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FOREWORD

The Annual Digital Mapping Techniques Workshops sponsored by the U.S. Geological
Survey (USGS) and the Association of American State Geologists (AASG) have become
very popular and productive forums for the exchange of information and sharing of experi-
ences in the world of digital geologic mapping. The Geological Survey of Alabama hosted
DMT’01, and the Alabama staff did an excellent job of organizing the workshop and pro-
viding a pleasant and relaxing milieu characterized by southern ambience. The
AASG/USGS Data Capture Working Group organized an interesting and up-to-the-moment
program of topics for the workshop.

There were significant presentations covering 3-D digital geologic mapping, database
design, use of the proposed North American Data Model, science-language standards, field
data-capture technologies, GIS certification, and geologic-map authorship. The comfort-
able and informal setting, which is standard for the DMT workshops, allowed open
exchange and plenty of questions.

DMT’01, like the previous four workshops, did much to advance the National
Geologic Map Database (NGMDB), which is a requirement of the National Geologic-
Mapping Act of 1992 and its subsequent reauthorizations. The development of the
NGMDB is greatly heightened in importance by the terrorist attacks of September 11,
2001. Pressing forward to build an on-line, digital geologic-map database is crucial to pro-
tecting our natural resources (particularly ground water) from terrorist acts. In the present
world situation, it is important to quickly access digital geologic maps and their attendant
databases for the entire nation. Building the NGMDB will require the full support of all
citizens and high government officials. We commend all of the participants in DMT’01 for
their contributions to the workshop and this Open-File Report. You have done much to
make geoscience serve the public good. We look forward to DMT’02.

Thomas M. Berg
Ohio State Geologist
Chair, AASG Digital Geologic Mapping Committee
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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 ‘01 (DMT’01) work-
shop was attended by 108 technical experts from 48 agen-
cies, universities, and private companies, including repre-
sentatives from 31 state geological surveys (see Appendix
A). This workshop was similar in nature to the first four
meetings, held in Lawrence, Kansas (Soller, 1997), in
Champaign, Hlinois (Soller, 1998a), in Madison,
Wisconsin (Soller, 1999), and in Lexington, Kentucky
(Soller, 2000). This year’s meeting was hosted by the
Geological Survey of Alabama, from May 20 to 23, 2001,
on the University of Alabama campus in Tuscaloosa. As
in the previous meetings, the objective was to foster infor-
mal discussion and exchange of technical information.
When, based on discussions at the workshop, an attendee
adopts or modifies a newly learned technique, the work-
shop clearly has met that objective. Evidence of learning
and cooperation 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 author-
ship guidelines.

The five 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.
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three Proceedings. Finally, I thank all attendees for their
participation; their enthusiasm and expertise were the pri-
mary reasons for the meeting’s success.



PRESENTATIONS

The workshop included 25 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-spe-
cific 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, including
field data systems; database design, standards, and data
models; and 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 20 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) field data capture
systems, and 2) geologic map authorship and citation
guidelines. Discussion session #1 included an oral presen-
tation session, a 2-hour informal session focusing on field
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demonstration of hardware and software that was
described in the oral presentations, and a question and
answer session. Discussion session #2 began by revisiting
the presentation of ideas and suggestions proposed at
DMT’99 and DMT’00 (see <http://pubs.usgs.gov/
openfile/of99-386/> and <http://pubs.usgs.gov/openfile/
0f00-325/>. The paper by Berquist and Soller (this vol-
ume) describes this session and its outcome. These two
sessions highlight an important aspect of the DMT work-
shop series — it provides for these disciplines a rather
unique venue for sharing technical information and experi-
ence.

THE NEXT DMT WORKSHOP

The sixth annual DMT meeting will be held in late
Spring, 2002, hosted by the Utah Geological Survey.
While planning for that event, the Data Capture Working
Group will carefully consider the recommendations offered
by DMT’01 attendees.
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Data Capture Techniques for the Digital Database of the
Monterey Quadrangle, California

By David L. Wagner

California Division of Mines and Geology
80-1 K St. MS 12-31
Sacramento, CA 95814
Telephone: (916) 324-7380
Fax: (916) 322-4765
e-mail: dwagner@consrv.ca.gov

INTRODUCTION

At DMT 97 I presented a paper (Wagner, 1997)
describing the data capture techniques employed by the
California Division of Mines and Geology (CDMG). At
that time we were just beginning to work on a digital com-
pilation of a geologic map and database of the Monterey
1:100,000-scale quadrangle and the adjacent seafloor of
Monterey Bay. A main point of the paper was that we dig-
itize geologic data for a 1:100,000-scale quadrangle at the
largest scale possible, preferably 1:24,000. Now, the com-
pilation has been completed and is undergoing review for
release approval. This paper will discuss some of the
points put forth at DMT 97.

This map and database are a step forward in the
understanding of geology of coastal California. Monterey
Bay is a marine sanctuary that has been intensively studied
by the Moss Landing Marine Laboratories (MLML), the
Monterey Bay Aquarium Research Institute (MBARI) and
the U.S. Geological Survey (USGS). As a consequence,
the geology and the physiography of Monterey Bay is suf-
ficiently well known to prepare a seamless geologic map
of the onshore and offshore. Digital geologic and physio-
graphic data were compiled independently by CDMG,
MLML, MBARI, and USGS and integrated into a single
database. The Monterey Quadrangle is an example of the
benefits of cooperation between research-oriented institu-
tions that emphasize data-gathering activities and a state
survey that emphasizes data distribution.

COMPILATION

This project was initiated in 1988 when D. L. Wagner
and C. L. Pridmore compiled an analog geologic map of
the quadrangle. Compilation of a digital database began in
1998 by digitizing geologic maps at 1:24,000 scale and

tiling the maps together to make a seamless 1:100,000
geologic map. Sarah Watkins and Jason Little of the
CDMG Regional Geologic and Hazards Mapping Project
digitized 28 7.5’ quadrangles, mostly at a scale of
1:24,000. Two quadrangles, Monterey and Seaside,
already published in digital form by the USGS, were used
directly, although the stratigraphic nomenclature was mod-
ified slightly for consistency with the rest of the map. H.
Gary Greene compiled the offshore geology of the conti-
nental slope and Monterey Canyon system, which was dig-
itized by Joseph Bizzarro at the Moss Landing Marine
Laboratory. Steve Eittreim interpreted the geology of the
continental shelf (water depths less than 150 meters) on
screen at a scale of 1:6,000 from acoustic imagery of 2.4
meter resolution. The digital database is in ArcInfo format
and employs the ALACARTE data model (Fitzgibbon and
Wentworth, 1991).

The base for the Monterey quadrangle consists of a
shaded-relief and a topographic map. The topographic
base covers only the onshore part of the quadrangle. It is a
digital line graph (DLG) of the Monterey and part of the
Palo Alto 1:100,000 scale quadrangles provided by C. M.
Wentworth (USGS). David Ramsey (USGS) assembled
the altitude grid from 30 meter DEMs of the 7.5” quadran-
gles that make up the Monterey 1:100,000 quadrangle that
he downloaded from the USGS database in Sioux Falls.
George Saucedo (CDMG) generated the onshore part of
the shaded-relief map from a 30-meter digital elevation
model (DEM) using the technique described by Haugerud
and Greenberg (1998). Norman Maher of the Monterey
Bay Aquarium Research Institute (MBARI) prepared the
shaded-relief image of the Monterey Bay submarine
canyon and surrounding area from Simrad EM300
(30kHz) multibeam bathymetric data collected by MBARI
and the USGS. He also provided the bathymetric con-
tours. Steve Eittreim (USGS) provided imagery for the



Monterey Bay shelf (water less than 150 deep). That
imagery is available online at
<http://terraweb.wr.usgs.gov/TRS/projects/MontereySonar>.
Versions of the map with and without the shaded-relief
base are included because the gray tones of the shaded-
relief darken the lighter-colored tones of the map units.
The shaded-relief base map particularly affects the yellow
surficial units.

DATA CAPTURE TECHNIQUES

Usually 1:24,000 scale maps are not available for an
entire 100K quadrangle so a decision has to be made
whether to conduct new geologic mapping or to use exist-
ing data at smaller scales. Although approximately one
and a half 7.5° quadrangles were mapped as part of the
Monterey project, most of the area, both onshore and off-
shore were covered by good geologic maps, mostly at
1:24,000 scale. Most of the other 1:100,000-scale maps
now being prepared by CDMG required substantial new
geologic mapping before a compilation could begin. In
southern California, a multiyear mapping project, partially
supported by the USGS National Cooperative Geologic
Mapping Program’s STATEMAP component, was conduct-
ed to map all of the onshore part of the Oceanside
1:100,000-scale quadrangle. CDMG is now exploring
partnership possibilities to upgrade the geologic data on
the continental borderland to produce a seamless map cov-
ering the offshore as well.

Table 1 shows a comparison of estimates of the time
required for tasks in the preparation of a 1:100,000-scale
quadrangle made by Wagner (1997) to the time each step
actually required in preparation of the Monterey
Quadrangle. The time required for digitizing individual
7.5’ quadrangles was overestimated by a factor of 3 to 4.
Thus the earlier estimate for a single 7.5’ quadrangle of
about $2280 was clearly too high and is now considered to
be about $500 to $700. Part of the overestimation is due
to the growing proficiency of the digitizers as they gain
experience. Table 1 also demonstrates that while digitiz-
ing 7.5 quadrangles is a relatively inexpensive, straight-
forward process, tiling them together to make a seamless
map is not. The main problem here is complexities of
matching the geology across map borders (edgematching).

Several factors affect edgematching, including: 1)
inconsistencies between mappers; 2) inconsistencies in
geologic nomenclature; 3) complex geology where there
are rapid facies changes and time transgressive units; and
4) scale differences. Inconsistencies between mappers are
the most vexing problems facing any compiler of geologic
maps. These inconsistencies may arise from scientific per-
spectives of the mapper, evolution of the understanding of
the geology of an area, or the reason why the mapping was
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done. A map by an academic researcher may have a com-
pletely different emphasis than a map prepared by an engi-
neering geologist concerned with the siting of a critical
facility. Geologic nomenclature evolves over time and
unless a compiler is familiar with how the nomenclature
has evolved it may be very difficult to produce a coherent
map. As the understanding of geologic relationships
evolve, maps portraying the same rock units may be quite
different. In California for example, most of the northern
and central coastal ranges are underlain by the Franciscan
Complex, a tectonically deformed, lithologically diverse
collection of rocks now considered to be the type example
of a subduction complex. Originally named the Franciscan
Formation, mappers labored unsuccessfully for decades to
describe it in terms of classical stratigraphic nomenclature.
Eventually the Code of Stratigraphic Nomenclature was
revised to account for such situations. As a result, newer
maps depict the geology much differently than the older
ones. Economic interests drove most of the early mapping
done in California. Thus until fairly recently, most map-
ping was done in Tertiary marine terranes in search of
hydrocarbons, or in igneous/metamorphic terranes where
most mineralized rock occurs. These maps tend to lump
most Quaternary units into alluvium and mostly ignore
landslides or other features considered superficial. In con-
trast, mapping today tends to be driven by geologic haz-
ards considerations, engineering applications, land-use,
and environmental issues so the superficial features and
materials have prominence. Time and effort expended in
investigating and resolving inconsistencies before the digi-
tal compilation begins can lessen the seemingly endless
revisions after the initial compilation is completed.

Prior to beginning the digital compilation, we com-
piled an analog version of the Monterey Quadrangle that
proved invaluable. My experience as a compiler of
regional geologic maps (scales of 1:100,000 and smaller)
has convinced me that establishing the stratigraphic frame-
work and the preparation of the map explanation requires
more time and effort than the preparation of the map itself.
Preparation of an analog map is expensive and time con-
suming but it more than pays off in the long run. It is
analogous to a set of plans to guide the construction of a
building. The compiler needs to visualize how the pieces
are to fit together before the project starts and not have to
make midcourse corrections. This however adds at least a
year to the project and requires one to two person years of
geologist time.

BENEFIT OF DIGITIZING AT THE
LARGEST SCALE POSSIBLE

An unfortunate consequence of digitizing geologic
maps is that once in digital form, they appear free of scale

























































3D GEOLOGIC MAPS AND VISUALIZATION: A NEW APPROACH TO THE GEOLOGY OF THE SILICON VALLEY 23

FUTURE PLANS

This project is still in its infancy, but initial results are
extremely encouraging. We plan to continue building the
3D geologic map by addressing a wide range of tasks.
These include surface geologic mapping to address specif-
ic problems, analysis of well information, constrained
inversion of geophysical data, analysis and application of
sedimentological models, development of new tools for
improved use of the available data, and development and
evaluation of effective methods for visualization and distri-
bution of 3D geologic maps. These tasks are difficult and
complex, and we realize that we may not fully succeed in
completing them. Our experience to date, however, gives
us confidence that we will be able to construct a 3D geo-
logic map of the Santa Clara Valley that will significantly
improve upon such information as is currently available.
In the meantime, we will capitalize on the evolving 3D
map to support our scientific investigations.
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The Three-dimensional Geologic Model as an Access Portal

By Skip Pack

Dynamic Graphics, Inc.
1015 Atlantic Avenue
Alameda, CA 94501

Telephone: 510 522-0700
Fax: 510 522-5670
e-mail: skip@dgi.com

As data collection efforts and technology advance, the
amount of data potentially available to government, acade-
mic and commercial users of that data is rapidly expand-
ing. Beyond the formidable tasks of cataloguing and stor-
ing the topographic, image, geologic, geophysical, and
other types of data, models, and knowledge, it is very
desirable that survey organizations provide an intuitive
means for customers to quickly understand what forms of
data and information are available for their particular geo-
graphical areas of interest. Catalogues and map indices
can work for a research-oriented person, but for others, 3D
geologic models with entities such as symbols, lines, sur-
faces, and volumes which can then be queried to reveal
indices and display various types of the data may be a use-
ful approach. I approach this discussion from a geological
software developer/vendor’s point of view, and propose a
casual discussion group for investigation into implementa-
tion of methods for using 3D geologic modes as visual
indices. A CD with several models and a demonstration
viewer is available to discussion group participants to help
them understand and contribute to the investigation.

As of the date of this conference, May, 2001, partici-
pating geologic survey organizations are making progress
in cataloguing existing geologic maps and related data, and
designing and implementing data models and database
structures for the subsequent inclusion of the catalogued
maps and data in compatible databases. These efforts sig-
nificantly improve the chances that a geologist beginning a
new investigation will be able to find and review all or
most previous work related to the area of interest. This is
a necessary, formidable first step in a process of increasing
the utility of the geologic mapping process and its outputs
to society.

As this effort progresses, survey organizations face
additional challenges, born of technological advance, that
will need to be addressed. Enormous volumes of data
related to geology are being gathered by governments and
by commercial organizations. By law, and under varying

time scales, most of this data becomes public property
without legal access restriction. Remotely sensed geo-
physical data is the most rapidly proliferating form, but
boring/well logs, cores, well tests, and geochemical analy-
ses, form part of a long list. This data explosion has some
important characteristics. First, much of the data concerns
the subsurface, yielding the greatest value when it is used
in a full, three-dimensional context. Secondly, it is numer-
ic, in most cases, and often cannot be summarized effec-
tively in a planimetric representation. Certainly some of
the data requires animated three-dimensional representa-
tions to capture a fourth dimension. Finally, some of the
older data and almost all of the recently gathered and pro-
duced data are in digital form, either numeric, or in for-
mats that can often be used by clients, the data consumers,
in subsequent computer processes before those data are
distilled in a report, map, graphic, or other representation.
The polygons and lines that reflect the stratigraphy and
structure in a traditional geological map are the true prod-
uct, not the map itself.

The customer interface for provision of geologic data
is oriented to traditional paper systems or to digital ana-
logues of those paper systems. Catalogs and tables, with
indexical maps and graphics provide orderly access to bins
of maps and directories of digital files. This system works
well, but it lacks one desirable feature — a general ability
to relate each of the available data sets in a given region to
the others spatially. GIS systems do this planimetrically,
and are becoming the natural digital analog to the paper
systems.

Some GIS systems are extending into three-dimen-
sions, allowing effective representation of subsurface data
in a spatial context, but ultimately, a combination of GIS
techniques and concepts applied to three and four dimen-
sional geologic volume models can provide the most effec-
tive interface to the existing data for a given region. Such
models are potentially very intuitive; provide a spatial
context in three or four dimensions for volume, areal, lin-
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ear, and point data; and integrate subsurface data and
knowledge into a more accessible form. Such models bru-
tally highlight inconsistencies between data or geologic
components derived from different collection or interpreta-
tion efforts. Survey organizations would either work to
resolve the inconsistencies, or allow the models to high-
light their existence, more effectively informing the client.

Because the three and four-dimensional models can
provide a rich spatial context for most types of data, care
must be taken in accurately conveying the character of
each data set represented. Raw data, ‘cleaned’ data, mod-
els, and more generalized knowledge are all appropriate
components of a regional geological index model. The
degree of interpretation and integration are the variables in
the progression from raw data to a regional geologic
model. Descriptions of the interpretation and integration
processes become part of the model metadata.

In the realm of more or less pure data, we deal with
topographic and surficial descriptions of geology, boring
and well data directly or geophysically sampled, image
data, and a bewildering variety of geophysical data with
varying spatial contexts. The list includes many more
geo... and paleo... data types. Almost every type of data
here actually requires a measure of processing by a geosci-
entist to become what most of us would call a useful data
set for general consumption. As we move from the types
of information we tend to call data to the class we call
models, we are dealing with the degree of interpretive
input, not the sudden introduction of interpretation to the
process.

Models ultimately need to use as many dimensions as
necessary to integrate their data inputs. If all you have are
data relating to surface locations, with some shape for the
surface, a three-dimensional surface model is sufficient.
When you begin to integrate, or just represent, many data
sources into a regional model, the use of volume models,
possibly with the addition of a fourth dimension for time
becomes almost unavoidable. Perhaps not as numerous as
data types, volume model types run the gamut from struc-
ture and stratigraphic models which then allow introduc-
tion of properties related to the surfaces and volumes, to
dynamic models concerned with structural, thermal, fluid,
and geochemical variation over time. A feature of models
with more dimensions is the potential for using different
representations for specific purposes. Sections, contour
maps, and thematic maps can all be derived from the 3D
models with significant improvements in spatial consisten-
cy, containing additional information that can only be
derived from a three of four-dimensional model.

The knowledge component that should accompany the
collection of the data and model representations would
include the interpretive descriptions and discussions relat-
ed to the current representations as well as the those of the
past, contextual information, and relational information.
All of these could be available in text, audio, multimedia,
and video form. The three or four-dimensional model

could key these elements as easily, though not so directly
as the data and models.

Is it currently possible to use a three-dimensional geo-
logic model as a visual key for all the data types men-
tioned? Yes, with development that would only involve
adaptations of processes that have already been put in
place for similar purposes. An ideal combination of devel-
opment partners would involve GIS and geologic model
building software developers, with survey and academic
participation to guide implementation in the right direc-
tion. The latest PC hardware (including modestly priced
graphics accelerators) is sufficiently powerful at reason-
able cost. The highest cost will be the time and effort
required to pull all the various relevant data into consistent
three-dimensional geological models. This will always be
a steep price, but there will be specific regions of interest
where the effort will be demanded and funded. It seems
very appropriate to begin to address the flood of new data
and data types and to enable a broader survey client base
with customer interfaces that exploit the powerful, intu-
itive utility of true 3D models.

AN AVAILABLE CD

A CD was handed out at the DMT 2001 Conference to
help familiarize people interested in the use of a 3D model
as an access portal. It contains three models of two loca-
tions in EarthVision’s .faces file format, with 3D viewers
for Windows NT4, Linux, Sun Ultrasparc, and SGI plat-
forms. EarthVision is a 3D visualization, modeling, and
analysis software package developed by Dynamic
Graphics, Inc. The first model is a large scale model of
the Mahomet Valley Bedrock Aquifers developed by David
Soller and Susan Price (U.S. Geological Survey) and
Richard Berg and John Kempton (Illinois State Geological
Survey). The project was published in a three sheet map
set and can be viewed on the worldwide web at
<http://pubs.usgs.gov/[-maps/i2669>.

The second project, the Villa Grove Quadrangle, was
developed by the Illinois State Geological Survey as a pro-
totype for three-dimensional geologic mapping of tradi-
tional quadrangle-sized areas. Additional quads are now
being studied and mapped as an initial production effort
built on lessons learned on this prototype. Principal inves-
tigors were Zakaria Lasemi and Donald G. Mikulic with a
mapping team comprised of Curtis C. Abert, Richard C.
Berg, et. al. Two models are included. The first is a 3D
volume model of 18 horizons from the most recent alluvi-
um down to an Ordovician bedrock unit. The second
model, of the same area shows grain size as a geologic
property in shallower units. This volume model that is
equivalent, in three dimensions, to a classification map
from a GIS system. A data file of sample locations and
grain sizes can be posted and queried in the 3D viewer.
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The projects on the distributed CD do not contain a lot
of secondary information as delivered, but can be a starting
point for developing approaches to do just that. 1 am eager
to interact with those who have an interest in discussing
data elements and the access methods involved with the 3D
models, including adding data and methods to the models
provided as proof of concept and for demonstration of con-
cept.

