symbol
type and color. In the NPS geology-GIS data model (pre-
sented below), the attribute field that denotes map feature
type is typically either COV_TYPE for point themes or
COV_LT for line themes, where COV represents the
theme/coverage abbreviation. For polygon themes (themes
typically representing geologic map units of areal extent),
and also for point and line themes that represent point and
line geologic map units, respectively, GLG_AGE_NO is
the attribute field that relates feature type with symbol type
(pattern) and color. As mentioned in the data dictionary
section of the paper, the GLG_AGE_NO is a numeric
attribute field also used to sort map units by geologic time.

For point symbols that indicate or represent direction-
ality, ArcView also allows for those symbols to be aligned
to their correct orientation using a second attribute or rota-
tion field. For attitude observation points, (e.g. strike and
dip of bedding, trend and plunge of inclusions ..), which is
the only coverage presently in the data model that has ori-
ented point symbols, the ATD_AV_ROT field designates
the desired symbol rotation value.

When a theme legend is completed, it can be saved as
an ArcView legend file (.avl extension). In the data model,
a legend file is named as per the theme/coverage file name.
By default in ArcView, if a legend file exists with the same
file name as a theme, when that theme is added to a view,
the legend file is automatically loaded.

REVISED DRAFT NPS GEOLOGY-GIS
DATA MODEL

As mentioned above, a standard geology-GIS data
model has been developed for the National Park Service
Geologic Resources Inventory (GRI). The model is based
on ArcInfo and integrates with new user-friendly ArcView
GIS software. As per ArcView and dBase requirements,
database field names have been limited to ten characters or
less. In addition, although many modern operating sys-
tems allow for long file names, theme/coverage file names
within the model adhere to the 8.3 file name convention.
Typically, themes/coverages and associated table file
names are seven characters in length. The use of only
seven characters allows for an additional character to be
appended to a coverage name for related look-up tables.
For an NPS unit digital geologic map, the first four charac-
ters or prefix of a coverage name (CODE) are the NPS
unit’s alpha code. The next three characters (suffix) abbre-
viate the type of geologic coverage (COV). As mentioned
above, for INFO look-up tables associated with a cover-
age, an additional or eighth character, typically an integer,
is appended to the theme/coverage name. An exception to
the file naming convention presented above is arc/line map
features of a polygon theme/coverage. Arclnfo allows for
both arc/line and polygon labels to exist within the same
(polygon) coverage, however, ArcView does not. Thus
two themes are needed to present both the arc/line and
polygon attribution of an ArcInfo polygon coverage in
ArcView. For an ArcView arc/line theme associated with a
polygon coverage, an ‘A’ (arc) is appended to the seven
character polygon file name.

As with any digital map model, alterations and addi-
tional components, many derived from unique or uncom-
mon map components, continue to advance and expand the
model.



NATIONAL PARK SERVICE DIGITAL GEOLOGIC MAP MODEL

GEOLOGIC THEMES

73

The NPS geology-GIS model’s data themes or coverages are listed below.

CODEGLG poly/line

Map units or main geologic spatial data containing both polygon data describing the

map units and linear data describing the interface between those units.

CODEGLN line

CODEGPT point
tations.

CODEFLT line Faults.

CODEFLD line

CODEATD point Attitude observation points.
CODEDAT point
CODEVNT point

CODEVLN line
CODEDKE line

Linear fold axes/hingelines.

Map units or main geological satial data
Map units or main geological spatial data represented as points due to map scale limi-

Age-date sample location points (fossil or radiometric age estimates) .

Volcanic vents, eruptive centers, features mapped as points.

Linear volcanic crater, eruptive and flow features.

Individual lithologic dikes.

Areas of lithologic dikes too numerous to map as individual segments (e.g. dike

CODEDKS poly/line
swarms).
CODEMIN point Mine and mining related features.
CODESEC line Cross section lines.
CODEASH poly/line

Volcanic ash map units containing both polygon data describing the map units and lin-

ear data describing the interface between those units.

CODEMET line
CODEMOR line
CODEJLN line
CODELN# line
CODESPF point

Linear joint features.

# denotes a number assigned to theme/coverage name.

COVERAGE DATA DICTIONARY

At present, all of the 19 themes/coverages presented in
the data model have been evaluated and adapted into a
coverage data dictionary. Of note, each theme/coverage
has several attribute fields that ArcInfo adds automatically
to coverage. For polygon and point coverages, AREA,
PERIMETER, CODECOV# and CODECOV-ID are added
to the coverages polygon attribute table (.pat) . For
arc/line coverages and polygon coverage arc/line attribu-
tion, FNODE#, TNODE#, LPOLY#, RPOLY#, CODE-
COV# and CODECOV-ID are added to the coverages arc

Contour and other lines.
Geologic point data deemed sensitive by NPS Unit.

Metamorphic grade boundaries.
Linear glacial moraine features.

attribute table (.aat). As noted within a coverage’s FIELD
DESCRIPTION /COMMENTS, several of these ArcInfo
attribute field names are changed upon conversion to a
ArcView (.shp) shape file.

To limit the length of this paper, only four data model
themes/coverages are presented. In addition to the themes
presented, two INFO look-up tables relating to map source
information (CODEMAP) and additional lithology unit
data (CODEGLG]) are also presented. Figure 1 illustrates
relationships among data model themes/coverages present-
ed in this paper to INFO and dBase database tables and the
Windows Help File System (CODEGLG.HLP).
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Database Table Relationships for Tables
Outlined in Data Dictionary

CODEGLG.INF
CODEGLGI1.DBF 1
(Geology look-up)
GLG_SYM
12 Other Fields
CODEGLG.PAT
CODEGLG.DBF
m (GIS Attributes)
GLG_SYM CODEGLGA.AAT
GMAP_ID CODEGLG.DBF
HELP_{D m (GIS Attributes)
Windows Help File 8 Other Fields 9 gﬁf‘%ﬂﬁi
CODEGLG.HLP 1 o
(Map Text Data)
HELP ID
Descriptions and
References
CODEFLT.AAT
m CODEFLT.DBF
(GIS Attributes)
1 GMAP_ID
14 Other Fields
CODEMAP.INF
CODEMAP.DBF 1
(Map References)
GMAP_ID
16 Other Fields
CODEATD.PAT
CODEATD.DBF
m (GIS Attributes)
GMAP_ID
9 Other Fields
CODESEC.AAT
CODESEC.DBF
m (GIS Attributes)
GMAP_ID
11 Other Fields

Figure 1. Simplified relationships among database tables presented in data dictionary. Bold type denotes database
file names for ArcInfo (top) and ArcView (below). The tabular relationships are coded with “m” for many, and “1”
for one. Related field or key names are in italics. Table types are in parentheses.
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SPATIAL THEME (FILENAME): Area Geologic Map Units (CODEGLG)

THEME DESCRIPTION: Polygon and Arc/line coverage(s)

TABLE COVERAGE/FILE NAME:CODEGLG.PAT (ArcInfo), CODEGLG.DBF (ArcView)
TABLE FORMAT: INFO table (ArcInfo), dBase IV (ArcView)

NUMBER OF FIELDS: 10

FIELD NAME
AREA
'PERIMETER
CODEGLG_

CODEGLG_ID

GLG_IDX
GLG_SYM

USGS_SYM
GLG_AGE_NO
GMAP_ID

HELP_ID

TYPE-WIDTH
F-4
F-4
B-4

B-4

I-6
C-12

C-12
N-7.4
1-6

FIELD DEFINITION

area of the polygon

perimeter of the polygon (in map units)

unique internal (PAL) sequence number for each polygon, ArcInfo
CODEGLG#, converted in shape file .dbf

sequence ID-number for each polygon, ArcInfo CODEGLG-ID, con-
verted in shape file .dbf

vser-defined ID-number for each polygon

age-lithology unit symbol, used to relate coverage with the
CODEGLGL!.INF look-up table

geologic symbol from USGS geologic map(s)

number to age-sort units in legend

unique number that relates map feature to series and citation infor-
mation in CODEMAP.INF look-up table

code (code typically GLG_SYM value) used to link to associated
geologic text in Help File System

SPATIAL THEME (FILENAME): Geologic Map Unit Boundaries/Contacts (CODEGLG (ArcInfo)/ CODEGLGA

(ArcView)

TABLE COVERAGE/FILE NAME: CODEGLG.AAT (ArcInfo), CODEGLGA.DBF (ArcView)
TABLE FORMAT: INFO table (ArcInfo), dBase IV (ArcView)
NUMBER OF FIELDS: 11

FIELD NAME
FNODE_

TNODE_
LPOLY_
RPOLY_

LENGTH
CODEGLG_

CODEGLG_ID

GLGCNT_IDX
GLGCNT_TYP
FLTCNT
GMAP_ID

* gsee Field/Attribute Code Value Lists below

TYPE-WIDTH
B-4

B-4

B-4

B-4

F-4
B-4

B-4

I-6
I-2
C-1
1-6

FIELD DEFINITION

internal number of arc segment From Node, ArcInfo FNODE#, con-
verted in shape file .dbf

internal number of arc segment To Node, ArcInfo TNODE#, convert-
ed in shape file .dbf

internal left polygon number of arc segment, Arclnfo LPOLY#, con-
verted in shape file .dbf

internal right polygon number of arc segment, ArcInfo RPOLY#,
converted in shape file .dbf

length of arc segment

unique internal sequence, Arclnfo CODEGLG#, converted in shape
file .dbf

sequence ID-number for each polygon, Arclnfo CODEGLG-ID, con-
verted in shape file .dbf

user-defined ID-number for each arc segment

code value for type of polygon (contact) boundary*

flags lithologic contacts that are also faults*

unique number that relates map feature to series and citation infor-
mation in CODEMAP.INF look-up table
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FIELD/ATTRIBUTE CODE VALUE LISTS:

GLGCNT_TYP (polygon boundary/geologic contact type code)

1 known location
approximate location
concealed

queried

approximate location, queried
concealed, queried
inferred location
scratch boundary
gradational boundary
10 quadrangle boundary
11 extent/map boundary

e IR e NRU I T 8
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12 shoreline

13 shoreline, approximate

14 ice boundary

15 ice boundary, approximate

FLTCNT (contact a fault?)

Y Yes, the lithologic contact is also a fault.
N No, the lithologic contact is not also a fault.

Special Note: A contact arc segment that is also a fault (FLTCNT = “Y’) has the down-thrown block on the right side of
the arc. Thus, the down-thrown fault-block should be the arc segment’s RPOLY_.

SPATIAL THEME (FILENAME): Geologic Faults (CODEFLT)

THEME DESCRIPTION: Arc/line coverage

TABLE COVERAGE/FILE NAME: CODEFLT.AAT (ArcInfo), CODEFLT.DBF (ArcView)
TABLE FORMAT: INFO table (ArcInfo), dBase IV (ArcView)

NUMBER OF FIELDS: 15

FIELD NAME TYPE-WIDTH
FNODE_ B-4
TNODE_ B-4
LPOLY_ B-4
RPOLY_ B-4
LENGTH F-4
CODEGLG_ B-4
CODEGLG_ID B-4
FLT_IDX I-6
FLT_SEG_N I-3
FLT_SEG_T I-2
FLT_TYPE I-2
FLT_LT I-3
FLTCNT C-1
FLT_NM C-60
GMAP_ID I-6

* see Field/Attribute Code Value Lists below

FIELD DEFINITION

length of arc segment

unique internal sequence, ArcInfo CODEFLT#, converted in shape
file .dbf

sequence ID-number for each polygon, ArcInfo CODEFLT-ID, con-
verted in shape file .dbf :

user-defined ID-number for each arc,

number for each fault segment

code value used to differentiate fault segment line types*

code value for type of fault offset/displacement*

fault and line segment type code value used for line representation*
flags faults that are also contacts*

fault name, if any, common to all arc segments with the same
FLT_IDX.

unique number that relates map feature to series and citation infor-
mation in CODEMAP.INF look-up table
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FIELD/ATTRIBUTE CODE VALUE LISTS:

FLT_SEG_T (geologic fault segment line type code)
1 known location

approximate location

concealed

queried

approximate location, queried

concealed, queried

inferred location

NN bR W N

FLT_TYPE (fault offset/displacement type code)
1 thrust fault

reverse fault

low angle normal fault

normal fault

right lateral strike-slip fault

left lateral strike-slip fault

reverse right lateral strike-slip fault

reverse left lateral strike-slip fault

normal right lateral strike-slip fault
0 normal left lateral strike-slip fault
1 unknown offset/displacement

— = \0D 00 ~1 O\ U B W

FLT_LT (line type code)
11 thrust fault

12 thrust fault, approximate location

13 thrust fault, concealed

14 thrust fault, queried

15 thrust fault, approximate location, queried
16 thrust fault, concealed, queried

17 thrust fault, inferred location

21-137 as per FLT_TYPE concatenated with FLT_SEG_T

FLTCNT (fault also a contact?)
Y Yes, the fault is also a contact between different map units.
N No, the fault is not a contact between different map units

Special Note: A fault arc segment (FLTCNT = ‘Y’) has the down-thrown block on the right side of the arc. Thus, the
down-thrown fault-block should be the arc segment’s RPOLY _.
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SPATIAL THEME (FILENAME): Attitude Observation Points (CODEATD)

THEME DESCRIPTION: Point Coverage

TABLE COVERAGE/FILE NAME: CODEATD.PAT (ArcInfo), CODEATD.DBF (ArcView)
TABLE FORMAT: INFO table (ArcInfo), dBase IV (ArcView)

NUMBER OF FIELDS: 10

FIELD NAME TYPE-WIDTH FIELD DEFINITION

AREA F-4

PERIMETER F-4

CODEATD_ B-4 internal number for each point, ArcInfo CODEATD#, converted in
shape file .dbf.