To receive a copy of the CD discussed above, or to
discuss the topic above with thoughts of adding indexed
data types to a model, please contact me.
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The development of a standard data model for geologic
map information will benefit the geoscience community by
providing the common structure for describing geologic phe-
nomenon and for managing the spatial and attribute informa-
tion in publicly-accessible computer systems. 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 standard 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 has now
turned toward testing and implementation; several papers
in this and in previous Proceedings volumes describe
efforts to begin to implement the concepts, and more cer-
tainly will follow in the years ahead. Because the concep-
tual 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 have been modifi-
cations to the conceptual model as it was 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 geoscience 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 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 conceptual
model based on the Requirements Analysis, delibera-
tions of the other technical teams, and user com-
ments);

- Scientific Language (to develop standard terminologies
for the various elements that comprise geologic 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 various
implementations of the conceptual model);

- Documentation (to improve public understanding of data
model design and software tools).
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Each Technical Team is now staffed and is conducting
its assignments; progress 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 register at the site and, through comments, guid-
ance, and test-implementations, contribute to the data
model’s continued evolution.
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A Case Study in Database Design:
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THE CHALLENGE

In designing a spatially referenced geologic database
for Alaska, the Division of Geological & Geophysical
Surveys (DGGS) encountered several unique problems not
experienced by geological surveys in the rest of the United
States:

- Alaska’s size and its northern latitude combine to
complicate unified digital mapping.

- Alaska has more surface area than the next three
largest states combined

(see <http://www.dced.state.ak.us/tourism/student/
student7.htm>).

- Alaska comprises one hundred fifty-three 1:250,000-
scale quadrangle maps, 11 UTM grid zones, five prin-
cipal meridians, and GIS data in multiple projections.

The complex and sometimes active Alaskan geologic
environment supports numerous agencies that collect,
store, and distribute geologic data. The database under
construction must coordinate with data stored by at least
11 other agencies and institutions. During 2000, these
agencies tracked, among other things, 154 earthquakes
over magnitude 4.0 <http://giseis.alaska.edu/Seis/
html_docs/db2catalog.html>, 21 potentially active volca-
noes <http://www.avo.alaska.edu/avo4/atlas/intro.htm>, $1
billion worth of minerals extraction (Szumigala and
Swainbank, 2001), and nearly 400 million barrels of oil
production <http://www.dog.dnr.state.ak.us/oil/programs/
royalty/production.htm>. Geologic resources information
in Alaska changes daily, and is in high demand from the
public.

Among other tasks, DGGS is charged with producing
1:63,360-scale geologic maps. To date, only 15 percent of
the state has been mapped at that scale. Even with the
small percentage of mapping completed, Alaska accounts

for 4 percent of the entries in the National Geologic
Names Database (GEOLEX)
<http://ngmdb.usgs.gov/Geolex/geolex_home.html>. Each
geologic map produced by DGGS defines or redefines
many map units. All of DGGS’s new geologic maps are
produced using Arclnfo, a geographic information system
(GIS).

The most critical factor in preparing the database
design now is personnel turnover in DGGS. Since 1990,
the survey has changed dramatically. Certain tasks such as
hydrology have been moved to other agencies. In 1990
DGGS had a staff of 36 (not including the Hydrology
Section); at present there are 27 on staff, but only 12 of the
staff members from 1990 remain. Digital data files stored
on individual hard drives, CD-ROMS, Zip disks, and out-
dated media is at risk for corruption, loss, and obsoles-
cence due to DGGS staff turnover. A unified, centralized
data storage, entry, and retrieval system will plug this data
drain.
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MEETING THE CHALLENGE

“The DGGS geologic database system will maintain a
consistent data and information archival input, organiza-
tion, and storage architecture and will provide data identi-
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fication and retrieval functions that guide and encourage
users to access appropriate data on-line.” Milt Wiltse,
Alaska State Geologist (written communication, 2000).

Methods

The initial step in DGGS’s database design process
was an internal needs assessment. This consisted of inter-
views with individuals and working groups mostly within
the survey. Everyone in DGGS, and some key players out-
side of DGGS such as in the USGS in Alaska, University
of Alaska, and the Alaska Department of Natural
Resources (DNR), were interviewed. These interviews
resulted in a long list of function statements such as
“DGGS geologists record coordinates, an accuracy esti-
mate, date, place name, project, and comments for each
field station.” Part of this process included gathering sam-
ples of forms, reports, tables, maps, and legacy databases.
Lists of data processes, entities and attributes, relation-
ships, and rules were distilled out of this process; this was
the initial data model.

The second step of this process was verification of the
initial model. The entire DGGS staff participated in multi-
ple focus group discussions, multi-part surveys, and a
request for geologic questions. The group discussions
were used to rewrite the original model, the surveys were
used to prioritize the model, and the questions will be used
to check that all the entities, attributes, and relationships
are present. The data model (fig. 1), a robust, entity-rela-
tionship diagram, was constructed in Microsoft Visio.

Conceptual Data Model

The data model resulting from this process is subdi-
vided into seven major data groups subdivided by function
and type. The groups are field data, sample data, geologic
map objects, spatial dataset inventory, reference/legend
information, publications database, and thematic databases.
A diagram showing the data model is available in PDF for-
mat, at <http://wwwdggs.dnr.state.ak.us/download/
rfp_2002_1000_2669_app7.pdf>.

Field data includes location, descriptive, and instru-
mental data recorded in the field. Data recording is largely
manual, using state-of-the-art, analog methods—field note
books, in plain English. Field locations include three
types: outcrop observations, measured sections, and well
logs. Entities include location information, lithology
description, map unit, structural measurement, sample
description, photograph information, magnetic susceptibili-
ty measurements, water level, permafrost level, penetration
test, seismic velocity, alteration description, mineralization
description, morphology description, and paleoenviron-
ment description. If the database system is capable and

robust, field sketches and detail maps could be included as
graphic files.

Sample data comprises descriptive, instrumental, and
chemical analyses that are completed after the end of the
field season. Samples are identified by a sample number
and are always associated with a field station. These data
include whole-rock major and minor element analyses,
trace-metal analyses, isotope geochemistry, organic geo-
chemistry, coal analyses, petrography, paleontology
reports, geochronology, and materials engineering tests.
Laboratory information and cited references are related to
each sample analysis. Each analysis is related through the
sample description and sample number to a field location
in the field database.

Geologic map objects include polygons and lines.
They are generally located through analog means on hard-
copy maps and then digitized in ArcInfo or MaplInfo.
Attributes of map objects in the DGGS system are similar
to those of the North American Geologic Map Data Model
(Johnson and others, 1999). The goal is to be compatible
with both the Geologic Map Data Model and with the data
model being used to digitize 1:250,000-scale maps in
Alaska (for example see Wilson and others, 1998) as well
as to serve DGGS needs. In the DGGS data model, geo-
logic polygons have attributes including spatial definition,
lithology, maximum and minimum geologic age, charac-
teristic fossils, thickness, spatial object and dataset identi-
fication, and map unit name. Geologic line objects tracked
in the database will only consist of significant features
including faults and unconformities. Line attributes
include spatial definition, spatial object and dataset identi-
fication, type of feature, minimum and maximum age of
feature, location accuracy estimate, orientation, and feature
name. Storing a spatial definition of geologic map objects
in a relational database system will allow statewide queries
based on geologic mapping.

The spatial dataset inventory will hold or link to meta-
data elements for GIS datasets created or housed in the
DGGS system. The attributes of the inventory will be
compatible with the Federal Geographic Data Committee
(FGDC) metadata standard <http://www.fgdc.gov/
standards/documents/standards/metadata/v2_0698.pdf>
and the National Geologic Map Database (NGMDB)
<http://ncgmp.usgs.gov/ngmdbproject/cathelp/manual. html>.
Each record will include a file path name so that a user on
the DGGS system can open a selected dataset. Having this
inventory will help DGGS geologists to eliminate duplica-
tion and to share work more readily. It will also help keep
track of all the projections and grid systems so DGGS can
ensure that projections and grid systems are used consis-
tently.

Reference/legend information includes all the nomen-
clature, terminology, bibliographic information, and spatial
definitions of attributes and objects used throughout the
database. Entities include lithology, map units, named
structures, and cited references. Each entity will be
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defined and many will have internal hierarchical relation-
ships. These tables will be used to validate data entry
elsewhere in the database. This information can also be
used in making map legends, compiling metadata, and
assisting with data searches. In essence, this will be our
digital reference library and the foundation of a functional
database.

The Publications Database is, in part, a subset of the
cited reference information but contains more information
specific to DGGS publications. The publications database
will help manage data access, sales, distribution, and pro-
duction of our publications.

Thematic databases include information specific to
minerals resources and geologic hazards. Most of the
databases refer to point-type spatial objects, but some will
be line- and polygon-type objects as well. Some databases
will only contain minimal information, but will contain
links to databases held by other agencies. Database enti-
ties will include mines and prospects, coal resources, min-
erals industry activity, Holocene faults, seismic events,
active volcanoes, and geotechnical boreholes. Some of
these databases are legacy databases that will be resurrect-
ed, others are under construction now, and still others are
awaiting development of the DGGS database system.
Specific links for minerals resources will include the Alaska
Resource Data Files (ARDF) <http://ardf.wr.usgs.gov/> and
the Minerals Availability System/Minerals Industry Location
System (MAS/MILS) <http://imcg.wr.usgs.gov/dem.html>,
<http://imcg.wr.usgs.gov/cgi-bin//qalaska3.cgi>. The data-
base will link to an earthquake database, Alaska
Earthquake Information Center (AEIS)
<http://giseis.alaska.edu/Seis/html_docs/db2catalog.html>,
for seismic events and the Alaska Volcano Observatory vol-
cano atlas
<http://www.avo.alaska.edu/avo4/atlas/atlas.htm>. The the-
matic databases will be related to the geologic sample,
cited reference, and field data databases; they will be relat-
ed to geologic objects through the spatial definitions.

Data System

DGGS already has significant computer resources
including at least 45 desktop computers (running Windows
NT and Windows 2000), 12 portable computers (running
Windows 98 and 2000), six Sun workstations served by a
Sun Ultrasparc Enterprise 450, and the numerous switches,
printers, plotters, and scanners that make up our local area
network (LAN). Our GIS consists of ArcInfo8, operating
on the Sun system, and served to the Windows machines
over the LAN. It is essential that the database system
operate within these physical constraints.

Point data such as field stations and sample sites may
be located by GPS or by digitizing from maps. We will
continue to create maps and the geologic objects on them
by working on hard-copy maps in the field, then digitizing
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semi-final maps into our GIS system. Interpretation will
be facilitated by having field, sample, and imagery avail-
able in the GIS. When the maps have reached the final
technical review then geologic objects will be transferred
into the database and will have attributes assigned. Other
entities with spatial attributes will be treated like geologic
map objects, digitized and checked in the GIS, then attrib-
uted in the database. Data will be queried in the database
and then viewed in the GIS or output as tables, in custom
forms, or for use with other software.

The database system will consist of a data server, a
relational database management software package, and
connections and utilities to interface with the DGGS LAN
and GIS. It is essential that the database system be capa-
ble of holding spatial data and able to complete spatial
searches, as almost all of DGGS data has spatial attributes.
The storage capacity of the system needs to be large; our
geologic, geochemical, and geophysical map inventory
contains over 4,000 maps. The database system must also
function with DGGS’s GIS system. The database must
also be available to multiple users on SUN workstations
and on Windows machines via our LAN. DGGS geolo-
gists also need to be able to replicate spatially constrained
sets of the data for seasonal fieldwork on portable comput-
ers. At this point, we envision using Oracle 8i with Oracle
Spatial served on a Sun or Windows NT data server. We
would need to add ArcSDE to the GIS to facilitate transfer
of spatial data from project files to the database. DGGS
intends to continue to use ArcInfo GIS as its main geolog-
ic mapping, analysis, and cartographic tool and to supple-
ment it with a centralized relational database to manage all
the data.

Implementation Schedule

DGGS has issued a Request For Proposal for a con-
tract to install the database system hardware and software,
to design and program the database and supporting func-
tions, and to train staff and support the system for the first
two years. We expect to have the system installed and
operational by the end of 2001. By April 2002, we will
have digital data loaded, and will start digitizing and load-
ing our prioritized legacy hard-copy data.

During the next six months, we will be working with
other agencies in the Interagency Minerals Coordinating
Group, Alaska Department of Natural Resources, and the
NGMBDB to coordinate data transfer, and determine
Internet data needs; we will also look to the Alaska public
to determine the scope and style of Internet access to the
data. By the end of 2002, we intend to have the database
accessible to the public.

OUTCOME

The digital geologic database of Alaska will assist
with the preservation and distribution of Alaska’s mineral
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Figure 1. Entity-relationship diagram with selected entities from each of the seven functional groups

of the DGGS Alaskan geologic database.

and geologic data. DGGS has already made all our publica-
tions available on the Internet <http://wwwdggs.dnr.state.ak.us/
pubs.html> and published a guide to Alaska minerals and
geologic information (Daley, 1998) <http://wwwdggs.dnr.
state.ak.us/Libguide/intropage.htm>). The database will
help us keep these publications and information current
and will facilitate access by providing search tools. It
will also broaden the scope of the information by show-
ing where and what data is available, and how it can be
accessed. The amount of information will grow by the
addition in the database of appropriate links to other
agencies and institutions.

With this database, a casual user will be able to con-
duct searches of information and data, view the data, and
download publications and datasets, all from an office or
home. In a state like Alaska, with vast distances and
travel limitations, this kind of access is vital.
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INTRODUCTION

Web digital libraries are fast becoming a medium of
choice for gathering and accessing multiple geoscience
datasets and knowledge bases. To a large extent however,
data models and reliable tools to extract relevant informa-
tion over the Web from digital geoscience information and
exploration are still rare. Geoscientists want to access
information intuitively and be provided with contextual
knowledge bases that are at least as rich as what they are
accustomed to in a physical library or document environ-
ment. Web-enabled systems have the potential to make the
experience of visiting a digital library much richer, if
based on scientifically sound semantic data models. The
North American Data Model (NADM) is such a model and
is gaining momentum at the GSC within several virtual
library projects that address various aspects of NADM
implementation. The NADM used in most Canadian pro-
jects is a variant of the official 4.3 version available from
the Steering Committee web site
(http://geology.usgs.gov/dm/). This variant of the model is
variously referred to as “NADM 5.2, NADM 5.x and
NADM Cordlink (Brodaric et al, 1999b). In this paper, we
will only use “NADM?” to implicitly refer to “Variant
NADM 5.2”.

Important work has been done along regional or the-
matic contexts, such as the Cordlink (Canadian Cordillera,
<http://rgsc.nrcan.ge.ca/cordlink>), GASL (Geological
Atlas of the St.Lawrence, <http://www.cgq-qgc.ca/gasl/>),
Hydrolink (Canadian Hydrogeology <http://www.cgq-qgc.ca/
hydrolink/>), Moose Mountain (very detailed 3D database of
a small portion of the Canadian Cordillera foothills) and
Northern Ontario (Berdusco & Boisvert, 2001). New pro-
jects led by the GSC in partnership with provincial and

Territorial geological surveys are aimed at implementing a
nation-wide contextual data model framework and distrib-
uted database for bedrock and surficial geology.

Within the Quebec division of the GSC, we are focus-
ing our present efforts at offering interoperability between
independently constructed projects, which have led to
three distinct implementations of NADM, supporting a
web based Virtual Library. These three small databases
are a microcosm of what is emerging as an important
problem through the building of an increasing number of
virtual libraries based on NADM. It is likely that more
projects will consider NADM to support their data man-
agement and we will end up facing a problem of anarchic
proliferation of NADM database instances and web sites.
The implications of having multiple distinct databases are
well known:

1) for an end-user (either our clients or our own staff),

a global search is generally not possible unless all

databases share a common data model or dictionary,

and

2) for the organisation managing the data, more work

is needed to maintain the data holdings and to main-

tain standardisation.

The obvious solution is to merge the content of all the
small databases into a single database, but there are com-
pelling reasons that preclude this approach. An interoper-
ability approach has been used therefore, and this paper is
a presentation of the challenges and possible solutions.

The prototype we wished to create had two general
requirements:

1) The system must permit agencies maximum flexi-
bility. Imposing a database structure on each agency
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was simply not an option. Several agencies are using
a proprietary database structure to support their busi-
ness, and switching to another one would be too cost-
ly.

2) The system must go beyond “documents” and sup-
port “feature level metadata”. This means that fea-
tures composing the map (which is a document) can
also be documented and manipulated as valid entities.
The database not only keeps information about the
published document but also about the geological fea-
tures displayed on the map and how these geological
features are related to other features within the same
document or other documents.

CENTRAL OR DISTRIBUTED?

Constraints and Options

At GSC-Québec, three NADM databases have been
implemented for diverse purposes. The HYDROLINK
project built a hydrogeology oriented database, a more
bedrock/tectonic map repository has been initiated for
GASL, while the Moose Mountain project has just begun
to use NADM to store specific information about structur-
al geology and oil and gas resources. The hydrogeology
and bedrock geology communities have several common
needs for content but differ in more than one aspect. If
this kind of divergence is significant within a single organ-
isation, we can imagine that it will only increase in a pro-
ject undertaken by multiple organisations in different agen-
cies. Organisations might not only differ in their practices,
but also in their terminology, their jurisdictions and man-
dates, mapping techniques, historical backgrounds, etc.
The most acute problem is “data custody”. Most agencies
are reluctant to relinquish management of “their” data to
some centralised system as they feel they lose control over
the content of their database. They are also generally
reluctant to have their corporate knowledge managed and
directed by another organisation, while they recognise that
sharing information with the national geoscience commu-
nity is very important. In the wider context of Canadian
Geoscience Knowledge management
(<http://www.cgkn.net>), different governments, mandates,
jurisdictions and objectives rule out a completely cen-
tralised system.

The physical and technological pros and cons of a
centralised database are inherent issues of system architec-
tures and have been discussed in several advanced com-
puting papers, but these issues are somewhat external to
the problem we are facing. The problem is not one of a
classic client/server/hardware/software system architecture
but rather a more organic problem that can be charac-
terised as a need for a semantic framework for knowledge
management. The basic problem is not “how do we con-

solidate distributed databases” , but “how do we consoli-
date distributed geological knowledge and practices”.

The small multiple databases activity (Hydrolink, GASL
and Moose Mountain) that we presented above is an excel-
lent opportunity to examine how many repositories of geo-
logical knowledge can act in a distributed environment.
The progress made so far is still exploratory and more
work will be done this year to solve real life problems.

Why Not Replication?

Replication implies that each agency must maintain an
exact copy of the “global” database, and changes made to
one of the copies must be “replicated” in all other copies
to maintain data integrity. Most RDBMS vendors allow
changes to any database to be replicated to all mirrored
(copies of) databases. A set of replicated databases is in
fact a physically distributed database, but it acts as a cen-
tralised system, since the content of all those databases
gives the user the feeling that there is only one big virtual
database. This is clearly not the mechanism we want to
see as we explained earlier. Although in fact some parts of
the database can be exact replicas (formal time scales,
mineral names, etc.), most of the content of the database is
specific in either the type of content (hydrogeology versus
bedrock geology) or other aspects related to jurisdiction,
mandates or tradition. It is clear that all NADM databases
share a certain level of commonality but we are not speak-
ing of “exact copies” and therefore total replication is not
considered further.

The alternative to full replication is “partition” where
portions of the database are distributed on different
servers. For example, a given database can hold time
scales and another one can manage rock types. Another
option is to have one database holding a subset of time
scale records while the remainder are scattered among
other databases (i.e. Holocene is in database A, Palaeozoic
in database B and so on). This system still requires close
co-ordination to avoid duplicates and inconsistency, but
the overall logic is more appealing for our situation.

Semantic Interoperability

Semantic interoperability (SI) is probably the most
interesting approach to distributed databases. Crudely
explained, SI is a system that can translate (or restructure)
on the fly information from databases having different
structures and content, and can merge different result sets
into a single coherent set. Although databases used in a
given application domain (such as geology) may have dif-
ferent structures, they often have compatible content, they
address the same theme and it is often possible to map the
structure of one database to another, at least partially.
Although this seems to be the perfect system, making two
databases communicate using SI is non-trivial. The tech-
nique involves “mediators”, which are software modules
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Lithologic Dictionary

Record Class Code Text

1 Standard 551 Crossbedded Quartzarenite
2 Standard 550 Quartzarenite

3 Standard 500 Arenite

4 Region 1 550 Crystallized Sandstone

S Region 2 550 White Sandstone

Figure 7. Generalizations (records 2-3) and synonyms (records 4-5) in a lithologic dictionary.

Artifact

Original
text

block

Dictionary

Rock Code <7

Standard term
Non-standard term

Grainsize Fabric

Property tables

Structure

Figure 8. A sample data model design for lithologic descriptions.

metadata. Each lithology component in a description can
be related to predefined classifications by associating them
with an entry in a system dictionary. The dictionary con-
sists of numeric codes with one standard and many nonstan-
dard text names. Each lithology code will have preassigned
standard rock properties that will be stored in separate
description tables. Lithologies may also have nonstandard
properties that could relate directly to a lithologic occur-
rence. For example, the rock ‘551’ or crossbedded
quartzarenite would have standard properties of grain size
(sand), mineral composition (quartzose), and sedimentary
structure (cross stratified). An occurrence of ‘551’ could
have a nonstandard property of carbonate cement or brittle
fractures.