CODEATD_ID B-4 sequence ID-number for each point, ArcInfo CODEATD-ID, con-

verted in shape file .dbf.
ATD_IDX 1-6 user-defined ID-number for each point
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FIELD NAME
ATD_TYPE
ATD_ST

ATD_DP
ATD_AV_ROT
GMAP_ID

DIGITAL MAPPING TECHNIQUES ‘00

TYPE-WIDTH FIELD DEFINITION
I-2 code value for type of attitude measurement*
I-3 azimuth of strike or trend, (0-359) degrees clockwise from the north

with dip direction clockwise from strike direction (right-rule
method). Non-applicable strike values assigned a value of 999.

I-2 dip or plunge degrees from horizontal
I3 ArcView symbol rotation value field, used for symbol presentation
I-6 unique number that relates map feature to series and citation infor-

mation in CODEMAP.INF look-up table

* gee Field/Attribute Code Value Lists below

FIELD/ATTRIBUTE CODE VALUE LISTS:

ATD_TYPE (observation code for structural attitude point)

1

[cBEN B« WV, BF ~NRVU

=}

10
11-73

strike and dip of beds

strike and dip of overturned beds

strike of vertical beds

horizontal beds

strike and dip of beds, tops known from sedimentary structures

strike and dip of overturned beds, tops known from sedimentary structures
strike and dip of beds, tops known from sedimentary structures, dot indicates top of beds
strike and dip of variable bedding

approximate strike and dip of beds

strike of beds, dip amount unspecified

additional attitude point features types

SPATIAL THEME (FILENAME): Cross Section lines (CODESEC)

THEME DESCRIPTION: Arc/line coverage

TABLE COVERAGE/FILE NAME: CODESEC.AAT (ArcInfo), CODESEC.DBF (ArcView)
TABLE FORMAT: INFO table (ArcInfo), dBase IV (ArcView)

NUMBER OF FIELDS: 12

FIELD NAME
FNODE_
TNODE_
LPOLY_
RPOLY_
LENGTH
CODESEC_

CODESEC_ID
SEC_IDX
SEC_ABV_O
SEC_ABV
SEC_FILE

GMAP_ID

TYPE-WIDTH FIELD DEFINITION

B-4

B-4

B-4

B-4

F-4 length of arc segment

B-4 unique internal sequence, ArcInfo CODESECH#, converted in shape
file .dbf

B-4 sequence ID-number for each polygon, ArcInfo CODESEC-ID, con-
verted in shape file .dbf

I-6 unique ID-number for each cross section line

C-6 initial cross section abbreviation on geologic map

C-6 cross section abbreviation on digital map

C-60 file directory path and graphics file name of cross section .jpg file
(ex. d:\gis-blca\graphics\I584a.jpg)

I-6 unique number that relates map feature to series and citation infor-

mation in CODEMAP.INF look-up table
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ACCESSORY DATA FILES

Additional data on unit lithology and source map information are included in two look-up tables that are related to map

coverages through a primary or secondary key field.

TABLE COVERAGE/FILE NAME: CODEGLGI1.INF (ArcInfo), CODEGLG1.DBF (ArcView)
TABLE FORMAT: INFO table (ArcInfo), dBase IV (ArcView)

NUMBER OF FIELDS: 11

FIELD NAME TYPE-WIDTH
GLG_SYM C-12
GLG_NAME C-100
G_REL_AGE C-5
G_SSCR_TXT C-6
GLG_AGE_NO N-74
G_AGE_TXT C-50
G_MIJ_LITH C-3
G_LITH_ID I-10
G_LITH_TXT C-100
G_NOTE_TXT C-254
GMAP_SRC C-100

* see Field/Attribute Code Value Lists below

FIELD/ATTRIBUTE CODE VALUE LISTS:

G_MJ_LITH (map unit major lithology code)

EXT  extrusive igneous

INT intrusive igneous

MET  metamorphic

SED  sedimentary

VAS  volcanic and sedimentary
UNC  unconsolidated

FIELD DEFINITION

age-lithology unit symbol, used to relate the coverage with the
CODEGLG1.INF or CODEGLG1.DBF

formal name of map unit, if any

relative age of geologic units

subscript from the map symbol

number to age-sort map units in legend

geologic time period of map unit

code value for lithologic type*

code value used to describe lithology

brief text describing lithology

descriptive notes about the map unit

source map(s) with organization and map series number (i.e. USGS
GQ-1402, USGS GQ-1568)

Example record from CODEGLG1.INF or CODEGLG1.DBF

GLG_SYM = Qvba(pc)
GLG_NAME =
G_REL_AGE = Q
G_SSCR_TXT = vba
G_AGE_NO = 1.00
G_AGE_TXT = Holocene
G_MJ_LITH = EXT
G_LITH_ID = 71