Data input for an occurrence would consist of picking
the appropriate lithology code or term from the dictionary.
Because each term would have pre-defined properties,

users would not have to reenter that information. Queries
to lithologic databases typically relate to individual proper-
ties rather than the rock terms assigned to the map unit.
For example, users may desire all units with quartz-rich
lithologies or those with a particular grain size.
Dictionaries and related property tables will allow for effi-
cient query tools to access lithology information in this
manner.

CONCLUSIONS

Important database design issues for storing map-unit
descriptions in a data model include:

- provide an intuitive means of assigning descriptive ele-
ments to the map and lithology components to which

they apply
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- where geologic objects have multiple descriptions, permit
ranking to facilitate user access to the data

- implement rock classifications as hierarchical, numeric
systems

- document rock classifications with photographs as well
as definitions to reduce ambiguity

- use dictionaries to permit nonstandard lithology terms to
be related to standard classifications

- assign standard properties to dictionary terms to make
rock type queries more flexible.
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SUMMARY

Beginning in 1998, the National Park Service (NPS)
initiated a Geologic Resources Inventory (GRI) to docu-
ment and evaluate the geologic resources of about 272
National Park System units (national parks, monuments,
recreational areas, historic sites, seashores, lakeshores,
etc.). GRI workshops have been held for 56 parks, geo-
logic bibliographies developed for 235 parks, digital geo-
logic maps produced for 11 parks (numerous more in
progress and nearing completion), and geologic reports
produced for 11 parks in Utah.

User-friendly (i.e. main users are NPS Natural
Resource Managers) GIS tools have been developed in
ESRI ArcView format for the digital geologic maps.
Applications including the NPS-developed ArcView
Theme Manager, graphical cross section viewer and leg-
end text display tools are integrated with a standard geol-
ogy-GIS model that is in development to reproduce the
components of a “paper” geologic map into a digital geo-
logic database. 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
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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 ground-
water, geomorphology, soils, and environmental hazards.
Geologic maps describe the underlying physical conditions
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 (I&M ) Program
(Natural Resource Information Division), U.S. Geological
Survey (USGS), and individual state geological surveys.
The GRI for the 272 park units with significant natural
resources consists of four main products:

1. “GRBib”, compilation of a bibliography of geologic

literature and maps;

2. “scoping sessions”, an on-site evaluation of park

geologic maps, resources, and issues;

3. digital geologic map products with accompanying

supporting information; and

4. a summary report with basic geologic information

on hazards, issues, and existing data and studies.

STATUS OF GEOLOGIC RESOURCES
INVENTORIES

In the fall of 1997, the NPS Geologic Resources
Division and Inventory and Monitoring Program spon-
sored a workshop on baseline geologic data in Denver,
Colorado. Its purpose was to receive input from the NPS,
USGS, state geological survey personnel, and cooperators
on needed basic geologic data that the NPS 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
“GRBib”, the bibliography of existing geologic maps

and literature for 235 NPS units is available on the Internet
(URL: <http://165.83.36.151/biblios/geobib.nsf>; LOGIN:

“geobib read”, PASSWORD: “anybody”) and is also pre-
pared 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 pre-
pared for these same parks. In general, after map coverage
for each park is determined, map products can be evaluat-
ed, and if needed, additional mapping projects identified
and initiated.

Park Workshop Meetings

GRI Park Workshops (scoping sessions) have been
conducted for 56 parks in Colorado, Utah, Idaho, North
Carolina, California, Texas, New Mexico, Arizona and the
National Capital area to evaluate each park’s geologic
resources. As aresult of these workshops, park teams
have evaluated existing maps for digital products and iden-
tified needed geologic mapping. New geologic mapping
may be initiated on a case-by-case basis after careful eval-
uation of needs, costs, potential cooperators, and funding
sources.

GRI staff are developing geologic-GIS standards to
ensure uniform data quantity and quality for digital geo-
logic maps throughout the National Park System. The
NPS is attempting to align these digital standards with
those of the USGS and the National Geologic Map Data
Model that is still in development. In addition to standard-
ized data definitions and structure, NPS resource managers
also need user-friendly GIS applications that allow the dig-
ital geologic map products to “look and feel” like the orig-
inal published paper maps. Pilot digitization projects are
providing additional information for the evolving NPS dig-
ital map standards.

Park workshops suggest several applications for park
resource management that can come from an enhanced
understanding of the parks’ geology as gained from a digi-
tal geologic map. Examples include the use of geologic
data:

- To construct fire histories,

- to identify habitat for rare and endangered plant

species,

- to identify areas with cultural and paleontological

resource potential, and

- to locate potential hazards for park roads, facilities,

and visitors.

Geologic Mapping and Digitizing Projects

The NPS 1&M Program has cost-shared with the Utah
Geological Survey new geologic field mapping for Zion
National Park (NP) and Glen Canyon National Recreation
Area (NRA). Additional field mapping projects have been
initiated or completed for the geologic maps for Bent’s
0ld Fort National Historic Site (NHS), Curecanti NRA,
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Florissant Fossil Beds National Monument (NM), Great
Sand Dunes NP, Capitol Reef NP, Cedar Breaks NM,
Golden Spike NHS, and Natural Bridges NM.

Digitization of geologic maps has been completed for
Arches NP, Bent’s Old Fort NHS, Black Canyon of the
Gunnison NP, Colorado NM, Curecanti NRA, Florissant
Fossil Beds NM, Great Sand Dunes NP, Hovenweep NM,
Mesa Verde NP, Natural Bridges NM and Rocky Mountain
NP. This data is available for download at
<ftp://gisO1.nature.nps.gov/>.

The NPS Geologic Resources Inventory is being
actively developed with the formal cooperation of USGS
and state geological surveys. However, many opportuni-
ties for project collaboration may exist that have not yet
been identified, and effective communication among coop-
erators is a key factor for success of the inventory.

Another challenge of inventory planning is the devel-
opment of digital map standards that are adaptable to
diverse geological conditions but still provide quality, uni-
form products and firm guidance for map developers.
Indeed, the diversity of geologic resources found in the
National Park System will provide a continuing challenge
for effective project management. The National Park
Service has identified GIS and digital cartographic prod-
ucts as fundamental resource management tools, and the
I&M Program and Geological Resources Division are
developing an efficient inventory program to expedite the
acquisition of digital geologic information for NPS units
throughout the country. Again, the NPS is attempting to
align these digital standards with those of the USGS and
the National Geologic Map Data Model that is still in
development.

Summary Geologic Reports

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.

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 prod-
ucts 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 appro-
priately 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, integrating a
variety 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 data-
base system files, and linking to a Microsoft Windows
Help file. After testing several options, NPS developers
have been implementing the Windows Help system.

This process begins with an approach using the cre-
ation of the Help file table of contents (object table). The
table includes a title, a listing of all source map units (sort-
ed by geologic age), and a list of source map references
and notes. Text descriptions of map units that are page
sorted by geologic age are entered next. For compiled
geologic maps, maps produced from more than one source
map, a unit’s description often consists of multiple map
unit descriptions. Finally, 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



90 DIGITAL MAPPING TECHNIQUES ‘01

table of contents, page through the age-sorted unit descrip-
tions, 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 pre-
served in the final product, many graphics and tables are
also supported, 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 in
figure 1) 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 descriptions 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 I&M Program has developed a
simple interactive system for displaying cross sections
using ArcView and a Microsoft Visual Basic (VB) graph-
ics 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
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 USGS
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 aerial 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 dictio-
nary 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
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Database Table Relationships for Tables
Outlined in Data Dictionary

CODEGLG.INF
CODEGLG1.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_ID m (GIS Attributes)
Windows Help File § Other Fields 9 gi\}fA};J?d
CODEGLG.HLP 1 e
(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
m CODEATD.DBF
(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 data-
base 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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on Arclnfo and integrates with user-friendly ArcView GIS
software. As per ArcView and dBase requirements, data-
base 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). For INFO
look-up tables associated with a coverage, 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

Theme Theme Type

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. See Fryer et. al., 2000, Gregson et. al., 1999 and
Gregson, 1998 for previous published (abbreviated) ver-
sions of the geology-GIS data model. The NPS geology-
GIS data model was initially based on the GIS-geology
data model published by Carl Harris (1998), with contribu-
tions from the AASG/USGS Draft Digital Geologic Map
DataModel, Version 4.2 (Johnson et. al., 1998).

GEOLOGIC THEMES

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

Theme Description

CODEGLG poly/line

Map units or geologic spatial data containing both polygon data line

describing the map units and linear data describing the interface between

those units.
CODEGLN line

limitations.
CODEGPT point

limitations.
CODEFLT line Faults.

CODEFLD line

CODEATD point
CODEDAT point
CODEVNT point

CODEVLN line
CODEDKE line

Map units or geological spatial data represented as lines due to map scale

Map units or geological spatial data represented as points due to map scale

Linear fold axes/hingelines.

Attitude observation points.

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 individua line segments

Mine and mining related features.

CODEDKS poly/line

(e.g. dike swarms).
CODEMIN point
CODESEC line Cross section lines.
CODEASH poly/line

Volcanic ash map units containing both polygon data describing line the map

units and linear data describing the interface between those units.

CODEMET line
CODEMOR line

Metamorphic grade boundaries.
Linear glacial moraine features.

Geologic point data deemed sensitive by NPS Unit.

CODEJLN line Linear joint features.
CODELN# line Contour and other lines.
CODESPF point

CODEUPF point

Unique ‘non-sensitive’ geologic point data.
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CODESUR poly/line Surficial geology consisting of both polygon data describing surficial map
units and linear data describing the interface between those units.
CODEMUT point Measured unit thickness points.

# denotes a number assigned to theme/coverage name.

Theme/Coverage Data Dictionary

At present, all of the 22 themes/coverages presented in the data model have been evaluated and adapted into a cover-
age data dictionary. Of note, each theme/coverage has several attribute fields that ArcInfo adds automatically to a cover-
age. For polygon and point coverages, AREA, PERIMETER, CODECOV# and CODECOV-ID are added to the cover-
ages polygon attribute table (.pat). For arc/line coverages and polygon coverage arc/line attribution, FNODE#, TNODE#,
LPOLY#, RPOLY#, CODECOV# and CODECOV-ID are added to the coverages arc attribute table (.aat). Two INFO
look-up tables relating to map source information (CODEMAP) and additional lithology unit data (CODEGLG]) are also
presented.

To limit the length of this paper, only four data model themes/coverages are presented. In addition to the themes pre-
sented, two INFO look-up tables relating to additional lithology unit data (CODEGLG1) and map source information
(CODEMAP) are also presented. Figure 1 illustrates relationships among data model themes/coverages presented in this
paper to INFO and dBase database tables and the Windows Help File System (CODEGLG.HLP).

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 TYPE - WIDTH FIELD DEFINITION

AREA F-4 area of the polygon

PERIMETER F-4 perimeter of the polygon (in map units)

CODEGLG_ B-4 unique internal (PAL) sequence number for each polygon, converted
from CODEGLG# (ArcInfo field).

CODEGLG_ID B-4 sequence ID-number for each polygon, converted from
CODEGLG-ID (Arclnfo field)

GLG_IDX I-6 user-defined ID-number for each polygon,

GLG_SYM C-12 age-lithology unit symbol, used to relate coverage with the
CODEGLGI1.INF look-up table

USGS_SYM C-12 geologic symbol from USGS geologic map(s)

GLG_AGE_NO N-74 number to age-sort units in legend

GMAP_ID I-6 unique number assigned to each source map by the GRI that relates
map feature to series and citation information in CODEMAP.INF
look-up table

HELP_ID C-12 code (code typically GLG_SYM value) used to link to associated

geologic text in Help File System

SPECIAL COVERAGE GUIDELINES

1. Water Areas: Non-intermittent areas of water, area rivers, lakes, ponds and reservoir, are to be captured in the
CODEGLG coverage/theme. If however, the ‘underlying’ geologic unit or units can be visually discerned on the
source map, then these areas are not to be captured in the CODEGLG coverage/theme. Intermittent bodies are not to
be captured unless the ‘underlying’ geologic unit or units can not be visually discerned on the source map. Captured
water areas are denoted in the GLG_SYM and USGS_SYM fields (see field descriptions above) with the text

‘WATER’, and a GLG_AGE_NO (see field description above) value of 99.
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2. Fault Zones: Areas mapped as fault zones are to be captured in the CODEGLG coverage/theme. These areas are
denoted in the GLG_SYM and USGS_SYM fields (see field descriptions above) with the text ‘FAULTZONE’, and a
GLG_AGE_NO (see field description above) value of 98.

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 TYPE-WIDTH

FNODE_ B-4
TNODE_ B-4
LPOLY_ B-4
RPOLY_ B-4
LENGTH F-4
CODEGLG. B-4
CODEGLG_ID B-4

GLGCNT_IDX I-6
GLGCNT_TYP 1-2
FLTCNT C-1
GMAP_ID 1-6

HELP_ID C-12

FIELD DEFINITION

internal number of arc segment From Node, converted from FNODE#
(Arclnfo field)

internal number of arc segment To Node, converted from TNODE# (ArcInfo
field)

internal left polygon number of arc segment, converted from LPOLY#
(ArclInfo field)

internal right polygon number of arc segment, converted from RPOLY#
(Arclnfo field)

length of arc segment

unique internal sequence, converted from CODEGLG# (ArclInfo field)
sequence ID-number for each polygon, converted from CODEGLG-ID
(ArcInfo field)

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 assigned to each source map by the GRI that relates map
feature to series and citation information in CODEMAP.INF look-up table
code used to link to associated geologic text in Help File System

* see Field/Attribute Code Value Lists below

FIELD/ATTRIBUTE CODE VALUE LISTS:
GLGCNT TYP (polygon boundary/geologic contact type code)

known location

2 approximate location
3 concealed
4 queried
5 approximate location, queried
6 concealed, queried
7 inferred location
8 inferred, queried
9 gradational boundary
10 quadrangle boundary
11 extent/map boundary
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.
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SPECIAL COVERAGE GUIDELINES

1. Contact Arcs in Multiple Themes: Contact arcs that are also geologic faults or are also linear geologic units (FLTCNT
=‘Y’, see FLTCNT field description above) are present in both the geology (CODEGLG) and fault (CODEFLT)
themes, or the geology (CODEGLG) and linear geologic (CODEGLN) themes, respectively.

2. Contact Arc Directionality: Contact arcs that are also faults are captured with the down-thrown fault block, if applica-
ble, on the ‘right side’ of the arc. The ‘right’ and ‘left’ sides of an arc are determined from ‘starting’ at the arc’s ‘from
node’ (FNODE_) and moving to the arc’s ‘to node’ (TNODE_). Thus, the down-thrown fault-block should be the arc
segment’s RPOLY_. For fault arcs where the down-thrown block is not or can not be determined, or is not applicable
(i.e. a fault with only lateral displacement (heave) and no vertical displacement (throw)), directionality does not mat-
ter. Fault arc (capture) directionality is primarily used for graphical representation of a fault where one side of a fault
has symbology that is different than the other side of the fault (e.g. a thrust fault with ‘teeth’ on the up-thrown side).

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 FIELD DEFINITION

FNODE _ B-4 internal number of arc segment From Node, converted from
FNODE# (ArcInfo field)

TNODE _ B-4 internal number of arc segment To Node, converted from TNODE#
(Arclnfo field)

LPOLY_ B-4 internal left polygon number of arc segment, converted from
LPOLY# (ArcInfo field)

RPOLY_ B-4 internal right polygon number of arc segment, converted from
RPOLY# (ArcInfo field)

LENGTH F-4 length of arc segment

CODEFLT_ B-4 unique internal sequence, converted from CODEFLT# (ArcInfo

field)

CODEFLT_ID B-4 sequence ID-number for each polygon, converted from
CODEFLT-ID (ArcInfo field)

FLT_IDX 1-6 user-defined ID-number for each arc,

FLT_SEG_N I1-3 number for each fault segment

FLT_SEG_T I-2 code value used to differentiate fault segment line types*

FLT_TYPE I-2 code value for type of fault offset/displacement®

FLT_LT I-3 fault and line segment type code value used for line representation*

FLTCNT C-1 flags faults that are also contacts*

FLT_NM C-60 fault name, if any, common to all arc segments with the same
FLT_IDX.

GMAP_ID I-6 unique number assigned to each source map by the GRI that relates
map feature to series and citation information in CODEMAP.INF
look-up table

HELP_ID C-12 code used to link to associated geologic text in Help File System

* see Field/Attribute Code Value Lists below

FIELD/ATTRIBUTE CODE VALUE LISTS:

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

queried

approximate location, queried

concealed, queried

inferred location

inferred, queried

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

0N W

2 reverse fault

3 low angle normal fault

4 normal fault

5 right lateral strike-slip fault

6 left lateral strike-slip fault

7 reverse right lateral strike-slip fault

8 reverse left lateral strike-slip fault

9 normal right lateral strike-slip fault

10 normal left lateral strike-slip fault

11 unknown offset/displacement

12 landslide scarp

13 detachment fault

14 high angle fault

15 right lateral fault, vertical displacement/offset unknown
16 left lateral fault, vertical displacement/offset unknown

FLT_LT (line type code)
i 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

18 thrust fault, inferred, queried

21-168 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 COVERAGE GUIDELINES

1. Fault Arcs in Multiple Themes: Fault arcs that are also geologic contacts between different geologic units or are also
linear geologic units (FLTCNT = ‘Y, see FLTCNT field description above) are present in both the fault (CODEFLT)
and geology (CODEGLG) themes, or the fault (CODEFLT) and linear geologic (CODEGLN) themes, respectively.

2. Fault Arc Directionality: Fault arcs are captured with the down-thrown fault block, if applicable, on the ‘right side’ of
the arc. The ‘right’ and ‘left’ sides of an arc are determined from ‘starting’ at the arc’s ‘from node’ (FNODE_) and
moving to the arc’s ‘to node’ (TNODE_). The down-thrown fault-block should be the arc segment’s RPOLY_. See
Standard ArcInfo Arc Attribute Fields section for FNODE_, TNODE_ and RPOLY _ definitions/descriptions. For
fault arcs where the down-thrown block is not or can not be determined, or is not applicable (i.e. a fault with only lat-
eral displacement (heave) and no vertical displacement (throw)), directionality does not matter. Fault arc (capture)
directionality is primarily used for graphical representation of a fault where one side of a fault has symbology that is
different than the other side of the fault (e.g. a thrust fault with ‘teeth’ on the up-thrown side).
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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
AREA
PERIMETER
CODEATD_

CODEATD_ID
ATD_IDX

ATD_TYPE
ATD_ST

ATD_DP
ATD_AV_ROT
GMAP_ID

HELP_ID

TYPE - WIDTH FIELD DEFINITION

F-4 area of the point

F-4 perimeter of the point (in map units)

B-4 unique internal sequence number for each point, converted from
CODEATD# (Arclnfo field).

B-4 sequence ID-number for each point, converted from CODEATD-ID
(Arcinfo field)

I-6 user-defined ID-number for each point

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.

-2 dip or plunge degrees from horizontal

I-3 ArcView symbol rotation value field, used for symbol presentation
I-6 unique number assigned to each source map by the GRI that relates
map feature to series and citation information in CODEMAP.INF
look-up table

C-12 code used to link to associated geologic text in Help File System

* gsee Field/Attribute Code Value Lists below

FIELD/ATTRIBUTE CODE VALUE LISTS:

ATD_TYPE (observation code for structural attitude point)

N=lie BEN Be BV BRI S

10
11-87

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

SPECIAL COVERAGE GUIDELINES

1. Point Placement: For most attitude point types, placement of a digitized point is at the center of the point’s graphical
symbol. However, for many attitude points that represent fault or fold type, directionality and/or attitude, point place-
ment should be on the related fault or fold arc/line.

2. Feature Symbol Rotation and Strike/Trend Values: The rotation value used to correctly orient many attitude feature
symbols in ArcView, as mentioned in the ATD_AV_ROT field description presented above, is dependent on the type
of attitude feature, the symbology used to represent that feature in ArcView, and the default or non-rotated orientation
of that symbol. For many of these features, a directional component or azimuth, either strike or trend, measured at
the locality is conveyed in the graphical orientation of that feature, and is therefore directly related to a value that
rotates the orientation of that feature’s symbol. Thus, it is possible to determine the ATD_ST value from the
ATD _AV_ROT field, and vice versa. Formulas to calculate the ATD_ST value from the ATD_AV_ROT value, and
vice versa, are presented in an appendix file, ATDAVROT.DOC.
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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 TYPE - WIDTH FIELD DEFINITION

FNODE _ B-4 internal number of arc segment From Node, converted from FNODE#
(ArcInfo field)

TNODE_ B-4 internal number of arc segment To Node, converted from TNODE#
(ArcInfo field)

LPOLY_ B-4 internal left polygon number of arc segment, converted from
LPOLY# (ArcInfo field)

RPOLY_ B-4 internal right polygon number of arc segment, converted from
RPOLY# (Arclnfo field)

LENGTH F-4 length of arc segment

CODESEC_ B-4 unique internal sequence, converted from CODESEC# (ArcInfo
field)

CODESEC_ID B-4 sequence ID-number for each polygon, converted from
CODESEC-ID (ArcInfo field)

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

SEC_ABV_O C-6 initial cross section abbreviation on geologic map

SEC_ABV C-6 cross section abbreviation on digital map

SEC_FILE C-60 file directory path and graphics file name of cross section .jpg file,
path and filename is ‘passed’ to a graphics viewer program that
displays the cross section graphic (ex. d:\blca\data\nrdata\geology\
graphics\i584a.jpg),

GMAP_ID I-6 unique number assigned to each source map by the GRI that relates
map feature to series and citation information in CODEMAP.INF
look-up table

SPECIAL COVERAGE GUIDELINES

None.

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: CODEGLGL.INF (ArcInfo), CODEGLG 1.DBF (ArcView)
TABLE FORMAT: INFO table (ArcInfo), dBase IV (ArcView)
NUMBER OF FIELDS: 11

FIELD NAME TYPE - WIDTH FIELD DEFINITION

GLG_SYM C-12 age-lithology unit symbol, used to relate the coverage with the
CODEGLG.INF or CODEGLGI1.DBF

GLG_NAME C-100 formal name of map unit, if any

G_REL_AGE C-5 relative age of geologic units

G_SSCR_TXT C-6 subscript from the map symbol

GLG_AGE_NO N -74 number to age-sort map units in legend

G_AGE_TXT C-50 geologic time period of map unit

G_MIJ_LITH C-3 code value for lithologic type*

G_LITH_ID 1-10 code value used to describe lithology

G_LITH_TXT C-100 brief text describing lithology
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G_NOTE_TXT C -254 descriptive notes about the map unit
GMAP_SRC C-100 source map(s) with organization and map series number (i.e. USGS
GQ-1402, USGS GQ-1568)

* gee Field/Attribute Code Value Lists below

FIELD/ATTRIBUTE CODE VALUE LISTS:
G_MIJ_LITH (map unit major lithology code)

EXT  extrusive igneous

IAM  intrusive igneous and metamorphic

INT intrusive igneous

MET  metamorphic

SED  sedimentary

VAS  volcanic and sedimentary

UNC  unconsolidated

Example record from CODEGLG1.INF or CODEGLG1.DBF

GLG_SYM = Qvba(pc)

GLG_NAME = Basaltic Andesite of Puny Creek
G_REL_AGE = Q

G_SSCR_TXT = vba

G_AGE_NO = 1.00

G_AGE_TXT = Holocene

G_MI_LITH = EXT

G_LITH_ID = 71

G_LITH_TXT = basaltic andesite flows
G_NOTE_TXT = volcanic lava flows with interbedded soil horizons
GMAP_SRC = 1-757; GQ-1082

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 I-6 unique number assigned to each source map by the GRI

GMAP_CODE C-4 unique 4-letter abbreviation code assigned to each source map by the
GRI

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

technique (e.g., Preliminary) and/or a term that indicates the type of
material (e.g., Surficial, Bedrock)

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 N-9.6 western limit of map in decimal degrees

GMAP_XMIN N-96 eastern limit of map in decimal degrees

GMAP_YMAX N-9.6 northern limit of map in decimal degrees

GMAP_YMIN N-96 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)
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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_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.

REFERENCES Gregson, J.D., 1998, Geologic Resources Inventory—Geologic

Resources Division, Inventory and Monitoring Program: in

Fryer, S.L., Gregson, Joe, Poole, Anne, Connors, Tim, and Heise, D.R. Soller, Digital Mapping Techniques ‘98—Workshop

Bruce, 2000, The National Park Service Digital Geologic
Map Model: Transformation from Paper to Digital,
Featuring Legends, Cross Sections, Map Notes and
Keyword Searchability, in D.R. Soller, ed. Digital Mapping
Techniques ‘00 — Workshop Proceedings: U.S. Geological
Survey Open-File Report 00-325, p.69-82,
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Special Session: Field Data Capture of
Geologic Map Information

Digital techniques for preparing and analyzing geolog-
ic map information continue to evolve rapidly. This is
especially true for preparation, in the office, of GIS-ready
products and data sets. There, digital techniques recently
have become the conventional means for creating and pro-
ducing geologic maps. As a result, the data that are used
to create these maps can become available to build map
databases. In turn, the map databases can be used for
sophisticated spatial analyses. We all recognize that, ideal-
ly, the principal product of geologic mapping should be a
database, from which both analyses and traditional maps
can be derived. To most fully address this ideal, digital
information must be created not after the maps are pro-
duced, but in the field, as the geologic observations and
interpretations are being recorded. Otherwise, only the
subset of field information deemed suitable for display on
the map will be available to the database.

However, field geologists do not yet commonly record
their observations in digital form. Many variables con-
tribute to this situation, for example:

- there exists a wide variety of hardware and software
tools,

- the cost of these tools is in many cases prohibitive,

- the rate of technological change is high, which causes
tools to quickly become obselete,

- systematic, formal evaluations of hardware and soft-
ware, by field geologists, are few in number,

- the significant differences in geologic setting and
topographic conditions in various field areas affect
the choice of optimum field system, and perhaps
most significantly,

- geologists, like any other group of people, tend to pre-
fer to work with familiar techniques that enhance
rather than constrain their activities.

To help provide more information on field data cap-
ture systems, previous DMT workshops have included the
following presentations and papers on the subject:

Brodaric, Boyan, 2000, Digital Geological Knowledge:
From the Field to the Map to the Internet (DMT’00;
USGS Open-file Report 00-325;
http://pubs.usgs.gov/openfile/of00-325/brodaric.html).

Kramer, J.H., 2000, Digital Mapping Systems for Field
Data Collection (DMT’00; USGS Open-file Report
00-325; http://pubs.usgs.gov/openfile/of00-325/
kramer.html).

Walsh, G.J., Reddy, J.E., and Armstrong, T.R., 1999,
Geologic Mapping and Collection of Geologic

Structure Data with a GPS Receiver and a Personal
Digital Assistance (PDA) Computer (DMT’99;
USGS Open-file Report 99-386;
http://pubs.usgs.gov/openfile/of99-386/walsh.html).

Brodaric, Boyan, 1997, Field Data Capture and
Manipulation Using GSC Fieldlog v3.0 (DMT’97;
USGS Open-file Report 97-269;
http://pubs.usgs.gov/openfile/of97-269/
brodaric.html).

Williams, Van, 1997, Using the GSMCAD Program with
GPS for Data Collection in the Field and as a Quick
and Efficient Way of Creating Arc/Info Geologic
Map Coverages (DMT’97; USGS Open-file Report
97-269; http://pubs.usgs.gov/openfile/of97-269/
williams.html).

At last year’s DMT workshop, the attendees asked for
a more lengthy focus on field data capture systems. This
year’s workshop therefore provided a set of oral presenta-
tions and hands-on field demonstrations, as an introduction
to techniques, software, and hardware used for digital col-
lection of geologic map information in the field. The fol-
lowing presentations were given. These are supported by
papers in these Proceedings, except as noted.

“Integrating Field Databases using Data Models in
FieldLog,” by Boyan Brodaric (Geological Survey
of Canada and Pennsylvania State University). For
more information, please see his papers cited above.

“Removing Science Workflow Barriers to Adoption of
Digital Geological Mapping by Using the
GeoMapper Universal Program and Visual User
Interface,” by George H. Brimhall and Abel Vanegas
(University of California, Berkeley).

“Using Handheld Personal Computers as Field Data
Collection Tools: Some Lessons Learned in the
School of Hard Knocks in the Wingate Wash Project
and Related Projects using FieldLog/Fieldworker
Software Exported to ArcInfo,” by Terry L. Pavlis
(University of New Orleans) and Jason Little
(California Division of Mines and Geology).

“Field Geologic Data Collection with ArcPad and
ArcGIS,” by Mike Price (ESRI). For more informa-
tion, please see the section entitled “Vendor
Presentations and Contact Information.”

“Quebec Geomining Information System (SIGEOM):
Field Data Capture module,” by Charles Roy
(Systeme d’Information geominiere du Quebec
[SIGEOMY)).
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“Conclusions From Four Years Collecting Digital Map Also, Steve Bedsole (Geographical and Environmental
Data Using A PDA,” by Van Williams (U.S. Data Services, Inc.) provided technical support to the field
Geological Survey). demonstration portion of the session. For more informa-

“Development and Use of a Laptop-Based Geological tion, please see the section entitled “Vendor Presentations
Mapping System: Experiences at the University of and Contact Information.”

Kansas,” by R.A. Black and J.D. Walker (University
of Kansas).



Removing Science Workflow Barriers to Adoption of
Digital Geological Mapping by Using the
GeoMapper Universal Program and Visual User Interface

By George H. Brimhall and Abel Vanegas

University of California, Berkeley
Earth Resources Center Digital Mapping Lab
Department of Earth and Planetary Science
307 McCone Hall
Berkeley, CA 94720-4767
Telephone: (510) 642-5868
Fax: (510) 643-8443
e-mail: brimhall@socrates.berkeley.edu

INTRODUCTION

Currently, digital mapping technology is evolving
rapidly through a challenging transitional period between
lingering use of paper and conversion to promising digital
media and electronic mapping methods. Until recently,
digital mapping has referred to various facets of this tran-
sitional phase in terms of technology: cataloging existing
maps in digital form for retrieval (Soller et al, 2000),
devising a lexicon of geological names (Stamm et al,
2000}, GIS information management (Brodaric, 2000), car-
tographic symbolization (Soller and Lindquist, 2000), pro-
duction of final maps after scanning paper based maps
(Stanford and MacKubbin, 2000), compilation and digiti-
zation (Furr, 2000), retrieving information using GIS
(Fryer et al, 2000) and visualization (Morin, 2000).
Progress has been faster in developing digital technology
to support office map production than in actual mapping in
the field. Our work is an effort to help close the gap
between the promise and productivity of digital mapping.

The status of field data collection using digital map-
ping systems as opposed to digitization of paper maps, was
summarized by Kramer (2000) including our progress
developing GeoMapper within the Earth Resources Center
of the University of California, Berkeley (ERC) (Brimhall,
1998, 1999, 2000; Brimhall and Vanegas, 2000, 2001;
Vanegas et al, 2000 ). GeoMapper in this earlier phase of
development was a pen-based system for making geologi-
cal maps in the field using Strata Software’s PenMap as a
digitizing tablet to create macro buttons expressing the
basic geological symbols for structures, contacts, and col-
ored area fills. By creating new maps directly in digital

form in the field using GeoMapper to support digital tools,
many of the aforementioned time consuming steps that are
a byproduct of the transitional phase between traditional
paper-based media and digital electronic form could be cir-
cumvented. At that point in time more than a year ago,
customization of the GeoMapper mapping legend to
accommodate a user’s local geology (stratigraphy, mineral-
ization, alteration and sample types) required a thorough
knowledge of the entire PenMap macro file programming
module suite (PenMap3, Formgen, PmwCustomizer and
RastMap). Attainment of this level of programming profi-
ciency requires both an investment of time of many
months and a technical background in programming quite
uncommon for many practicing field geologists. Hence,
constructing a mapping legend for each new project area
was a major undertaking impossible without programming
skills and a considerable investment in time. Nevertheless,
working in the ERC Digital mapping lab we completed
GeoMapper mapping legends and mapping systems for the
Western Mining Corporation (WMC) of Australia, Placer
Dome Exploration for their Getchell Mine in Nevada,
Codelco, Chile for their Chuquicamata mine, and for intro-
ductory and advanced field geology classes of the
Department of Earth and Planetary Sciences, University of
California Berkeley. We now are in our third year of digi-
tal mapping at UC Berkeley. The GeoMapper systems
were tested, refined and improved through their use in
both surface and underground geological mapping and
function well over small to large scale maps in a wide
spectrum of geological environments. GeoMapper has
also been used in the ERC in support of abandoned mine
characterization using hyperspectral visible light/infrared
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methods supported by real-time GPS and laser positioning
(Montero-Sanchez and Brimhall, 1998, 2000; Montero-
Shanchez et al, 1999; Takagi and Brimhall, 2000).

BARRIERS TO ACCEPTANCE OF
DIGITAL TECHNOLOGY

These ERC digital mapping research and development
projects provided much knowledge about the nature of the
modern mapping discipline in academia and industry.
Especially revealing aspects have been desirable features
and the breadth of technical demands on the systems cov-
ering a spectrum from new mappers in the field mapping
classes to experienced professionals. Especially important
is (1) the need to find ways to engage users whose back-
grounds in computing is limited although they may be
excellent experienced mappers. This work also revealed
(2) a number of distinct barriers to acceptance of digital
mapping that are surprisingly similar to those recognized
for acceptance of mobile computing in the healthcare
industry in daily practice (Stetson, 2001).
Acknowledgement and resolution of shortcomings is essen-
tial to advancement and acceptance of new technology.

Learning From Medicine

In healthcare, medical professionals (doctors and nurs-
es) point out that slowness to accept pen computer-based
systems is due to (1) cost, (2) cross vendor incompatibility,
(3) office workflow disruption and (4) slowness and com-
plexity of data entry. In a hospital, time is at an absolute
premium. Any system that slows down a clinician is unac-
ceptable. Stetson (2001) points out that medical software
does seem designed to meet well-known office administra-
tive requirements such as medical forms, but then ignores
the bedside and laboratory clinical requirements of how
doctors do their work with patients. Clinicians prefer digi-
tal systems that, in addition to administrative needs, meet
their own workflow preferences as practitioners so that
digital tools are both familiar enough and simple enough
for personnel to quickly grasp and use confidently while
performing their jobs.

Learning From Mapping Experience

Geological mapping has many similarities to medical
practice both in terms of technical issues in map produc-
tion in the office and performance in the field. Highly-
trained scientists and engineers conduct their professional
discipline by actively seeking information, making instan-
taneous interpretations and decisions. Contrary to com-
mon perceptions, the gravity of the interpretation by field
mappers is often no less than in medicine. Our scientific
conclusions often can affect the lives of numerous people
and the efficacy of financial investment in the billions of

dollars as in construction, water resource management,
mining, environmental applications and emergency inter-
vention and planning for natural hazards like earthquakes,
floods and landslides. Consequently, a digital mapping
system must meet the workflow needs of this user group if
they are to work with confidence and facility and to supply
vitally-important geo-spatial information and interpreta-
tions. Software systems designed largely for the office
environment of map production cannot do this effectively.
Finally, since mapping addresses three dimensional expo-
sures, existing mapping systems that support only mapping
in plan view leave a large gap in required mapping capa-
bilities.

THE PROMISE OF DIGITAL MAPPING

If proven to be practical, economical and flexible in
terms of mapping in plan or section, portable integrated
field mapping systems supported by GPS, lasers and digi-
tal cameras could soon become commonplace not only for
mapping on land, but underground, from the air, on the sea
bed, and ultimately in space on other planetary surfaces.
Resource sustainability on a global basis has become an
imperative societal goal making geo-spatial phenomena
the central scientific infrastructure. However, for digital
mapping to realize its potential to serve these needs as a
truly enabling generative technology worthy of becoming
widely adopted and ultimately replacing the traditional
paper methods while creating valuable new knowledge
about the earth, a significant challenge remains to be over-
come in software design and functionality as it does in
medicine. The present limitations are surprisingly similar
and stem from not fully acknowledging the scientific
needs of practitioners, especially as being distinct from
technological needs alone. We need to manage new tech-
nologies more effectively in doing science. Here we
address only the issue of workflow and throughput, and
view the remaining problems of cost and vendor incompat-
ibility as being dependent upon the digital mapping sys-
tems first proving to be useful before they become com-
monplace.

The Different Challenges of
Science and Technology

Science and technology are alternative perspectives of
knowledge and especially of use of instrumentation.
Science seeks a deep understanding of natural phenomena
while technology uses advanced technical means to serve
human ends. A geological map is fundamentally an infor-
mation-rich scientific document although it is produced
technically. Digital mapping technology is rightly con-
cerned with technical issues, yet another important dimen-
sion of the map is its scientific knowledge. This scientific
knowledge is created by a highly-trained scientist with
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needs in the field quite distinct from those of office per-
sonnel who produce the map and deal with data base man-
agement. In some organizations, the mapper and map pro-
ducer are one in the same individual. Recalling space
exploration, man is the “most extraordinary computer of
them all ...(whose) judgement, nerve and ... (ability to)
learn from experience still make him unique” among
instruments (John F. Kennedy in Sorensen, 1965). In
advancing GeoMapper, we have viewed our challenge then
to be in constructing a software architecture that above all
else enables the scientific mission in the field and provides
a compatibility with subsequent map production needs so
the two activities become mutually supportive.

We perceive two main challenges in mapping soft-
ware design. The first is creation of an effective visual
user interface to manage mapping tools, graphics and files
for local geology in such a way that the system being used
actually feels to a geologist like normal mapping and pro-
duces professional quality maps at a rate sufficient to make
the system cost effective by eliminating unnecessary paper
media steps. Secondly, the software also needs to offer a
practical means of incorporating the essential stratigraphic
and lithological features of a wide range of geological ter-
ranes so that each geologists can begin new projects with-
out delay using a newly-created and appropriate legend.
With respect to both challenges, it is impractical to require
users to know even macro language programming to create
a usable visual interface for their work. The visual user
interface constitutes the entirety of the link between their
professional scientific skills and the new digital tools at
their disposal. With this interface they confront the reali-
ties of nature to be mapped; therefore it must be familiar,
comprehensive, easy to use and easy to personalize to
local setting otherwise it is a formidable barrier.

GEOMAPPER UNIVERSAL

It is essential to realize that when we geologists map,
we are in fact practicing our scientific discipline in the
field through observation, exercising reasoning and using
the scientific tools intrinsic to geology. A visual user inter-
face must provide much more than graphic tools like
points, lines and areas, colors and data bases in a generic
visual user interface. The term “user friendly” does not
convey much of the requirement as it does not inform one
of what is really necessary to provide utility. Here we pre-
sent our recent advances in designing the second genera-
tion of GeoMapper (GeoMapper Universal) with totally
new visual user interfaces for a geologist to readily per-
sonalize the mapping legend for local geology on a project
basis, learn the mapping system and readily conduct digital
geological mapping using the scientific methods of field
geology (Brimhall and Vanegas, 2001) including mapping
in section view. Unless digital mapping capabilities meet
both technological and scientific requirements of field

geology as it is practiced today and are robust and easy to
use, adoption will come only slowly after each barrier to
use is removed. Present mapping capabilities with tradi-
tional methods are immensely powerful and the tools are
simple and inexpensive. Traditionally, a geologist carries
a map board with colored pencils, paper maps, a compass
and scales. This tool box is quite similar to that of a doc-
tor or a nurse. By practical necessity, the tools in both
cases have evolved to the point of near perfection for what
they present: an inexpensive, portable, light weight paper-
based medium proven by the test of time to offer the
essential information of science at the lowest cost.

EVOLUTION OF MAPPING AS THE
SCIENTIFIC BASIS OF GEOLOGY

Mapping using paper media has been a core discipline
of professional geology in the U.S. for a century in federal
and state agencies, industry and academic training.
Interaction between these groups has proven mutually ben-
eficial to advancing mapping techniques and science. The
traditions have been proven globally in all types of field
conditions, varied geology, and project scope from rapid
reconnaissance to detailed mine mapping at a variety of
scales. Mapping has evolved considerably from scientific
support of mining by the U.S. Geological Survey
(Lindgren and Turner, 1894, 1895) which set an interna-
tional standard of excellence in surface mapping, color
folio map production, cross sections and general scientific
interpretive utility. Industrial geologists, initially in the
Anaconda Company in Butte Montana, developed stan-
dardized mapping procedures for underground mines form-
ing the basis of compilation of plan level maps, serial
cross sections and three dimensional geological models
used in exploration, development and resolution of vein
apex mining law litigation (Brunton, 1901; Linforth, 1914;
Sales, 1929, 1941; McLaughlin and Sales, 1933;
McKinstry, 1948). To prepare students for this growing
geological field, systematic field mapping classes for
undergraduate students were instituted in the US and
Canada; one of the first in 1892 at the University of
California, Berkeley by Professor Andrew Lawson. Over
the next half century, training in surface mapping evolved
(Derry, 1947) and remains a requirement in the curricula
of most earth science programs including intensive sum-
mer field training. Three kinds of information uniquely
accessed in the field are addressed: direct observation and
measurement, age relations and interpretation (Compton,
1985). Field camps still provide the systematic training of
young geologists to address district scale investigations.
Map compilations by the AAPG on a continental scale
(Derry, 1980) especially correlation by lithotectonic units,
age of the sea floor and orogenesis (Muelberger, 1996)
provide the basis for crustal evolution models, ocean basin
dynamics, metallogenic provinces, and energy resource
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appraisal. This evolution in mapping and ever-increasing
use of maps in earth sciences, means that the challenges
facing digital mapping are considerable and demand an
exacting set of standards of digital systems, flexibility, and
immediate adaptability. Digital mapping cannot compro-
mise these professional standards and succeed.