Basaltic Andesite of Puny Creek

G_LITH_TXT = basaltic andesite flows
G_NOTE_TXT = volcanic lava flows with interbedded soil horizons
GMAP_SRC = 1-757; GQ-1082
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TABLE COVERAGE/FILE NAME: CODEMAP.INF (ArcInfo), CODEMAP.DBF (ArcView)
TABLE FORMAT: INFO table (ArcInfo), dBase IV (ArcView)
NUMBER OF FIELDS: 18

FIELD NAME TYPE-WIDTH FIELD DEFINITION

GMAP_ID 1-6 unique ID-number of map citation

GMAP_PARK C-30 list of NPS Unit alpha codes map is relevant to

GMAP_CODE C4 unique 4-letter abbreviation code of map

GMAP_ABBRV C-150 abbreviation of map title, often includes map name and interpretation

technique (e.g., Preliminary) and/or a map emphasize term on the
distribution of specific materials (e.g., Surficial).

GMAP_YEAR I-4 compilation or publication year

GMAP_AUTH C-254 map author(s)

GMAP_ORG C-100 organization that created or compiled the map
GMAP_TITLE C-200 complete map title

GMAP_SER C-40 map series or organizational identifier (e.g., USGS GQ-1516)
GMAP_SCALE I-7 source map scale denominator

GMAP_PROJ C-100 name or description of map projection with projection datum
GMAP_REF C-254 complete map citation in USGS style

GMAP_DESC C-254 brief description of the map

GMAP_XMAX F-8.6 western limit of map in decimal degrees

GMAP_XMIN F-8.6 eastern limit of map in decimal degrees

GMAP_YMAX F-8.6 northern limit of map in decimal degrees

GMAP_YMIN F-8.6 southern limit of map in decimal degrees

GMAP_SRC C-100 source map(s) with organization and map series number (i.e. USGS

GQ-1402, USGS GQ-1568)

Example record for the Geologic map of Rocky Mountain National Park and Vicinity, Colorado. The 4-letter NPS alpha
code for Rocky Mountain NP is ROMO.

ROMOMAP.INF or ROMOMAP.DBF
GMAP_ID = 144
GMAP_PARK = ROMO
GMAP_CODE = ROMO
GMAP_ABBRYV = Rocky Mountain NP
GMAP_YEAR = 1990
GMAP_AUTH = Braddock, William A., and Cole, James C.
GMAP_ORG = USGS
GMAP_TITLE =Geologic map of Rocky Mountain National Park and Vicinity, Colorado
GMAP_SER =1-1973
GMAP_SCALE = 50000
GMAP_PROJ = Geographic
GMAP_REF = Braddock, William A., and Cole, James C., 1990, Geologic map of Rocky Mountain National
Park and Vicinity, Colorado, USGS, 1-1973, 1:50,000 scale
GMAP_DESC = Geologic map of Rocky Mountain National Park and adjacent vicinity.
GMAP_XMAX =-105.958333
GMAP_XMIN = -105.458333
GMAP_YMAX = 40.566666
GMAP_YMIN = 40.125000
GMAP_SRC = see published USGS non-digital (paper) map.
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INTRODUCTION

For most of the last century, analog maps have been
the geologists’ primary instrument to communicate their
understanding of the geologic environment. These prod-
ucts have proven their utility in a wide variety of societal
and scientific applications such as natural hazards mitiga-
tion, water and resource management, and land-use plan-
ning. With the advent of geographic information systems
(GIS) technology and its improved ability to integrate
diverse geospatial data, the digital database is now chal-
lenging the role of the traditional geologic map.

Digital datasets facilitate many map-oriented activities
such as updating and reprinting existing maps, rescaling
data, recombining map units based on common attributes,
and overlaying geologic data with other geographic infor-
mation. Of course, these technological advances have
altered neither our understanding of geologic information
nor its role in decision-making. Since geologic maps have
proven their ability to effectively communicate knowledge
of geologic environment, database design practices have
focused on translating the geologic map model into the
digital arena so that individual paper map elements (i.e.,
lines, polygons, and symbols) become the geometric build-
ing blocks of their corresponding digital database.

However, a digital database is not a map. Although
applicable to the same problems, the publication media
and methods of presenting, exploring, visualizing, and ana-
lyzing digital data are significantly different. These differ-
ences directly impact how the user perceives and applies
the information. Consequently, a digital database whose
geometry adheres strictly to the conventions of a paper
map is less effective at communicating information than its
analog counterpart. This paper attempts to characterize

these differences and to suggest alternative models for
database design.