What We Do in the Field and How We Map

To offer more than a generic graphical tool pad with
device drivers for pen input and control of electronic
instrumentation, it is essential to design a geological user
interface around the practical needs of earth scientists and
engineers to map field relationships and to produce fin-
ished maps and data bases as part of our workflow.
Fundamentally, all mapping is a reasoned abstraction; a
simplified scaled rendering and projection of complex
reality made visible through observation on the small
scale of exposures which are mapped on larger scales onto
a chosen plane of projection as a representation. We
reduce four dimensional space-time to a two dimensional
plane with line, area and symbol attributes to convey time.
Orientation and numerical data are related to symbols.
How and what we map are determined by our purpose,
map scale and time frame. In adapting digital tools for
mapping, there are advantages in retaining traditions in so
far as they remain useful and provide familiarity and conti-
nuity that aid learning a new digital system.

Interactive Feedback in a Continuum of
Geo-spatial Activity

In the process of developing GeoMapper to implement
mapping in a style even approaching the practicality and
level of excellence developed over the twentieth century,
one is forced to confront the profound complexity of what
we geologists actually do in the field and call “geological
mapping.” Geological mapping is the practice of system-
atically delineating, classifying and recording a complex
variety of natural geological features in an organized and
disciplined fashion and applying the scientific method of
hypothesis testing using graphical relationships. The body
of necessary knowledge is immense. Cognition and spatial
problem solving is an on-going part of mapping which is
then, intrinsically, a real-time process. Through the
process of mapping, new insights continuously emerge
from the map patterns which provide guidance as to what
features to map next, which direction to go next, and
which multiple working hypotheses to entertain until one
proves superior to the others. Hence, geological mapping
is an interactive, real-time scientific discipline which
accommodates identification of complicated geospatial and
temporal features, flexibility in interpretation, error assess-
ment in making interpretations, and managing unforeseen
complexity in the earth as it unfolds on a developing map.

The Mapping Continuum and the
Visual User Interface

Translated into a digital formalism, mapping proves to
be a great deal more than what is often referred to in the
digital media world as “field data capture, 3-D modeling,
GIS analysis, data base management or visualization.”
Mapping is, in practice, all of these processes undertaken
together simultaneously in real-time outdoors or under-
ground immersed in nature. Mapping is not a sequence of
discrete point measurements although to non-geologists it
may appear so. Instead, mapping is a continuum of activ-
ities requiring one to keep oriented, located, and continual-
ly aware of their lithological and structural environment.
In the transition from paper to digital records, digital map-
ping has been to some extent disintegrated into separate
component parts so that each component can take advan-
tage of a specific digital tool; some in the office and others
in the field. In making a digital mapping field system
however, all the parts need to function together in harmony
and be readily accessed and implemented in the routine
that mappers deem convenient and essential to workflow
and throughput. The problem is that while technological
adaptation and substitution can mimic and replace certain
traditional mapping procedures, we need to reintegrate the
component parts of the new digital technology around the
actual activities of the scientist in the field using the visual
user interface and pen stylus as the sole control. Our focus
has been on finding the most direct means of mapping
using digital technology with as few interruptions and
departures from how we normally map.

Digitizing Tools

GeoMapper uses a variety of digital tools including
Strata Software’s PenMap as a digital graphical tool imple-
menting powerful components of mapping in the style of
an “electronic plane table.” In computer usage these tools
are points, lines, symbols and areal pattern and color
attributes which are located graphically as geo-spatial fea-
tures. Through the GeoMapper visual user interface we
organize such raw graphic tools and file structures into a
geological formalisms such as lithology, formations, struc-
tures etc. Device drivers for using digital GPS and laser
equipment in surveying are also an integral part of the
PenMap tool package.

GEOMAPPER UNIVERSAL’S
ARCHITECTURE

GeoMapper uses several computer programs to exe-
cute the mapping process in a manner consistent with
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INTRODUCTION

In the last 2 years, development of handheld comput-
ers with sunlight readable screens and significant mass
storage that does not depend on conventional hard disk
technology has afforded the opportunity to revolutionize
field geology. These devices are relatively inexpensive yet
rugged, have sufficient battery life for several days of field
work, and are small enough (1kg or less) that they can be
easily carried in the field in nearly any environment. Gone
are the days of the “lonely field geologist with map, note-
book, compass and hammer in hand crossing the wilder-
ness”. That geologist may still be lonely and walking
across the wilderness, but will now carry a handheld
device(s) that simultaneously acts to replace the conven-
tional map, notes, and camera that were the routine field
gear of the 20th century geologist. Technologies exist for
a “black box” device that could serve as an all in one loca-
tion tool (through gps), visualization tool (through comput-
er and display), and compass/inclinometer (automatic
“brunton’’) and there is no doubt these devices will be used
routinely within a decade. Thus, the geoscience communi-
ty must come to grips with this evolving technology and
develop a better method for both data acquisition and data
management.

Perhaps most important in this context is that new
field studies will need to be thought out carefully from the
outset, not only in terms of their scientific objective, but
also the plan for data management and data release in
forms that will be widely available. Presently, software
lags far behind hardware in potential applications to geo-
logic problems, and until that software void is filled the
community will probably resist the inevitable conversion
to these technologies. In essence, the geoscience commu-
nity needs its own “killer ap” to convince the general geo-
science community to switch over to these new technolo-
gies. Presently there is no software that approaches this
“killer ap” potential, and the burden is on the geoscience
community to move beyond the present status quo.

At the University of New Orleans we began experi-
menting with the software and hardware for handheld
devices 4 years ago, and have variable degrees of success
in implementation. We have largely avoided the use of
conventional wintel PC based system because of both cost
(our intent was to use the devices in field classes) and lim-
itations of battery life+weight+durability of these devices.
This paper outlines some of our successes and failures in
this context. We use as our primary example a study in
eastern California where we used this technology through-
out the research project and have developed a database
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that includes all the basic field observations during the
study. We have also used the systems in other settings,
including in the very wet and cold environments of the
southern Alaskan coastal ranges, and with groups of stu-
dents in field classes working in the California desert.

THE WINGATE WASH PROJECT

In 1997 we began a detailed 1:24k mapping study of
the Wingate Wash area in the eastern California desert.
The work was initiated through a basic research grant from
NSF, but was expanded after funding from the USGS
National Cooperative Mapping Program’s EDMAP com-
ponent for two student theses in the area. Final prepara-
tion of the GIS database is being accomplished through the
California Division of Mines and Geology.

The study area encompasses parts of Death Valley
National Park as well as the China Lake Naval Air
Weapons Station (NAWS), each of which presented dis-
tinct logistical challenges. For the park, our work was
located in a newly declared California desert wilderness
area. As a result of wilderness restrictions, all access to
this area was restricted to what could be carried by pack
horse or on our own backs. This restriction placed
extreme limitations on field gear because we needed
equipment that could use either lightweight disposable bat-
teries or that could be charged with a small solar panel. In
the case of the NAWS reservation, the logistics were com-
pletely different. Our initial work involved daily com-
mutes of ~40 miles on slow, dirt roads and frequent hourly
restrictions brought on by military exercises. In this case
field efficiency was the primary consideration and any sys-
tem that required extra time in the field was considered a
liability. Some of our work from NAWS involved “car
camp” setups at the boundary between NAWS and Death
Valley National Park, and hiking to areas in the park from
these camps. These camps had no serious weight restric-
tions for supplies, but weight restrictions on devices were
a major consideration because these areas required some
very long (>10km) hikes across alluvial fans to get to the
areas of interest.

These logistical considerations were a primary factor
in our decision to use a data collection system based on
handheld devices rather than conventional wintel PC based
systems. At that time the smallest laptop computers were
>2kg, color screens were virtually invisible in the bright
sunlight of the California desert, and battery life was gen-
erally <2hrs. As discussed below, some of these restric-
tions have now been resolved with wintel systems, but the
weight/battery life issue is still a real consideration in
choice of systems where long hikes are involved in daily
field work.

These limitations led us to choose a field system based
on the GSC FieldLog package (http://www.gis.nrcan.gc.ca/)
for data compilation and a commercial package for the

Apple Newton handheld called Fieldworker. Use of FieldLog
also required a laptop for data compilation, and a second
commercial program, AutoCAD <www.autodesk.com>, to
serve as the map drawing tool and database engine behind
FieldLog. Total investment for the system was ~$500-
1000/handheld device, $500 for handheld software, $2000
for a laptop (not a real expenditure in this case, however,
as this was not a new purchase), $400-$1000 AutoCAD
software (academic pricing; commercial prices are signifi-
cantly higher), $600-900/digital camera and ~$500 for
incidentals (batteries, solar panel, cables, gps, etc.). Our
initial funding was insufficient to purchase all of this
equipment and thus, the entire field crew was not outfitted
with the devices until we were nearly two years into the
project. The cost for this system remains similar today,
although with the demise of the Apple Newton, the field-
worker software has been ported to WinCE devices and
these are the devices we presently use.

History—A Case of Ignorance Wastes Hours

We began the work totally ignorant of use of the sys-
tem and were still reading software manuals and experi-
menting with new hardware hours before we began the
work. This approach is not recommended because each of
us who used the system initially were ready to throw the
device off a cliff after the first day of use. This frustration
was not entirely due to ignorance of the system, however,
because most of our initial frustrations stemmed from
wasted time in the field fiddling with menus and learning
the quirks of the software. Moreover, for veteran field
geologists dragging out a keyboard, untangling cables,
pushing buttons and monitoring equipment requires the
learning of a new, largely alien, field routine and many
will probably never adapt to the change. Most of our
group, however, adapted to the system reasonably well
within two days and were completely comfortable with the
system in a week. This was particularly true of students
who typically were comfortable with the system by the
end of their second day.

Our biggest ignorance-related mistake was a failure
to develop a logical data structure for the project prior to
beginning the field work. As a result our first field season
of notes required extensive editing and reformatting for
eventual incorporation into the database. After attending a
two day GSC shortcourse on the FieldLog software, how-
ever, this problem was largely eliminated, although new
problems ultimately appeared. As the project progressed
we became relatively comfortable with use of the handheld
devices for routine recording of structural data and notes.
Nonetheless, most of us never adapted to several data
recording features that should typically be developed in a
full geologic GIS. Specifically, the data structure recom-
mended by the GSC includes a series of long pick lists for
developing GIS tables on the fly for point data such as
rock types (which includes tables on textural features, sed-
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imentary structures, etc), mineralogical variations (e.g.
phenocryst types in volcanic units), and photographs.
Although these data would have been extremely useful in
later interpretation phases of the study, we quickly aban-
doned routine recording in these data tables in the field
because it required too large of an investment in our most
valuable field commodity: time to carefully look at the
rocks. Our conclusion was that these data could easily be
added at a later date from the field notes, and thus, the lab
was the more efficient place for doing this data entry.

Digital photographs and logging these photos into a
database poses a special problem. In the early generations
of cameras and handhelds that we initially used there was
no control on file names for the photos until the photos
were downloaded to a laptop. Thus, file names of field
photos could not be logged until the end of the day after
downloading—a very tedious task at the end of the day.
Later devices eliminated this problem through PCMCIA
flash card readers. These devices allow photos to be trans-
ferred to a handheld, or at least change file names on the
photos to something that could be logged into the data-
base. Nonetheless, even this process caused loss of valu-
able field time, and as a result we typically did not link
field photographs into the database until the later, data
compilation phases in the lab.

By the second year of the project we had a relatively
streamlined data collection system and daily additions to
the database were routine. Nonetheless, our map compila-
tion and map production lagged far behind our field note-
based database. That is, all of our maps were paper field
sheets until well into the second year of the project. The
problem was, like earlier problems of database manage-
ment, brought on primarily by ignorance. That is, the first
author was an AutoCAD neophyte and because map man-
agement techniques had neither been taught at the GSC
shortcourse nor had yet been incorporated into the
FieldLog manual, this task was avoided until we learned
how to deal with these issues. Ultimately through hours of
time with AutoCAD manuals and numerous communica-
tions to GSC personnel, we managed to incorporate a geo-
referenced topographic base into our project and were able
to plot all of our station data (including structural symbols)
onto the base map. In addition to the basic learning time
of adapting to the AutoCAD drawing tools, we probably
wasted as much as 3-4 person days in troubleshooting var-
ious problems that arose during georeferencing and datum
conversions. This wasted time was partially the result of
our simultaneously learning of the AutoCAD and FieldLog
interfaces, but also resulted from quirks in the FieldLog
extensions that are not well documented and are difficult
to diagnose for a FieldLog/AutoCAD neophyte.

After overcoming these hurdles, map compilation in
AutoCAD/FieldLog went relatively smoothly. The effort
was time consuming, but in the end we believe this map
compilation step is important step in developing an accu-
rate geologic map that would be lost in a full-fledged digi-

tal acquisition system. Specifically, with several individu-
als contributing to the map there were the inevitable dis-
crepancies at boundaries between the mapping by different
individuals. Moreover, as we compiled the map line by
line, we recognized errors that were unrelated to this clas-
sic “map boundary fault” problem; e.g. dangling contacts,
contacts that clearly disobeyed v’ing rules for known dip,
etc. Thus, compilation led to a series of field checking
days to correct map discrepancy; an important step in
insuring map accuracy.

Based on this experience, we believe that serious con-
sideration should be given to how these kind of problems
will be resolved as we ultimately move toward full on the
fly digital mapping. Had we simply merged three inde-
pendently compiled maps, it is clear that some of the dis-
crepancies in our mapping would not have been recog-
nized. That is, we probably would have been able to
resolve the map boundary “faults” but it would have been
difficult to diagnose our more subtle mapping errors.
Thus, a case can be made that a standard map compilation
step, like the one required by FieldLog, may be a preferred
method to insure map accuracy. We believe this is an
important topic that needs discussion by the broader geo-
science community.

Following completion of the map compilation phase,
we used the data export capabilities in FieldLog to gener-
ate a series of files in ArcInfo export format (“e00” files)
from the AutoCAD linework, and these files were trans-
ferred to the GIS lab at the California Division of Mines
and Geology.

When written to Arc export format, each data set is
reduced to an ASCII text file that lists all the attributes,
tolerances, and X Y coordinates of each vital point on the
map. This file is then read by ArcInfo and converted into
a spatial database called a coverage. A peculiar problem
resulted when these files were read to the Unix-based sys-
tems at the CDMG. The normal filename extension for
these files is .00, but the Wingate files had an extension
of .EQ0. ArcInfo did not recognize the .E0O extension as a
valid format because of case sensitivity in Unix; an easily
resolved, but initially confusing problem in the export file.

The second hurdle was a bit more challenging. When
attempting to import the line data from the Wingate Wash
project, the process repeatedly failed, giving a “segment
violation” error message. By reviewing the .00 file in a
text editor, it became apparent that FieldLog had stored
and exported line records containing over 500 vertices or
shaping points. Since Arc only stores lines in chunks of
only 500 or less points, importing the FieldLog data was
impossible without modification. These modifications
meant opening the .e00 file in a text editor and manually
splitting the records for long lines into two or more
records, and then editing the rest of the .e00 file to match
the new line records. An .e00 file is generally a long and
monotonous list of x,y coordinates, elimination of this step
would save a great deal of time and eyestrain. After this



118 DIGITAL MAPPING TECHNIQUES ‘01

edit step, the line coverage imported without difficulty.
See figure 1 for an overview of this process.

The structural data, stored as a point coverage, was
much easier to work with than the line coverage. The ini-
tial import process went smoothly and the data was dis-
played on the screen within minutes of receiving the file.
The only modification made to this file was the position-
ing of the dip annotation for bedding symbols. The dip
numbers were positioned directly over the center of the
symbols, making the data hard to read. Each dip number
has a different offset relative to its associated point, based
on the strike or rotation of the symbol. In light of this, an
AML (a script using arc macro language) was written to
perform this task automatically, thus saving the writer
hours of tedious labor.

Once the files were imported into ArcInfo the data
was edited for line errors and laid over a vectorized topo-
graphic base map. The process of labeling the polygons,
which adds areal information to the database, is being
done manually by referring to a hand labeled map of the
area. While it is common to import polygon information
to and from ArcInfo using .e00 format, the given data did
not include anything beyond points and lines. If this is
truly a limitation of the FieldLog system, this, combined
with the long line issue discussed above, make exporting
FieldLog data to ArcInfo an unfortunately cumbersome
process. It is possible that we may have been able to save
some time in this step by using fills (hatch commands) in
AutoCAD to develop polygon objects. Nonetheless,
because the manual does not specify this as a option we

.EQO file

&ef_

.e00 file

'

Fatal Error
~segment violation

Arclnfo Import process for Wingate line data

Edit .e00 file manually.
Split all line records of greater
than 500 vertices into smaller
segments.

Wingate_lin

Figure 1. Flowchart outlining the process used to import the line data into Arclnfo.
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decided it was potentially a time consuming task that
might not lead to the desired result. An ESRI extension of
AutoCAD (ArcCAD) would have served this function as
well, and we experimented with this program. However,
given the uncertainties of this program, we opted to not
use it in developing the output geologic map objects.

One feature that we tried to develop fully in the map
themes of the GIS was a distinction between linework lay-
ers into the four basic types of geologic contacts and the
standard 3-part division of geologic contacts based on
accuracy. That is, the linework themes were organized
into depositional contact, intrusive contact, fault, and
unconformity themes, with different layers for bedrock
contacts vs approximate (dashed) vs inferred (dotted) con-
tacts. We believe this approach is a critical one that should
be routinely used as more maps become true GIS systems
because distinction of these fundamental attributes is a key
factor that would allow GIS applications to produce a
more easily understood geologic map.

Finally, we note that when the full GIS is completed,
ALL of the basic field data as well as lab data (geochemi-
cal and geochronological data) collected during this study
will be incorporated as point, line and polygon themes that
can be readily manipulated. Perhaps most important in
this context is that nearly all of our photographs will be
incorporated into the database. Thus, in the final product,
the user of the map will be able to query the database and
get various field photographs from different points within
the study area.

OTHER APPLICATIONS OF THE
FIELD SYSTEM

In addition to the Wingate Wash study, we also used
these systems in field studies in southern Alaska, and for
one upper division geology field class. Each of these
cases had unique experiences worth noting.

In the Alaskan field studies, the first author was the
primary user of the field system. He worked with two dif-
ferent research groups during 3 field seasons using this
equipment, but no coworkers opted to use the system.
This initially was largely a problem of insufficient equip-
ment, but later, when equipment was available, coworkers
resisted using the equipment for two reasons. First, we
had not allotted specific time for training on the equip-
ment. From previous experience we knew that at least two
days of working with the software was needed before most
workers were efficient at using the system. Given the cost
of our logistics—primarily helicopter-based field sup-
port—we all agreed that it was unwise to use these sys-
tems where the benefit was low relative to the cost of the
field effort. Second, all coworkers on these projects were
veteran field geologists who had well established field
techniques. Thus, unlike students, there was a tendency to

resist use of the systems in favor of well-established tech-
niques.

In these Alaskan projects most of our work was not
standard geologic mapping. Rather, much of our effort
was in collecting outcrop based point-data; e.g. fault kine-
matic data, sampling, metamorphic fabric measurements,
etc. Some conventional mapping was done, however, and
FieldLog ultimately proved very useful for map construc-
tion. Where point data were used, the database capabili-
ties, particularly the spatial query feature of FieldLog,
proved very useful for structural analyses; e.g. outlining
structural domains for plotting on stereographic projec-
tions.

In the case of the undergraduate field class it is not
clear that our experience is a good representation of using
these systems as a field tool because: 1) the first author
was still learning the system at the time the class was actu-
ally taught; hence, he made many mistakes in teaching
with the system; and 2) we had a serious equipment prob-
lem with new Fujitsu pencentra handhelds—a bad serial
port prevented using GPS systems to log position into the
database. Note, this problem has yet to be resolved as of
this writing and poses serious questions on the use of
Fujitsu devices (see below). The combination of these two
problems produced extreme frustration among the students
with use of the system because they largely failed to rec-
ognize the time-saving features of the applications.
Nonetheless, the students adapted very quickly to using the
system in the field. Specifically, by the second day of
field work they had no problems with routinely using the
systems.

APPRAISAL OF SYSTEM

The field system used in these studies functioned well
for its main intended purpose. That is, as a basic database
engine for map compilation and field data entry through a
handheld device. The final product that will arise from the
Wingate Wash project will be a great deal more than a
simple digital geologic map. Instead it will contain a rich
database attached to the map in a standard GIS format.
Thus, future researchers can draw on much more than a
geologic map, which is inherently difficult to analyze by
itself, and users will also have full access to all the basic
field observations. Thus, clarification of field relationships
left unresolved by this study will be much simpler for
future workers, because all these data will be available.
We hope that this study can serve as a basic model for how
many future geologic mapping products are released.
Nonetheless, this product will undoubtedly be considered
primitive in the near future as the technology progresses.

Although the system achieved its basic goals, we
believe that we are still far from a “killer ap” for geologic
mapping and field GIS systems. The learning curve for
adapting to the field system is sufficiently steep that most
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geologists would probably not take the time to develop the
expertise to independently put together a project like the
Wingate Wash database. In a large organization, where a
dedicated staff member might become proficient in the
more subtle features of the program, some of these prob-
lems would be less apparent. That is, routine data entry
and data manipulation in the software is easily learned in a
few days, particularly by younger workers like the geology
field class who had no difficulty adapting to the system.
However, what those students did not necessarily recog-
nize was that many hours were spent “behind the scenes”
in preparing the databases and maps that were needed for
the field work. Thus, someone has to devote the time for
these efforts, and that time investment is significant.
Admittedly, once the basic setups are learned, these steps
can be done more efficiently, but until a member of an
organization obtains those skills, the system can be very
frustrating to use. In academia this responsibility will
invariably fall on the shoulders of a faculty member, and it
1s doubtful most faculty would devote as much effort as
the first author did in this study.

In addition to the setup times for a project, the
FieldLog system also ultimately requires export to a stan-
dard format such as ArcInfo or Maplnfo for release in a
form that would be more widely available to the public.
These steps require yet another layer of expertise, at some
level, to take the geologist’s product and convert it into a
form for widespread distribution. This was, in fact, the
intent of the software as developed by the GSC; i.e. to
insulate the geologist from the nuts and bolts of GIS sys-
tems and allow the geologist to focus on the geologic
problems at hand. Although true in theory, in practice the
system may not actually achieve that goal. This is particu-
larly true in small organizations or an academic environ-
ment where there is no staff member, other than the geolo-
gist, to handle the data conversions and final GIS prepara-
tion. Indeed, the use of the AutoCAD/FieldLog system
also requires significant training with a moderately steep
learning curve which, although less steep than software
like Arclnfo, is probably comparable to programs like
ArcView. Admittedly, once the user becomes comfortable
with the drawing tools of AutoCAD it is a much richer
drawing environment than the rather limited drawing tools
of ArcView. Nonetheless, it is debatable that this drawing
environment is worth the effort required in personnel and
data conversions that result from use of the AutoCAD
environment.

We will probably continue to use this system for one
to two years because we have already invested in the hard-
ware, software, and training needed to use the system.
Nonetheless, the software is developing rapidly and it may
be necessary to move to a different system more quickly.
Specifically, two new products may offer a software solu-
tion that will combine the best features of the GSC sys-
tem—highly portable handheld devices with long battery

life and a simple user interface for the field component—
with the full-features of a GIS system like ArcInfo. These
are:

1) ESRI’s porting of the ArcView system to windows
CE devices (“Arcpad” see: <www.esri.com>). As
advertised, this software package appears to allow
field data entry similar to the features in
Fieldworker <http://www.fieldworker.com/> as
well as limited drawing tools for entry of line and
polygon data onto a map.

2) A new version of Fieldworker that retains the famil-
iar data field entry of older versions of fieldworker,
but also allows for map display and map data entry.

‘We have not yet used either of these products, howev-
er, and cannot yet give an appraisal of their ease of use.

THE FUTURE?

It seems clear that in the very near future handheld
devices will revolutionize all field data collection, both in
the earth sciences and in other field sciences. They afford
the opportunity to log a rich range of information that is
routinely collected by the field observer, and will ultimate-
ly afford new types of data collection. The simplest, and
most obvious example of a technology that already exists,
is the use of a recording compass/inclinometer device to
replace the familiar brunton compass. Unlike the devices
we have used to date, which in many cases are a time sink,
this type of device would potentially lead to huge increas-
es in the efficiency of field work because routine measure-
ment and recording of structural features could be accom-
plished in a fraction of the time required with a conven-
tional compass.

Although some of these data may be useful for the
field observer, the primary value of collecting these data is
for use by other researchers who may, in later years, be
interested in a field area and would like access to as much
information about the area as they can possibly obtain. As
data collection systems become more sophisticated, it may
ultimately be possible for a continuous video stream to be
recorded during all field operations; a data set that could
be extremely valuable, but also difficult to manipulate.
Other tools now available include laser ranging devices,
which allow detailed mapping of cliff faces without having
to climb to the sites, and high-precision differential GPS
systems that can log real time positions to cm levels of
precision. Both of these devices may ultimately force
geologists to modify many traditional field procedures in
the interest of increased accuracy afforded by these
devices. That is, in cases where logistics allow easy
access, it might be preferable to walk all contacts while
recording positions, or survey in contacts, rather than the
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traditional field method of making point observations and
drawing map contacts because the high-tech methods
allow a much higher level of accuracy to the field data.

APPENDIX: HARDWARE EVALUATION
AND CONSIDERATIONS FOR PURCHASE
OF HARDWARE

In this study we were fortunate to have a large equip-
ment grant that ran concurrently with the field study.
Thus, we were able to experiment with several different
devices. Although our equipment inventory was far from
exhaustive, we learned several critical things during the
course of the study. The following is not a recommenda-
tion of what to buy, but what to look for when evaluating
equipment for purchase.

First, in the choice of any field computer, be it a hand-
held device or a wintel PC, the choice of display is critical
for success of field operations. Until recently color dis-
plays were essentially unreadable in the field and the only
practical field displays were monochrome. This has
changed in the last two years with develop of transflective
displays. Nonetheless, these displays also have important
problems. Specifically, in many of these systems the dis-
play is very good in bright sunlight—although admittedly
colors are often odd, but is murky and hard to read in nor-
mal lighting. Thus, in some cases (e.g. the Fujitsu
Pencentra 130) the device is excellent in the field, but has
little value for other applications indoors. In other cases
(e.g. the Fujitsu Stylistic LT) the advertised transflective
screen is useless because the manufacture used a shiny
screen coat that reflects sunlight and glare makes the trans-
flective feature marginal for most conditions.

Second, digitizer options can greatly affect the func-
tionality of pen interfaces. Since most handhelds, and
most wintel systems worth using in the field, use a pen
interface, the nature of this interface is very important in
ways that are not obvious at the outset. There are two
general classes of digitizer: EM digitizers and touch-screen
systems. Of the two, the touch screen systems are most
widely available and are universal on handhelds.
However, they have serious limitations, particularly where
they serve as a replacement for a mouse as a pointing
device. Specifically, they suffer from two problems: 1) if
the digitizer is excessively sensitive, an accidental contact

of a hand on the screen can make the cursor “jump” across
the screen—not desirable if you are trying to carefully
draw a line; and 2) the cursor cannot track the pen on a
touchscreen and thus, the “pen down” command in a draw-
ing mode can produce unwanted problems, particularly if
the digitizer is inaccurate. In our experience it is the sec-
ond problem that is most frustrating. That is, when using a
touchscreen for drawing, you do not generally know exact-
ly where the line will start until the pen first contacts the
screen, and if this position is wrong—either by an inaccu-
rate digitizer or the user holding the device at an odd
angle—the lines will be mislocated, requiring annoying
editing at a later time. In sketch modes this can produce
whole lines that are mislocated, or in point-click digitizing
modes (straight line segments connecting digitizing points)
this can lead to erratic digitizing errors. Some newer win-
tel system get around this problem by allowing a separate
button to operate as a “mouse click” so that the cursor can
be moved to the right position, then the “click” activates
the point. However, this procedure undoubtedly takes
some time to adjust to. EM digitizers do not suffer from
this problem because the system tracks the cursor when it
is in close proximity to the screen. Unfortunately, EM dig-
itizers are expensive and have largely been replaced
because of cost-consciousness of most users, particularly
in the handheld market.

Third, the form-factor of a handheld or wintel PC is
also an important decision. In PC’s the choice of laptop vs
pen tablet is a personal choice that should not be made
lightly. Laptops/clamshell systems are best for typing, but
are hard to use in a drawing mode; i.e. the keyboard gets
in the way of hands and it is very easy to accidentally
strike a key. On the other hand, pen tablets require an
external keyboard or reliance on handwriting software
(still less than perfect); an awkward arrangement that
requires getting used to.

Finally, we have also experimented with several gen-
erations of digital cameras. These devices have evolved so
quickly it is difficult to make useful appraisals, but any
user should recognize the importance of rapid data trans-
fer, and file naming problems inherent in these devices.
Thus, for field systems the user should always purchase a
PCMCIA flash card reader to allow routine data transfers
and file naming needed to keep track of field photographs.
This option is inexpensive for Smartmedia cards and
Compact flash, but to our knowledge is still not available
for Sony’s proprietary “memory stick” devices.
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The Province of Quebec, one of the 10 provinces of
Canada, covers 1.7 million square kilometers north of the
New England states. The richness of its mining potential
is well known, and is located mainly in the Abitibi area
where famous examples of Kuroko copper deposits are
described. The gross income related to the mining indus-
try is about US$ 2 billion. Mining exploration expenses
per year are about US$ 50 million. The Ministry of
Natural Resources is the custodian of the mining activity,
spending about US$ 20 million per year to support it.

Géologie Quebec is the division of the Mining Sector
responsible for field survey and the main geographic infor-
mation system (SIGEOM). SIGEOM has been developed
over the last 10 years, with data entry being performed at a
rate of US$ 1.2 million per year. It currently holds nearly
all of the province’s mining vector information. More than
131,000 outcrops, 23,000 faults, 139,000 contacts, 8,000
folds, and 14,000,000 chemical results are stored in
SIGEOM’s database. Clients can choose from more than
15,000 products related to geoscientific information
(<http://www.geologie-quebec.gouv.qc.ca>, products head-
ing).

The system is designed with a corporate perspective.
It reflects the mission of the organization, and it supports
processes from data capture to data distribution. In this
respect, the field data capture modules are no exception.
The objectives are both to achieve corporate objectives
and to give the maximum flexibility to the end user.

A paper model, called Geofiche, is used by geologists
in the field. The information is then transferred to an
Oracle database using input forms. Over 140 validations
are applied to achieve a high degree of standardization.

This process is located at the end of the Autonomy vs
Corporate objectives spectrum. The very structured
process minimizes the differences that exist in different
geological environments and between field geologists.
Although the argument is relevant, the overall possibilities
offered by the legend and symbol library give a great num-
ber of possible combinations, minimizing the threshold of
standardization. The addition, modification and edition of
classification parameters, although always subject to man-
agement approval, also contribute to the flexibility of the
system.

In order to assure that the overall objective of data
integration and delivery to clients is uncompromised, noth-
ing is developed independent of the system.

Field data modules are part of the importation func-
tion family used to load the system with external data.
The Geofiche module is the second version, organised
around a highly compatible Oracle environment from a
previous one built on a Clipper platform.

The capture of computerized information is done dur-
ing the field season, at night, using a desktop or a laptop
computer that runs Oracle and MicroStation software.
Data transfer to SIGEOM is done at the end of the summer
by exporting the Oracle database and re-importing into the
SIGEOM structures. The geometric features are then con-
structed using highly tailored functions specially designed
to build the outcrop description and regional geological
features. Using this streamlined procedure, and regardless
of the scale or the details, a preliminary map is produced
within three months of completion of field work. A final
version is then developed, incorporating thin section and
geochemical analysis details.
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INTRODUCTION

Recording geological field observations on a personal
digital assistant (PDA) is a practical and effective first step
toward digital map compilation in the field. A small
investment in equipment and time can increase productivi-
ty substantially. Advantages include elimination of digitiz-
ing of attitude symbols and of double entry of numeric
data; notes and photos linked directly to the draft geologic
map onscreen, quick search of notes for key phrases;
reduced risk of data loss, more compact and portable note
archives, and more legible and better organized notes that
can be shared across a mapping team. Disadvantages are
the cost of the PDA, time investment to become skillful at
hand writing intelligible to the PDA, and hand writing
recognition that is generally slightly slower than pen on
paper. Advantages of a PDA are multiplied when used in
conjunction with GPS, a laptop computer, and a digital
camera. In addition to holding traditional field notes,
PDAs support sketches, data entry forms with check boxes
and pull down lists, drill hole databases, and even topo-
graphic base maps and orthophotos.

DISCUSSION

Field geologists engaged in geologic mapping are
pressed by ever increasing expectations on the rate of pro-
duction while at the same time they are given the addition-
al task of delivering the data in digital form. One response
has been to try to increase efficiency by developing and
adopting practical techniques to collect points and lines in
digital format during the course of field work, rather than

collecting analog data by traditional methods and convert-
ing it to digital format in the office. The Canadian
Geological Survey (Brodaric, 1997) pioneered digital field
compilation using the original PDA, the Apple Newton.
USGS field mappers have followed and now have several
years of experience using later generation PDAs such as
Palm Pilots or Pocket PCs (Walsh, 1999a, 1999b,
Williams, 1999). In this brave new world the rapidograph,
greenline, and field notebook are becoming superfluous.

To date, PDAs at the USGS have been used primarily
to record point attributes, either on customized data entry
forms or as freeform notes and sketches. The recent intro-
duction by ESRI of ArcPad software running on some
Pocket PCs has allowed some users to begin also collect-
ing lines drawn over map or orthophoto images.
Previously, methods of line collection in the field
described by Kramer (1998) required much heavier and
more expensive specially constructed ruggedized laptop
PCs.

Methods used for collecting field notes on Palm Pilot
PDAs at the USGS fall into two main categories. One
uses a system of forms with text boxes, check boxes, and
pick lists to populate a database. These forms can be
designed fairly easily using the Pilot Forms program from
PenDragon, a Visual Basic addin from AppForge, or other
programs. Forms for Windows CE PDAs can be designed
using Microsoft Embedded Visual Basic, which is a free
program that requires some programming skills. To a lim-
ited degree they can also be designed within ESRI’s
ArcPad application.

A form-based system may be the best choice to ensure
complete data collection to populate a highly structured
database, but it may not be the best approach to entice
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beginning users. Perhaps for that reason, some USGS
geologists prefer to use freeform notes. From these geolo-
gist’s perspective, forms are slower, a little more compli-
cated to learn to use, and may be perceived as stifling indi-
viduality. Few field geologists collect their data on paper
forms, and most will be more receptive to recording data
digitally if not required to change their familiar format.
Later, they may come to see some convenience in cus-
tomizing forms to fit their own preferences.

Numeric attitude data recorded in freeform notes
entered using the Palm “Memopad” or the Pocket PC
“Notes” applications can still be extracted automatically to
generate attributed point databases if the numeric portion
is flagged (Williams, 1999). This requires more program-
ming support than a forms-based approach, but appears
simpler to the geologist in the field. Digital field photos
and sketches drawn in PDA paint programs can be linked
to the notes and database on a laptop PC or even on a
pocket PC-type PDA.

In addition to generating digital field notes, PDAs
offer the geologist quick reference to large graphical data-
bases while in the field. For example, a geologist in the
field drawing contacts between glacial geologic units may
have to rely excessively on landform interpretation in
areas of poor exposure. Referring to a database of water
well drillers’ logs stored on the PDA may provides a peek
into the subsurface and improve the interpretation.
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placed in different locations from map to map. Lastly, the
computer allows for easy map compilation and presenta-
tion.

One of the biggest advantages for using GIS software
and a database approach to geologic maps is that it forces
students to classify features as they enter data in the field.
Because of this, students cannot return at the end of the
day with maps where they do not understand the nature of
some of the geologic contacts. This makes the students
much more aware of how they map and that they must
examine features in the field.

Perhaps the most telling episode to us about the value
of the field-based computer approach is an experience we
had with the teaching assistant (TA) for the 2001 under-
graduate field camp. This TA was the same graduate stu-

dent who took the graduate course three years earlier and
disliked the system (see above). After being a TA and
working with the field computers for three weeks, he
declared that he wished he had the opportunity to use the
system in his field mapping.
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ABSTRACT

Lithologic class definitions are based on descriptions
of observable features in an Earth material. The structure
of lithologic descriptions is recursive in that an Earth
material may consist of parts that are also described as
Earth materials. A hierarchy of lithologic classification is
based on degree of specificity of class definitions.
Lithologic classes have an implicit spatial dimension that
is the volume of the rock body that can be considered rep-
resentative of the class. Rock volume units are defined to
identify and characterize rock bodies in the Earth. These
units are described as aggregations of lithologic constituents
with particular relationships between the constituents.
Lithologic classification for a geoscience database system is
designed to classify the lithologic constituents used to
define rock volume units. Because of differences in scale
and geologic focus, different classification schemes for
lithologic constituents can be defined, with overlapping
domains of classification. Lithologic classification is thus
non-unique.

INTRODUCTION

One of the major goals of geoscience is to describe
and understand the Earth. This is typically pursued using
an analytic approach. A geologist starting to study a new
area first collects observations in the field, to determine
what sort of geologic phenomena are present. As map-
pable units are recognized, they are defined. A mappable
unit is an identifiable part of the earth that can be distin-
guished at the chosen map scale from adjacent parts of the
earth. A geologic map depicts the distribution of mappable
units on the mapping surface. By delineating the distribu-
tion of the mappable units, the geologist determines the
spatial and geologic relationships between the units. The

logic of the geometrical disposition of geologic map units
is one basis for determining geologic history (Ady, 1993).

The definition of mappable units is the fundamental
problem that must be solved by a geologist in the field.
The process is complicated for many reasons. The Earth is
heterogeneous. There are continuous variations in many
rock properties at many scales. Not much of the Earth is
directly observable. The definition of mappable units will
reflect the interests that motivate a geologist to study the
geology of an area, as well as the experience and educa-
tion of the geologist (Brodaric and Gahegan, 2000).

The Earth is typically subdivided into bodies of mater-
ial that can be recognized based on some observable fea-
tures. Two common approaches to defining rock bodies
are 1) to define bodies bounded by surfaces that can be
identified (e.g. a stratigraphic unit bounded by marker
beds); and 2) to define bodies based on identifying charac-
teristics of the material itself (e.g. a particular kind of
granite). In the first case, the lithology of the rock body
itself may be relatively consistent, but does not provide
sufficient conditions to identify the unit; the boundary sur-
face must be identified to determine if a particular segment
of the Earth is within or outside the unit. In the second
case, the properties of the rock body itself define sufficient
conditions to identify the unit. Rock units of this second
type are the focus of the following discussion and will be
referred to in this paper without further elaboration as
‘rock volume units’. Although any observable feature may
be used to define a rock volume unit; this paper is con-
cerned with rock volume units whose definition is based
on lithology (physical characteristics of a rock).

Rock volume units are rock bodies that are identified
by a set of defining lithologic characteristics. The defini-
tion of a rock volume unit has an implicit dimension over
which the defining characteristics may be considered
homogeneous (Table 1). This dimension defines the
smallest volume of rock that is representative of the entire
unit. This representative volume is analogous to a unit cell
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Table 1. Rock volume ‘unit cells’ have different dimensions.

Volume Unit type | Definition Dimension (m)
Pluton Defined by typical hand sample 0.1
Turbidite Series of beds showing Bouma sequence 1
Glacial till Outcrop of large-block polymict sedimentary breccia 10 m
Tectonic mélange | Tectonically interleaved rocks from different settings 100 m

in crystallography. Many rock volume units are heteroge-
neous at several scales. This heterogeneity is accommo-
dated by either expanding the representative volume of
rock in the definition, or by defining the unit as composite,
with more than one lithologic component, each with its
own ‘defining representative volume’. A composite unit
definition must also include a description of the character-
istic relationships between the lithologic components.

This paper is a discussion of some of the rules and
assumptions underlying the definition of rock volume units
necessary to form a classification system.

CLASSIFICATION SYSTEMS

A classification system is a scheme for assigning
members of a set to membership in subsets of the set. A
classification system must include several parts. A funda-
mental, and easily overlooked, part of the system is a defi-
nition of the domain of classification — that is the set of
things that may be classified under the scheme. Secondly,
there must be a definition of the kinds of criteria used to
determine membership in a particular subset — referred to
as a class. The third part of a classification system is the
collection of class definitions that provide the criteria for
assigning objects in the domain of classification to mem-
bership in a particular class. A practical classification sys-
tem must provide unambiguous criteria to determine class
membership. The criteria for class membership must be
defined such that different observers can agree on the clas-
sification of particular objects.

Different kinds of classification systems are defined
based on the multiplicity of the mapping between objects
in the classification domain and the classes in the system
(Hainaut et al., 1996):

Total — a thing in the classification domain belongs

to at least one class

Disjoint (exclusive) — a thing in the classification

domain may belong to only one class

Covering — a thing in the classification domain

belongs to one and only one class (total and disjoint)

Free — a thing in the classification domain may
belong to 0 to many classes (neither total nor disjoint)

ROCK VOLUME UNIT CLASSIFICATION

The purpose of classifying rock volume units is to
provide a basis for identifying and describing particular
bodies of material in the Earth. This may occur in a num-
ber of contexts. The field geologist develops a classifica-
tion system for rock bodies in a map area in order to
define mappable units. A map compiler uses classifica-
tions assigned to rock volume units to determine similarity
between map units on different maps, or as criteria for
forming composite map units. A non-expert geologic data
consumer uses the classification system to identify rock
units of interest without having to study the descriptions of
the units in detail. Earth scientists use standard classifica-
tion systems to characterize rocks as part of the process of
describing them. These applications highlight two sorts of
classification—one aimed at identifying particular bodies
of rock in a particular region, and one aimed at grouping
similar kinds of rock that may be present in many places.
Both of these sorts of classification are based on similar
criteria, but differ in their degree of specificity.