THE GEOLOGIC MAP

In order to improve digital database design, we first
need to understand how data is modeled on a geologic map
and how one perceives that model. Bernknopf and others
(1993), define a geologic map as “a graphical information
display that uses a combination of colors, lines, and sym-
bols to depict the composition and structure of geologic
materials and their distribution across and beneath the
landscape. The graphical display contains both descriptive
information about geologic units and structures and an
interpretive model of how they were formed. This combi-
nation of descriptive and interpretive geologic map infor-
mation provides a conceptual framework that relates all the
geologic elements of an area together so that the position,
characteristics, and origin of each element are understood
in relation to all other elements.” The scientific content
that one expects to find includes physical and chemical
properties of rock units, three-dimensional geometry, rela-
tive age relationships, and relationships between geologic
structures and processes. The primary graphic components
of geologic maps are a planimetric view of the distribution
of rock units at the Earth’s surface (the map itself) and a
legend. Additional graphic elements include a variety of
cross-sections, fence diagrams, stratigraphic sections, cor-
relation diagrams, etc.

This combination of individual, 2-dimensional graphic
elements forms a single, cohesive product. In order to cor-
rectly apply geologic map information, one must under-
stand that the geographic relationships of geologic units
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are not fixed, but rather change with depth below or height
above the Earth’s surface. The user must understand how
to reconstruct the 3-dimensional framework from these
components. Since this interpretation is largely visual, it is
the author’s responsibility to maximize this understanding
by controlling the selection of graphic elements, their lay-
out, and symbolization.

THE DIGITAL DATABASE

Contents of geologic databases vary widely, but gener-
ally include a graphic representation of the distribution of
geologic features and tabular information describing prop-
erties of those features. The graphic elements within a
GIS are georeferenced, so that an exact coordinate for any
feature (or part of a feature) can be obtained. The loca-
tions of objects with respect to each other are understood
in terms of these coordinates. For this reason, the posi-
tional accuracy of features is of prime importance in the
development of any GIS database.

Current database development practices focus mainly
on the map and legend components of the paper map.
Typically, an existing paper map is scanned or digitized,
separated into thematic layers, and attributed according to
the map legend information. Due to the importance of
positional accuracy, a great deal of effort is expended in
‘quality control’, i.e., ensuring that the source map’s lines
and polygons are accurately reproduced and attributed con-
sistently. Although the cross-sections and other diagrams
are often included as graphics files, they receive less atten-
tion. Consequently, the finished product accurately repro-
duces the map geometry and descriptive content, but with
less emphasis on the interpretive information and geologic
relationships.

THE PAPER MAP MODEL AND THE
DIGITAL DATABASE

Many components of geologic maps are represented in
digital databases. However, the product as a whole lacks
the visual cohesiveness of the parent product. Although
there is a visual component to GIS, the tools for exploring,
querying, and analyzing digital data are not as visually ori-
ented. GIS interprets geographic distribution and relation-
ships through coordinate information and geometry.
Consequently, database models must encode geologic rela-
tionships within this context.

This section outlines two conceptual issues that need
to be addressed in order to improve geologic knowledge
representation in digital databases: thematic separation of
data layers and the geometric representation of geologic
objects. (Note: For the purposes of this discussion, the
terms ‘feature’ and ‘object’ have distinct meanings. An
object generally refers to an entity that is identifiable by
particular physical characteristics, relationships, and

behaviors, while the term ‘feature’ generally refers to the
geometric element used to represent that object.) Each
issue is discussed separately, although in practice, they are
interrelated and difficult to isolate. The context of this dis-
cussion is conceptual rather than practical; however, two
recent publications (McRae, 1999; and Cannon, McRae,
and Nicholson, 1999) provide some examples of how
existing GIS tools and data structures can be implemented
to address the issues presented here.

Thematic Separation of
Related Geologic Features

Digital databases are frequently published as a series
of files that contain different geologic ‘themes’. Thematic
separation is usually dictated by feature type (i.e., point,
line or polygon) rather than by the geologic relationships
between objects. For example, since faults are usually
modeled as lines and geologic units as polygons, they are
often placed in separate data layers. On a geologic map,
of course, faults that act as geologic contacts would be
represented by a single line segment and symbolized
accordingly. Conceptually, this is an instance of a single
feature having two functions (i.e., that of fault and con-
tact). By placing faults and contacts in separate coverages,
each function is effectively represented by a unique fea-
ture. This obscures the geologic interpretation. Further,
database size is negatively impacted by unnecessarily
maintaining the same feature in two separate data layers.

On a geologic map, the author controls the physical
layout of individual components in order to facilitate the
visual interpretation of the geologic relationships. Current
database design practices require the user to reassemble
individual components in some meaningful way. Recent
policies adopted by the USGS have attempted to overcome
this problem by recommending that a print quality graphic
file of the geologic data be included with each dataset.
This provides the database user with the opportunity to
view the data as the author intended. Although this is a
valuable visual reference, the issue of how to encode the
author’s interpretation within the database structure still
needs to be addressed.