This varying degree of specificity leads to a hierarchy
of classification that is an inherent part of the classification
system. At the top of the hierarchy are classes with non-
restrictive definitions, and relatively large membership.
Each level of the hierarchy narrows the definition for class
membership, grouping classified objects into smaller and
smaller subsets.

Classification of rocks thus varies along two major
axes—the degree of classification specificity and the
dimension of the representative volume classified. Hand-
sample-dimension lithologic classification systems are
designed to group kinds of rocks based on a 1-30 cm
diameter representative volume. A particular hand-sample
rock name, based on a naming scheme like that proposed
by the British Geological Survey (e.g. Robertson,1999), is
a very specific kind of rock volume classification meant to



ROCK CLASSIFICATION FOR GEOLOGIC MAP DATABASE APPLICATIONS 135

identify a particular rock body characterized at the dimen-
sion of a hand-sample. A geologic rock-volume map unit
is a relatively specific classification meant to identify a
particular rock body, but the dimension of the representa-
tive volume may vary from hand-sample size to km-scale.
A lithologic map unit is a less specific rock-volume classi-
fication meant to group similar kinds of geologic rock-vol-
ume units.

Because what we observe is determined by our biolo-
gy, there is a level of rock classification that is ‘natural’ to
most people. At this basic level, chunks of sensory input
are processed as a whole, not an aggregation of parts,
much in the manner that we recognize a face (Lakoff,
1987). Everyday rock names recognized by non-geolo-
gists represent this basic level of rock classification. Such
terms include granite, schist, gneiss, sandstone, slate and
marble. A basic-level classification system for a trained
geologist would include a wider variety of classifications,
but the exact list would depend on the experience and the
interests of the geologist. Basic-level rock classes are
identifiable without close inspection, limiting the classifi-
cation criteria to features observable with the unaided
human eye. This places an effective minimum dimension
limit on the order of 1 cm, and a maximum dimension
limit on the order of 300 m—about the largest mountain-
scale outcrop that can be taken in at one look.

This basic level rock classification should form the
core (most commonly used part) of a rock-classification
hierarchy in a geologic data system. Only simple fabric
and mineralogical criteria are applicable to this sort of
classification. More specific rock classes, which sub-
divide the ‘basic level classes’, are defined using more
subtle criteria, e.g. detailed modal mineralogy, grain-size
distribution, or fabric criteria. More general super-classes
group basic-level classes, typically based on more theoreti-
cal, genetic criteria, e.g. igneous, sedimentary, metamor-
phic, intrusive, extrusive, or based on compositional
grouping, e.g. terrigineous, carbonate, pelitic.

Because the basic-level rock classification used by
geologists is based only on simple fabric and mineralogi-
cal criteria, it is insufficient for a classification system that
unambiguously defines class membership. The system
works well for common rocks that are similar for the pro-
totypes for each class, but classification becomes ambigu-
ous for rocks that do not clearly match a prototype. The
boundaries between the classes are fuzzy, and lithology
varies continuously over many descriptive variables. The
basic level classification does not clearly define bound-
aries between many classes in the lithologic continuum,
e.g. gneiss vs. schist, sandstone vs. mudstone, hornfels vs.
slate, granite vs. diorite, cal-clastic sandstone vs. lime-
stone. Consensus among geologists on the exact defini-
tions of the boundaries can not be expected, and in many
cases will seem arbitrary. Nevertheless, these boundaries

must be unambiguously defined in a geologic information
system useful to both geologists and non-geologists, such
that the results of queries to the system are predictable,
comprehensible, and reproducible.

The domain for a rock volume unit classification sys-
tem is defined to be ‘any volume of the solid Earth that
may be described for the identification of a particular
material body in the Earth’. The representative volume
used to define a rock volume unit must be large enough to
be characterized as an aggregate of constituent parts
(Richard, 1999). In practical terms, this means the small-
est representative volumes are on the order of 1-10 cubic
centimeters.

A rock volume classification system for use in a geo-
science information system must be total, so that any rock
can be classified. However, there are many examples of
rocks that can be recognized as belonging to more than
one class, depending on the criteria used for classification.
Examples include low-grade metasedimentary rocks that
may be described as metamorphic rocks and as sedimenta-
ry rocks, saprolites that may be described as surficial geo-
logic units and as their bedrock parent, and calc-lithic
sandstone that may be classified as both a sandstone and a
limestone. Any classification system that attempts to
define disjoint classes over the entire domain of ‘rocks’
must define ad hoc rules for classifying such rocks into
unique classes, or add numerous new classes that include
such composite kinds of rocks. A better solution is to
allow separate classification schemes, based on different
classification criteria, that are designed to classify rocks
within some sub-domain of rocks. The domains of classi-
fication for these schemes may overlap, but classes in any
particular scheme are disjoint. Rock volume classification
over the whole domain of rocks is thus overlapping, or not
disjoint.

In order to produce a classification system for rock
volume units that allows different observers to classify
rocks in the same way, the system must be based on physi-
cal properties of the rock recognizable by all observers.
Strict adherence to this rule would not allow use of genetic
interpretations in the classification of a rock volume unless
they could be couched in purely descriptive terms. The
properties used for field classification include modal min-
eralogy, grain size, grain shape, rock fabric (the arrange-
ment of grains in an aggregate to form the rock), and
structures in the rock (bedding, layering, etc.). Rock vol-
ume units may be defined based on other physical proper-
ties, such as magnetic susceptibility or density, but these
are not generally used as field criteria.

In order to gain acceptance in the geoscience commu-
nity, any rock classification system needs to be consistent
with common usage. This may require some relaxation of
the strict adherence to observable physical properties as
criteria for classification, because traditional rock classifi-
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cation has always involved some genetic interpretation
(igneous, sedimentary, metamorphic are fundamentally
genetic). The operational rules for consistency are that
existing terms may be redefined to narrow their meaning,
but may not be redefined to include rocks that are not
included as part of that class in common usage.

DEFINITION OF A ROCK VOLUME UNIT

The definition of a rock volume unit is a description
of the characteristic properties, homogeneous on the
dimension of the representative unit volume, that provide
sufficient grounds for assigning membership in the rock
volume unit. The essence of the unit definition is thus the
description of a rock volume. Using an analytical
approach, a rock volume is described as a collections of
parts and relationships between parts. The lithologic com-
ponents of a rock volume unit definition used to define a
geologic rock volume map unit are ‘base level’ lithologic
classes chosen by the geologist as dictated by their experi-
ence, the nature of the geologic environment, and the goal
of the geologic mapping program.

At the smallest scale of lithologic description, the
parts of a rock volume are grains of individual mineral
substances. This is the scale of standard ‘hand-sample’
rock classification, e.g. a granite is a rock that consists of
an aggregate of quartz, K-feldspar, and plagioclase in cer-
tain proportions with a certain fabric (relationship between
grains). This description may serve to define a single
lithologic component representative of a homogeneous
granite rock body (a pluton). More complex rock bodies
that are internally heterogeneous are built up of parts that
are themselves rock volume units. For example a con-
glomerate consists of an aggregation of clasts, each of
which may have its own rock description. A migmatite is
a mixed rock with particular kinds of rock-volume compo-
nent parts in a particular arrangement. Some kinds of
rock volume units are defined without specifying the
hand-sample-scale description, for example classes like
till or breccia do not depend on the particular hand-
sample scale kinds of rock in the rock body. By expanding
the dimension and complexity of the parts used to define
a representative volume for a rock volume unit, units of
arbitrary complexity may be defined.

DATABASE DESCRIPTION OF ROCK
VOLUME UNIT

A rock volume unit description may be modeled as an
aggregation of constituents and relationships between con-
stituents, in which each constituent may be some other
rock volume unit or a previously defined lithologic con-
stituent (Figure 1). This model is structurally recursive—
the modeled thing (rock volume unit) is a component in

the model of itself. A lithologic constituent, which corre-
sponds to the basic level rock classes discussed above, rep-
resents the smallest rock component that may be a part of
a rock volume definition. Based on the discussion above,
this will typically be a hand-sample size rock, identified
simply by a classification in a previously defined classifi-
cation scheme, or by a complete description that defines a
more specific, particular rock. The description of a litho-
logic constituent is recursive in exactly the same manner
as a rock volume unit description, but in this case, the
smallest component is a mineral species (Richard, 1999).
In both the rock volume unit and lithologic constituent
descriptions, each part in the aggregation may have a role
in the whole (e.g. phenocrysts in a hand sample, irregular
veins in a migmatite unit), and also may have relationships
to other parts in the aggregation.

Clearly, some constraints are desirable to assure that
the descriptions of rock units are not absurd. Formal state-
ment of the constraints is difficult. Intuitive constraints
include: 1) Constituents playing a particular role in an
aggregation must be distinct from other constituents in the
same role. For example, if there are two kinds of quartz
included in a sandstone, both playing the role ‘cement’,
then there must be criteria to distinguish the two kinds of
quartz (e.g. transparent quartz, and inclusion-rich quartz);
2) The representative dimension that defines a constituent
should be equal to or smaller than the representative
dimension for the unit as a whole. For example, a tillite
(representative dimension-10’s of m) could not be a litho-
logic constituent playing the role ‘clast’ (with dimension
< 1 m) in the description of a cobble conglomerate; 3) In
most cases, a rock volume unit can not be a constituent of
itself, but this rule has exceptions, for example in extrusive
volcanic autobreccia units.

CLASSIFICATION IN A GEOSCIENCE
DATABASE

Rock volume classification has two important func-
tions in a geoscience database. First, in the case of a rock
description, a lithologic constituent of a rock volume unit
may be identified using a standard rock classification in
cases for which a detailed description of the actual litho-
logic constituent is unavailable or unnecessary. Second, in
cases for which lithologic constituents are described in
detail, assignment of the constituent to a standard rock
classification allows users to search for standard kinds of
rock without having to design queries that analyze the
complete description structure. A lithology field in a rock
description database is a place for classification of the con-
stituents used to define rock volume units.

Different earth scientists with different geologic foci
may use different basic-level classification schemes.
Individual rocks may be classified differently using differ-
ent schemes. Different rock classification schemes have
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RockVolume Unit

N

Aggregation of constituents (parts) forms RockVolumeUnit (whole)

RockVolumeUnitConstituent

Constituent

A

AN

Role of Constituent

Each constituent has a role in the Whole

Relationship Between Constituents

Constituents may have relationships to other constituents

A constituent is either a Basic-Level rock class or a RockVolumeUnit

BasicLevel Rock Class Lithologic Constituent

Basic-Level Rock Class

Figure 1. Simple schema for description of rock volume unit. Notation is based on UML.

different classification criteria, and may have different
domains of classification. The domains of different
schemes may overlap, but each scheme must be covering
(total and disjoint) within its domain of classification.
The approach to a lithologic classification proposed
here is fundamentally descriptive. Classification of a
lithologic constituent is based on observable features of
the material, and assignment of a material to a lithologic
class implies that certain descriptive criteria are met.
These criteria must be defined in the database in order to
document the classification system. The descriptions that
define the lithologic classes also serve to provide default
values for rock properties that are assigned to a lithologic
class, but not described in greater detail. The definition of
a lithologic class must be associated with a classification

scheme that defines the domain of classification and clas-
sification criteria. The definition must state the dimension
of the representative volume for the class, the criteria that
are sufficient to assign membership in the class, and to the
extent possible, a default description of other aspects of
rocks that are assigned to the class.

How many classification schemes for subdomains of
the domain of earth materials are required? This question
does not have a clear answer. Several different subdo-
mains for classification of hand-sample-dimension litholo-
gy are commonly recognized by earth scientists. Surficial
materials are classified according to properties related to
the deposition of the material and weathering of the mater-
ial at the rock-atmosphere (or hydrosphere) interface.
Igneous rocks are classified according to properties related
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to the crystallization of the rock from a melt. Sedimentary
rocks are classified according to properties related to the
deposition of sediment and diagenesis of the sediment to
form rock. Metamorphic rocks are classified according to
properties related to the changes in the rock that make it a
metamorphic rock. Other subdomains are identified based
on more specific genetic origins. Volcanic rocks are clas-
sified according to composition and eruptive processes that
affect lithology, and the domain of volcanic rocks overlaps
with that of sedimentary and igneous rocks. The domain
of biogenic sedimentary rocks overlaps with that of epi-
clastic sedimentary rocks. The Science Language
Technical Team (http://geology.usgs.gov/dm/steering/
teams/language/charter.shtml) formed under the auspices
of the North American Data Model Steering Committee
(http://geology.usgs.gov/dm/steering/) is currently develop-
ing standardized language for a rock classification system
for the basic lithologic constituents of rock volume units.

There is no standard method of classifying map-unit-
scale rock bodies according to lithologic criteria and many
approaches are possible. Various classification systems are
possible, each with some spatial scope and geologic intent.
Until systematic approaches to such classification can be
formalized, the usefulness of map-unit scale classification
systems outside of their original spatial and thematic
domain will be a function of how clearly the classes and
boundaries between the classes are described.
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INTRODUCTION

The title expresses goals the Kansas Geological
Survey (KGS) has been working toward for some time.
This report extends concepts and objectives developed
while working on an earlier effort for effective interactive
digital maps on the Internet. That work was reported to
the 1998 DMT Workshop in Champaign, Illinois (Ross,
1998). The current project goes beyond previous efforts
that focused on methods for serving the contents of a geo-
graphic information system (GIS); the points, lines, and
polygons representing features of the digital geologic map
and the data in the attribute tables of the GIS describing
those features.

In this project, real-time links are developed between
an interactive geologic map of Montgomery County,
Kansas, and related digital data and images stored in data-
bases independent of the GIS. Most significant is the link
established to the recently developed Kansas Geologic
Names Database. Progress with the project was facilitated
by the timely development of appropriate technologies,
particularly improved software architectures.

The Kansas Geologic Names Database (LEXICON)
has evolved, with extensive modification, from the text
files used in publication of KGS Bulletin 231, Lexicon of
Geologic Names of Kansas (through 1995), edited by
Baars and Maples (1998). Development of the database
was reported at the 1999 DMT Workshop in Madison,
Wisconsin (Collins and Look, 1999). As indicated in that

report, the database development process was a practical
aid toward implementing the North American digital geo-
logic map data model.

This report discusses the development of the Internet
map service for Montgomery County and the associated
interactive links to related data and images. The success
of this effort supports other indications of the significant
and increasing role that interactive Internet access to geo-
logic maps and data will play in support of research, pub-
lic policy analysis, and public information.

OBJECTIVES

The pilot project described in this report was designed
to test the functionality of ESRI’s ArcIMS software (Arc
Internet Map Service) in the development of a standard
Internet map service, using the digital geologic map of
Montgomery County, Kansas. Capabilities for customiz-
ing the interactive map system are also tested. For each
map object that corresponds to an individual or multiple
geologic units displayed on the interactive map, the user
should be able link to the Kansas Geologic Names
Database, providing access to additional information about
the specific geologic units represented. For other map
objects representing structural or tectonic features, type or
measured section locations, well sites or other features of
interest (such as highways, survey boundaries, mineral
leases, towns, etc.) the project should demonstrate the
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capability of linking to related digital information, images,
photographs or databases.

Ease of use is a high priority. Equally important,
however, the project seeks to establish a framework to
facilitate future development of additional, well-designed,
interactive, digital geologic maps.

THE INTERACTIVE MAPPING
ENVIRONMENT

A generalized representation of an interactive map
environment is presented in Figure 1. Use of commercial-
ly developed geographic information systems provides the
most practical approach for implementing an interactive
map service. Organizations may find, however, a wide
range of options for peripheral systems supporting field-
work, data capture, and information management that pro-
vide significant enhancements to the primary GIS. These
options frequently include in-house systems tailored to
meet unique requirements, circumstances, or capabilities
of an organization.

Data capture and map production activities at the KGS
are accomplished with GIMMAP, an in-house mapping
system (Geodata Information Management, Mapping, and
Analysis Package). For more general applications, the

Data capture
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KGS makes extensive use of GIS products from ESRI,
including Arclnfo, ArcView, and ArcEditor. ESRI’s
Spatial Data Engine (ArcSDE) provides the gateway
between the GIS packages and the Survey’s database plat-
form (ORACLE 8.1.7). The use of ESRI software is dri-
ven, in part, by the Survey’s position as a research unit
within the University of Kansas and the availability of
ESRI site licensing through the University. At the heart of
the interactive mapping environment is the Internet map
server. As indicated previously, ESRI's ArcIMS was
selected as the Internet map server for this project.

A diagram of the map service architecture is provided
in Figure 2. ArcIMS (version 3) operates on the server
side, providing map server management tools, geodata
spatial servers, and the application server. Use of ArcIMS
requires additional supporting components. A web server
handles requests from clients and sends back a response.
Requests are presented in HyperText Transfer Protocol
(http). The KGS uses the Apache web server (version
1.3.14) running on a UNIX platform. Utilities in the Java
Runtime Environment (JRE, version 1.2.1) provide the
application program interface for running the Java2 com-
ponents of ArcIMS.

The ArcIMS geodata spatial server provides two types
of map services to the web server for response to the
clients (users). With an image map service the client
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Figure 1. Generalized KGS interactive map environment.
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INTRODUCTION

Since the mid 1990s, the issue of GIS certification has
been growing. Controversy surrounds the issue, often
fueled with reactionary sentiment, to the point that it is not
always clear exactly what is being implied by the term
“GIS certification.” Indeed, while it is most commonly
associated with the certification of GIS practitioners, or
people, it is not uncommon to see the term being applied
to GIS data. The certification issues applied to both peo-
ple and data are discussed below and their possible ramifi-
cations to geologic mapping science are examined.

BACKGROUND

The call for certification of GIS professionals origi-
nates from 3 main sources: 1) the certified and licensed
surveying profession via the National Council of
Examiners for Engineering and Surveying (NCEES), 2)
the International Organization for Standardization (ISO),
and 3) a handful of (over-?) zealous GIS academicians.
Why is there a need to certify? Apparently certification
and licensure is carried out to protect consumers and the
general public and to benefit the profession. Are GIS data
used to determine official and legal location? The answer
is no. Does the public need protection from management
issues that are derived from the implications of a GIS
dataset or database? Doubtful. Thus, the only logical jus-
tification for certification is to benefit the profession by
assuring that GIS individuals meet basic levels of compe-
tency and follow a code of ethics. This in itself is not a
bad thing. It will become clear from the discussion of
these three certification-proposing bodies below that GIS
certification is both real and imminent. Ultimately, it will

be the GIS profession’s choice how it defines and handles
certification.

The NCEES Model Law Controversy

In 1995, NCEES modified its Model Law on survey-
ing to include the practice of photogrammetry and includ-
ed references to GIS and LIS use when applied to survey-
ing activities. Photogrammetrists’ concerns were
addressed in 1997 when the American Society for
Photogrammetry and Remote Sensing (ASPRS), the
American Congress on Surveying and Mapping (ASCM),
the Management Association for Private Photogrammetric
Surveyors (MAPPS), and the American Society of Civil
Engineers (ASCE), participated with the National Society
of Professional Surveyors (NSPS) on a task force to modi-
fy the Model Law. This 1995 revision in the Model Law
is what initiated the GIS certification controversy. The
surveying communities in a few states (e.g., California,
North Carolina) were able to convince their legislators to
mandate that surveyors participate in specific aspects of
GIS. Specifically, spatial data at the parcel level must
have a surveyor involved in the compilation, maintenance,
and quality certification of that data. Suddenly, it
appeared to many people that any agency using GIS-
derived base maps created by GIS personnel unsupervised
by a licensed surveyor could be in violation of the law.

The GIS community became active in the review of
the NCEES Model Law in 1999 when the task force was
expanded to include representatives of the Urban and
Regional Information Systems Association (URISA) and
the National States Geographic Information Council
(NSGIC). The main concerns of GIS practitioners with
the Model Law include: the breadth of the preamble (defi-
nition section), the reference to specific GIS/LIS tools in
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the preamble, and the concern that many aspects of GIS
should clearly not be under the jurisdiction of a surveyor
(J. R. Plasker in Sommers, 2000). (This review of the
Model Law by these GIS task force members can be
downloaded in pdf format at Kemp (2000b)). The prob-
lem in the preamble occurs where it defines the practice of
surveying using GIS/LIS tools: “...creating, preparing, or
modifying electronic or computerized data, including land
information systems, and geographic information systems,
relative to the performance of the activities in the above
described items (a) through (c).” Plasker (in Sommers,
2000, p. 28) states: “...on closer reading, the subsections
(a) through (c) define areas of surveying practice that are
generally not controversial in their definition; nevertheless,
the perception that the Model Law intends to place addi-
tional controls on GIS use can, and probably should be
mitigated.” However, he goes on to state that recent
developments in GIS and related geospatial data technolo-
gies (e.g., improved accuracies in GPS and the elimination
of selective availability) do now allow unregulated practi-
tioners “to accomplish certain surveying activities [that
could become] detrimental to general public safety or indi-
viduals’ property rights” (in Sommers, 2000, p. 28).
Because of this, J. S. Greenfield (in Sommers, 2000), a
surveyor, sees the need for a surveyor (or perhaps a certi-
fied GIS technician) to supervise and certify GIS parcel
data.