Cartographic Features Versus
Geologic Objects

According to the geologic map data model (Johnson
and others, 1999) adopted by the North American Data
Model Steering Committee (http://geology.usgs.gov/dm),
geologic objects in a database can be either singular or
compound. Singular objects are said to be those that have
been observed at a single location or are represented by a
single cartographic feature. Compound objects are said to
result from the interpretation or classification of multiple
observations at multiple locations, such as a fault consist-
ing of individual fault traces observed at multiple outcrops.
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The data model treats singular and compound objects dif-
ferently. The geometry of singular geologic objects is
stored directly in the Spatial Object Archive, while the
geometric representation of compound objects must be
formed by the aggregation of multiple features within the
Spatial Object Archive. Although implementation details
are left to the database designer, the examples cited in the
data model generally use cartographic representation as the
basis for modeling an object as singular or compound.
This convention has been widely adopted in the production
of digital databases.

A negative consequence of this practice is that what
the geologist considers “singular” can become “com-
pound” due to either the limitations of its analog geometry
or the digitization process. For example, consider the case
of a fault that has been offset by another. The geologist
views the crosscutting fault as a singular object and the
offset fault as a compound object consisting of two line
segments. However, some GIS software packages place
nodes at all line intersections. Consequently, both faults
will be divided into multiple line segments, effectively cre-
ating two compound objects. Without some mechanism to
‘reassemble’ the crosscutting fault’s segments back into a
single feature, the geologic interpretation is obscured.
Similar problems occur with polygonal data. Paper map
constraints force geologic units to appear mutually exclu-
sive, so that their cartographic representation reflects only
that portion of the unit not covered by another. On a geo-
logic map, a volcanic unit that underlies a sedimentary unit
may appear as multiple, disjointed polygons where the
sedimentary unit has eroded to expose it. Common sym-
bolization, annotation, and accompanying cross-sections
help inform the map user that the unit is contiguous at
depth. Current database production practices typically dig-
itize and attribute each polygon individually. Again, this
fragmentation obscures the geologic interpretation that the
individual exposures are really part of a single, underlying
unit.

In some cases, an object’s cartographic representation
may serve as the foundation for its digital geometry, if
combined with the appropriate data structure. The behav-
ior of the crosscutting fault, for example, can be modeled
by using network geometry to aggregate the individual line
segments into a single feature. However, many carto-
graphic representations fail to reflect the real geographic
extent of the objects being modeled. This is particularly
true for geologic units. For example, the aggregation of
the volcanic unit’s individual polygons would still misrep-
resent the geologist’s knowledge of its distribution.

On a geologic map, any knowledge of the distribution
or understanding of how one geologic unit relates to anoth-
er will be based on an individual’s ability to interpret the
3-dimensional distribution from the 2-dimensional repre-
sentation. A GIS can interpret the distribution of an object
only through coordinate information and geometric proper-
ties. Hence, the 3-dimensional framework must be encod-

ed in a way interpretable by GIS software. A key to
accomplishing that is to ensure that the geometry of an
object fully reflects the geologist’s knowledge of its distri-
bution. In many cases, that will involve a geometry not
constrained by an object’s cartographic representation.

CONCLUSIONS

A recent article states, “With the adoption of GIS,
many analog records have been computer encoded without
considering the limitations of the underlying analog-orient-
ed conceptual models. The result may be an accurate
encoding of analog records, but it rarely will be a compre-
hensive model of reality given the inherent limitations of
analog records... The new geospatial data management
paradigm is about creating meaningful models that effec-
tively capture the geographic knowledge that defines an
organization’s version of reality. It’s much less about
maps or how to convert all those old analog records in the
back room.” (Levinsohn, 2000). GIS also has its limita-
tions, particularly in its ability to model true 3-dimensional
relationships. However, technological advances continual-
ly provide new tools for the modeling, visualization, analy-
sis, and publication of spatial data. As GIS tools continue
to evolve, so will our ability to model the behavior and
relationships of the geologic environment. Despite these
advances, a paper map model continues to dominate the
design and production of geologic databases. Although
geologic maps have been effective tools for communicat-
ing geologic data, they are an ineffective model for digital
data. The unique properties and constraints of GIS must
be considered in developing databases that adequately
model our knowledge of the geologic world.
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INTRODUCTION

GeomatterII (Geologic Map Attributer - or Geoscience
Map Attributer) is a data entry and editing tool to enable
the management of NADM (North American Data Model)
structured databases (Johnson and others, 1998). The
NADM is the result of a joint effort between American and
Canadian geoscience representatives from federal and
state/provincial agencies. The steering committee of the
group produced a series of logical models, the last being

called “version 4.3” to structure map related geological
information. The complexity of the model was seen as a
problem for most geoscientists who have limited knowl-
edge of database design and implementation.

Geomatter II has been developed to shield the casual
user from database implementation details while still
allowing expert users to extend and modify some parts of
the database structure. It provides a graphical user inter-
face where the map and associated information are dis-
played in a tightly-integrated application. The interface is
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built around a “selection state” engine, where every piece
of information is highlighted/displayed according to the
current selection. This selection can be triggered from var-
ious data controls within the interface (maps, datasheets,
tree views, etc.) and all other components of the applica-
tion will respond accordingly.

The first version of Geomatter (then called IGMDM,
Interface for the Geological Map Data Model) was pre-
sented at the last DMT (DMT ‘99, Madison, WI) and a full
description of the application is available in Brodaric and
others (1999a). It was then a slightly clunky demo appli-
cation, crippled with bugs and built to address a very spe-
cific data model version that was a little different from the,
then current, v. 4.2 model. While this software could hard-
ly be used in any serious application, it showed how an
application could hide database complexity behind a
friendly interface.

The United State Geological Survey (USGS), Ontario
Geological Survey (OGS) and Geological Survey of
Canada (GSC) funded another round of development to
improve this prototype application to a version that can be
used in a real project. Several technological and philosoph-
ical problems had to be addressed to create this applica-
tion. For a discussion on the rationale behind Geomatter,
the reader is referred to Brodaric and others (1999a). The
logic of the application has been kept identical and effort
has been concentrated on improvement of the prototype.

Software and Hardware

Geomatter is a stand-alone application that runs on
Win9x/NT computers; it has not yet been tested on the
Windows 2000 or Windows “me” (millennium edition)
operating systems. The application is build around ESRI
MapObjects 1.2 ActiveX and ODBC API. The code was
written in Delphi 5 (Inprise/Borland). A blank MS Access
97 database following either v.4.3 structure or v.5.2
(Cordlink) structure is available with the application. The
Cordlink data (Brodaric and others, 1999b) is an adapta-
tion of the NADM to support a web-enabled virtual library.
Geomatter uses ESRI shape files for its geospatial
archives.

Geomatter follows in the footsteps of key NADM
applications such as Curly (Raines and Hastings, 1998)
and LegendMaker (Sawatzky and Raines, 1998). The
application is available to NADM participants but cannot
be widely distributed due to licensing issues of one of the
internal component (MapObjects)

Hiding Database Complexity

The goal of the application is to hide the database
complexity behind a user interface that presents the user a
set of known concepts, such as a map, polygons, lines,

points, legend items, etc. Geomatter is a “conceptual” rep-
resentation of the database model (Brodaric and others,
1999a) , as understood by the data model designers. The
application then communicates using a logical representa-
tion (using SQL) of the data model to interact with a phys-
ical implementation of the database (in MS Access).

DEVELOPMENTS AND IMPROVEMENTS

While this document is not intended to be a highly
technical description of Geomatter, following are several
brief highlights of GMII development and improvements.
Instead of trying to patch up code in the original version,
the application was rewritten, using what had been learned
from the previous version. Several problems were due to
the initial design of the application, while new challenges
have been added by the new sets of specifications required
by the stakeholders. The general layout of the application
has not changed dramatically but the inner design is built
around a more expandable “programming style” - or as it
is called in the programmer circles; “design pattern™. The
appendix shows a series of “snapshots” to avoid cluttering
the text with too many figures.

Abstraction of the Application

The most dramatic change in the application is the
design pattern. The user interface is now shielded from
the database structure, up to a certain point, by a specific
software component (labeled API) in figure 4a and 4b.
This means that minor changes in the data model (and,
therefore, in the database) will not require changes in the
application. These changes can be handled by changing
the SQL commands that are physically located in the data-
base in a special table.

The application is also somewhat shielded from parts
of the interface since they behave as independent pieces of
software. Additional interface segments can be added
without interfering with other parts of the application.
This design style was adopted in the earlier version, but
the current version implements a more formal system.

The application is also built assuming a need for
future changes. This flexibility allows the addition of new
COA (Compound Object Archive) and SOA (Singular
Objects Archive) related tables at will (see Johnson et al,
1998 for full description of COA and SOA concepts).
Special data tables are created within the database to store
application metadata, such as the list of tables that are to
be filled by the user, what pick list to display, etc. This
allows expansion of the data model to suit particular needs.
To gain this flexibility, Geomatter must create forms on the
fly from database content (figure 1), requiring the inclu-
sion of a series of “System tables” within the database to
store information needed by the application (this will be
discussed in “User defined database structure”).

















































































































































































































































































































































