The International Certification
Movement of the 1ISO

The ISO is a global federation of national standards
bodies from 130 countries whose directive is to develop
voluntary international standards covering all technical
fields except electrical and electronic engineering. It is
comprised of numerous technical committees staffed by
qualified individuals from the private sector, research uni-
versities and institutes, national governments, and interna-
tional organizations. The goal of Technical Committee
211, Geographic Information/Geomatics’ is “to establish a
structured set of standards for information concerning
objects or phenomena that are directly or indirectly associ-
ated with a location relative to the Earth. These standards
may specify, for GI [Geographic Information], methods,
tools, and services for data management (including definition
and description), acquiring, processing, analyzing, accessing,
presenting, and transferring such data in digital/electronic
form between different users, systems, and locations”
(ISO/TC211 website, <http://www.statkart.nofisotc211>). As
Kemp (2000a) points out, there is no reference to develop-
ing a set of standards for the people who work in GI.

In 1998 however, Canadian representatives of
ISO/TC211 proposed a work item on “qualifications and
certification of personnel” so as better to assess the qualifi-
cations of consultants seeking funding from foreign aid
agencies for work in developing countries. Dr. Robert

Maher, of the Centre of Geographic Sciences in Nova
Scotia, drafted TC211 document N573, which called for
the committee to:

- Develop a report which describes a system for the
qualification and certification of
GIScience/Geomatics personnel by an independent
body,

- Define the boundaries between GIScience/Geomatics
and other related disciplines/professions,

- Specify GIScience/Geomatics technologies and tasks,

- Establish competency levels and skill sets for GI per-
sonnel,

- Research other similar certification processes of exist-
ing professional associations, and

- Develop a plan for the accreditation of candidate insti-
tutions and programs, for the certification of the
individual in the GIS workplace, and for collabora-
tion with other professional bodies.

This proposal was voted upon in March 1999 in
Vienna, Austria. Of the 32 countries eligible to vote, 12
voted for, 9 against, and 11 abstained. The United States
and the majority of the EU all voted against the proposal,
largely based upon the position that it is inappropriate for a
technical standards organization to determine and establish
international professional credentials. Opposition was also
raised by the International Cartographic Association (ICA),
the International Federation of Surveyors (FIG), and the
International Society for Photogrammetry and Remote
Sensing (ISPRS). Nevertheless, as ISO protocol only
requires a majority acceptance, the proposal was estab-
lished as Project 19122, with Maher designated as project
leader. The project is proceeding (see Kemp, 2001c) and a
final report addressing the requirements called for in docu-
ment N573 is due in September 2001.

Advocacy by GIS Professors and
Organizations

Although certification of GIS professionals has only
become a major issue in the last five years or so, the idea
has been around for awhile and can be first found in the
literature in Goodchild and Kemp (1992), Burley (1993),
and Obermeyer (1993). Responding to the certification
program established for photogrammetrists by the ASPRS
in 1991, a dozen or so GIS academicians have been active-
ly pursuing certification for GIS technicians. Perhaps the
most active or vocal of these has been William Huxhold of
the University of Wisconsin-Milwaukee, the current presi-
dent of the University Consortium of Geographic
Information Science (UCGIS). He states: ‘“after 25 or
more years in implementing and using GIS, the state of
GIS professionalism in the U.S. remains as it was back in
the 1960s and 1970s: no professional standards for GIS
professionals, and no accreditation of educational pro-
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grams that confer GIS certificates” [his boldface]
(Huxhold, 2001a).

Citing Pugh’s (1989) attributes of a profession, first
evaluated in light of GIS by Obermeyer (1993), Huxhold
(2001a) claims that while GIS has a specialized body of
knowledge, a mission, a formal organization, a common
language, specialized training, and a culture and lore, it
lacks Pugh’s final 2 profession-defining attributes: a code
of ethics and certification. Although Craig (1993) first
called upon GIS practitioners to establish a code of ethics,
no standard has been established, according to Huxhold
(2001a). He concludes that in spite of the fact that up to a
half million people are working in GIS in the U.S. (his cal-
culation), there is no “profession” of GIS. Furthermore,
Huxhold noted an article published in U.S. News Online in
November of 1999 that reported that the “data mapper”
was one of the 21 hot new careers for the 21st Century
(Huxhold in Sommers, 2000; Huxhold, 2001b). To sum-
marize his viewpoint, if GIS does not establish accredita-
tion of academic programs and certification of its person-
nel, we’ll all just be data mappers.

In addition to several active GIS professors individu-
ally seeking certification of GIS personnel, two major GIS
organizations, URISA and UCGIS, are now actively pursu-
ing certification. URISA established a certification com-
mittee in July of 1998 which now seats 26 members from
government, private industry, and academia. It is currently
working on a program to develop and distinguish between
GIS “core skills,” to be required of all certified GIS practi-
tioners, and additional discipline-dependent skills specific
to some 23 different fields (<http://www.urisa.org/
certification/certific.htm>). A special edition of the
URISA Journal devoted entirely to certification and related
issues is planned for summer or fall of 2001.

In November 1998, UCGIS organized a “Summit on
Geographic Information Science” at the national GIS/LIS
Conference. Representatives from 11 “GIS-interested”
professional organizations discussed certification activities
amongst GIS educational issues (see education link at
<http://www.ucgis.org>). In conclusion, there can be little
doubt that given the efforts of both GIS professionals and
professional organizations, to an extent in response to the
NCEES Model Law and to the international efforts of ISO
Technical Committee 211, GIS certification in some form
is imminent in the U.S.

CERTIFICATION OF GIS PROFESSION-
ALS: PROS AND CONS

The benefits of certification are listed at the top of the
URISA Certification website (<http://www.urisa.org/
certification/certific.htm>): career recognition through
evaluation and approval of individuals, improvement of
performance leading to greater career productivity and
increased customer/client satisfaction, and ability to

remain current in the field through renewal requirements
of the certification program. Huxhold (2001a) lists addi-
tional benefits of certification: 1) it helps define the pro-
fession; 2) it assures quality in work performed; 3) it sets a
standard of competency; 4) it helps prospective employers
identify qualified individuals; 5) it ensures continued
expertise; and 6) it improves the marketability of the pro-
fessional. He suggests that certified practitioners will have
higher salaries than non-certified workers.

At an Internet discussion site on certification hosted
by the URISA Certification committee, approximately half
of the commentors are quite opposed to certification.
Major oppositional themes cited there include: 1) it is an
unnecessary bureaucracy; 2) the cost of certification hurts
the individuals who must pay to be certified and only ben-
efits the certifying organization; 3) it threatens free-market
principles by hindering advancement of the field; 4) it can
place limits on skills and skill development and 5) it can
incite workplace resentment and other feelings of ill will.
In addition, it is unclear whether there will be any type of
grandfather clause exempting those with large amounts of
experience in the field.

The overall control of the certification process is an
important issue. Who will administer certification of GIS
professionals? Cordova (1999) sums up the potential
problems that could arise as this issue is answered: “An
undignified scramble to corner the market is inevitable...a
cottage industry of competing certification organizations,
and, eventually, an entire class of associated bureaucrats
will arise...when a national standard finally emerges, those
who hold substandard certificates will have to start the
process over again. The next step will be designating
accrediting organizations to certify the certifiers, and so
forth. Workers will have no choice but to participate in the
scam, at their expense, because their livelihoods will
depend on getting that certificate.” Keith Clarke (in
Sommers, 2000) points out that to place control of certifi-
cation in a single, possibly self-appointed body, with broad
authority to set standards, content, curriculums, and testing
is like “trying to shut the barn door after the horse has
long ago bolted.” He argues that, like the Internet, GIS is
owned by everyone and no one should attempt to control
“the geography in g-commerce.” He concludes that while
some form of GIS certification is inevitable, “at best, it
will die its own harmless death from redundancy and dat-
edness. At worst, it could cost our nation the lead in the
most exciting enterprise of the new world era” (Clarke in
Sommers, 2000).

CERTIFICATION OF GIS DATA

As alluded to above, the issue of GIS certification is
often confusing because it is unclear whether the discus-
sion centers around certifying people or their data. The
idea that GIS data must be certified, however, is both
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redundant (assuming the dataset is backed up or “certified”
by its metadata) and unnecessary. GIS data are referential
in nature. Base maps in a GIS are not the record of origi-
nal survey measurements but are instead representations of
these original documents. Bruce Joffe (in Sommers, 2000)
summarizes what steps should be taken to protect the pub-
lic from an inappropriate use of non-certified GIS map
data: 1) GIS mapped features should explicitly refer to
their source documents and be supported with easy-to-
understand metadata; 2) GIS maps and data should always
contain an explicit statement of intended use and a dis-
claimer for other uses, i.e., “this is not the product of a
survey;” 3) Public officials should avoid implying that
their GIS maps determine official location; and 4) GIS
data that have been manipulated to create coherent dis-
plays when combined with other data should retain the
original mapped coordinates as feature attributes, as well
as metadata describing the data transformations.

Any certification of data must be flexible due to the
variability of GIS use across several technical and non-
technical fields. The very nature of GIS use, i.e., as a tool,
is procedural based. There are variability in data require-
ments for different applications. Because of this, data
accuracy at a certain level may not always be required and
thus certification of that data is unnecessary.

Instead of GIS data certification, GIS professionals
should establish a data verification process on any new
dataset. This should involve checking both the data and
the metadata for compliance to local, state, and federal
standards. It is the responsibility of the GIS supervisor to
understand the level of accuracy required and to be able to
evaluate the metadata in order to guarantee that level has
been met. The metadata thus become instrumental in this
verification process. If the data and metadata specifica-
tions do not match, then the data should be considered sus-
pect.

RAMIFICATIONS OF CERTIFICATION TO
GEOLOGICAL MAPPING SCIENCE

It appears that agencies that carry out digital geologi-
cal mapping would benefit from the establishment of for-
mal GIS certification. Large organizations with sizeable
human resource bureaucracies (e.g., the USGS, and a few
of the larger state surveys) will save time in the evaluation
process of applicants by relying on their certificates.
Small organizations with limited resources and knowledge
(e.g., most state surveys) can hopefully avoid hiring mis-
takes by requiring certificates. However, geological GIS
specialists must have extensive knowledge and experience
in other disciplines beyond the GIS fundamentals. Besides
a background in geology, the geological GIS specialist
should have an understanding of both soil science and
geography, ESPECIALLY the sub-discipline of geography
that is cartography! Any GIS technician can compile

datasets and produce a “GIS map,” but it takes a highly
trained individual to take numerous, highly complex types
of geologic and/or pedologic datasets, and combine them
into both a functional and beautiful geologic map. That,
after all, has always been the goal of geological mapping
science, both in the days of traditional, photomechanical
cartography and today.

As mentioned above, URISA’s Certification
Committee is developing certification guidelines for both
the core GIS fundamentals as well as “add-on” skills perti-
nent to some 23 defined disciplines. One wonders who
will establish the necessary standards in these distinct dis-
cipline areas. One would hope and expect that these
would not be developed by the URISA committee. Have
any geologists or cartographers been contacted to develop
a necessary list of skills needed for certification in these
disciplines? One also wonders to what extent it will
become necessary for GIS practitioners to be certified in
both fundamentals and in the application of GIS in their
respected disciplines. The case should be made that the
geological GIS specialist, for example, would need add-on
skills in not one, but three distinct proposed discipline
areas: 1) Geoscience, Geology, & Soils Engineering, 2)
Geography & Cartography, and 3) Environmental Science
& Natural Resources. After GIS certification is estab-
lished and is a criteria for employment, will the geological
GIS specialist need these 3 special certificates in addition
to the basic GIS certificate?

It can be argued that a majority of the geological GIS
specialists learned of their geological / pedological / carto-
graphic / environmental / and natural resource skills pri-
marily from on-the-job training. One could also argue that
many of these specialists actually developed their GIS fun-
damental skills on-the-job as well. Is it really necessary
that these individuals take these competency exams?
Perhaps many of the larger surveys and agencies would
pay for the training and examination, but can they afford
the time involved away from geological mapping? And
what would happen to those who failed the tests and yet
are nonetheless highly competent?

Finally, can the state surveys afford to pay the higher
salaries that certified GIS practitioners would demand?
Probably not. So must these agencies hire fewer special-
ists to handle greater workloads or will they be resigned to
hire “substandard,” non-certified personnel? Will morale
be affected when a new, inexperienced but certified indi-
vidual is hired at a comparable salary to that of the uncer-
tified geological GIS mapping specialist who has collected
extensive experience in the many facets of his or her pro-
fession?

CONCLUSIONS

While the call for certification of GIS personnel can
be traced to the early 1990s, the issue has gained promi-
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nence in the early 2000s. This has come about in response
to the NCEES Model Law controversy brought about by
U.S. surveyors, to the efforts of the Canadian delegation of
ISO’s Technical Committee 211 on the international front,
and to the strong advocacy for certification by a number of
GIS academicians and the GIS organizations in which they
actively participate. There are many pros and cons to the
issue and it appears that the GIS profession as a whole is
quite divided. Discussions surrounding the issue are often
complicated by the implication that GIS data need be certi-
fied as well as the GIS personnel who create, manipulate,
present and maintain it. This is unnecessary if FGDC-
compliant (“certified”’) metadata and legal disclaimers
accompany the data.

While GIS certification could be of obvious benefit to
the human resources departments that hire geological GIS
mapping specialists, its overall benefit to the geological
mapping agencies is questionable. Although it would pro-
vide a minimum level of competency, geological GIS spe-
cialists “wear too many hats” to be pigeonholed into a
simple certification specialty area. This could prove to be
costly to both the individual and to his or her agency.
Higher salaries demanded by certified GIS technicians will
likely put additional strains on the geologic agency and its
GIS workplace. In summary, it appears that GIS certifica-
tion will have an overall negative impact on geological
mapping science to the point where geological mapping
agencies should and likely will ignore it.
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INTRODUCTION

Among the geological surveys there exist many
approaches to determining authorship credit and citation
format for geologic maps, digital geologic maps, and asso-
ciated digital data bases. Progress has been made toward
understanding this complex issue, through discussions at
many venues, including previous Digital Mapping
Techniques (DMT) workshops. Berquist (1999) and
Richards (2000) suggested authorship and citation policies
and formats which provoked discussion and debate among
the community of geologists, cartographers, earth-science
editors, and librarians. Continuing the effort to clarify (if
not resolve) this topic, an open discussion at DMT 0l was
devoted to Map Authorship and Citation Guidelines. The
content and results of this session are provided here.

Clearly, there are different philosophies on how to
assign credit for geologic map products. For two of the
major authorship/credit issues faced by agencies, here are
some rather conflicting views expressed in the discussion
session at last year’s DMT workshop:

- “if you make a contribution, including GIS work, then
you’re an author”
Vs.

“only the mappers and regional stratigraphers/compilers
should be authors”

- “the database is part of the map (image)”
Vs.

“the database is a product separate from the map
(image)”

Resolution of those issues, as outlined below, is the
purview of each agency and its mapping projects. This
year’s DMT discussion session was designed to explore
common ground and common solutions to the issues, in
the hope that good ideas developed by any of the geologi-
cal surveys could be used by the entire community. We
intentionally avoided discussion of criteria that may define
the inclusion and ranking of individuals as authors,
because those details are the responsibility of the publish-
ing agencies. Furthermore, the session did not address the
manner in which various types of authorship, GIS, and
cartographic credit are noted on the map itself. Instead,
the session focused on citation format and content by
defining several principal issues, then holding an open dis-
cussion of each issue and asking for a show of hands by
participants to establish the generalized degree of accep-
tance of each issue.

The session began with a review of previous work. In
our session introduction, we synthesized our thoughts and
those of other geological survey personnel who have
shared information with us during the past year. Included
in that introduction was a brief overview of copyright and

159



160 DIGITAL MAPPING TECHNIQUES ‘01

contracting issues that may have some bearing on the
rationale for assigning authorship to map products.
Although copyright and authorship do not have precisely
the same meaning, it may be instructive to view the prob-
lems of authorship of digital products from the perspective
of copyright (ownership). Facts (e.g., the information in a
telephone book) cannot be copyrighted. However, the
expression of facts (layout, color, graphics, symbology,
etc.) can be copyrighted (Harris, 1998). Indeed, some
localities have more than one telephone book, each copy-
righted by different organizations. In contrast, in geologi-
cal science a greater sense of ownership is ascribed to the
information — we certainly do not take someone else’s
map information, merely change the “expression” or dis-
play of that map, and then assign new authors to the new
map. Geologist-authors of the original maps should retain
authorship of subsequent map images, no matter how the
maps are reproduced (scan or GIS image at any scale, pro-
jection, or color/symbology). The geologist created the
map representation of rock descriptions and area/volume
relationships of rock bodies and is responsible for the “sci-
ence” behind the map (of course, eventually, revisions in
scientific substance may warrant changes in authorship).

This viewpoint on authorship would seem to contra-
dict the legal notion that when the “expression” of facts
are changed, new ownership or copyright (and therefore
new authorship) is possible. The information on geologic
maps is, however, largely interpretive, not strictly factual,
hence the science’s rationale for retaining the source lin-
eage of information in subsequent map representations and
products. Despite this rationale, in the legal arena, pub-
lished geologic maps may be regarded as legitimate factual
information. It may therefore be prudent to regard our
geologic maps as subject to legal definitions of fact.

The advent of GIS and digital map production tech-
niques has introduced a significant complication to the
copyright issues noted above. When digitizing a geologic
map to create a published map product, the spatial data
files in one sense may be considered comparable to an
intermediate product of older map production technology
(the scribe coats and acetate stickups). However, these
files are now a desired end-product in themselves because
they form the basis for map databases available for use in
a GIS. If the map digitizing work is performed under con-
tract, a contract generally should address copyright issues
for products created under that agreement. This is prudent
because in some circumstances these map files can be
claimed for copyright (owned) by the contractor.

The legal differentiation of map image from map data-
base files connotes the need to identify the responsible
authors of each product. In many cases, authorship would
be the same for both products. However, given the legal
implications, this should not be assumed without due con-
sideration of how the files were created, and whether their
content differs from the information shown on the pub-
lished map.

During both the pre-digital and the modern digital
process of map production, errors that occur on prelimi-
nary, author-submitted maps were corrected and/or supple-
mented by errors introduced during cartographic prepara-
tion of the final, published map. Individuals who created
the printing negatives (in the pre-digital age) or the digital
data set are capable of omitting information, inserting
incorrect information, and making errors in scribing or
digitizing lines and other features. Before maps were digi-
tally produced, these errors were an accepted part of the
process, and the cartographer was not assigned any formal
responsibility for their role in the final product.

How then can it be argued that the preparers of the
digital map files, the GIS-compatible map databases, may
in some cases warrant designation of formal responsibility
for the product and, hence, shared authorship? We believe
the answer is simply this: if the map database is published
or released by the agency to the public, both the author’s
and the agency’s authority and reputation are implicitly
conveyed with the product. In contrast, pre-digital carto-
graphic materials and digital files used solely to print a
map are merely part of the map production process; hence
they are not referenceable products. Also, information in
databases may not be the same in structure, content, or use
to that shown on source maps; for example, the difference
between a map unit description on a printed map (or field
sheet) and the equivalent information in a database (which
may be derived from dissection of the map unit description
and parsing that information into database fields, a process
that may involve insight and interpretations not formally
shown on the published map or field sheet). Further, on
typical geologic maps, the location of geologic information
(contacts, structure measurements, etc.) are located relative
to topographic and cultural features on the base map.

Once the geologic information is captured digitally, the
location of each geologic feature becomes absolute (in
some numeric coordinate system) and always will carry
some new error, introduced by the capture process (e.g.,
georeferencing the source map). The digitized geologic
information in a database now “floats in space” and is no
longer explicitly tied or attached to the original topograph-
ic base upon which the field information was compiled.
As a result, the geologic database (GIS) information
becomes in some measure different from the source geo-
logic map information. In our world of increasing litiga-
tion, agencies of course are now carefully considering if
and how the content of each map and associated database
product may differ, and assigning authorship credit and
responsibility accordingly.

PURPOSE

This paper is intended only to provide a summary of
ideas presented at the discussion session and a brief and
admittedly subjective record of the participant’s reactions.
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This paper is not a formally proposed guideline derived by
broad debate and consensus — it merely contains some
citation formats that we propose may be useful. The issue
of map authorship credit and responsibility, as noted
above, was not the focus of the discussion session. These
suggested formats were discussed but not reviewed and
approved by the discussion participants. Although many
of the ideas evolved from examples and discussions shared
by our colleagues in other geological surveys, the respon-
sibility for the proposal’s shortcomings lie with the authors
of this paper. It is hoped that these ideas, which represent
in part a synthesis of previous work, may prove useful to
geological surveys and to the geoscience community, as
we all strive to protect and realistically portray the origin
of each published map product.

CENTRAL ISSUES

As a group, the DMT 01 participants recognized that
the authorship and citation issue is complex, and that discus-
sion has not sufficiently matured to encourage all organiza-
tions to agree to a single standard (and such may never be
the case). However, the session explored the possibility
that interagency consensus could be reached on certain
basic issues. These are explored below as they were pre-
sented in the discussion session.

Who Should Author a Geologic Map Product?

Each agency must control the content of its products,
and this discussion session was not intended to prescribe a
uniform approach to how map authors are determined.
Geologic mapping is a rigorous intellectual and physical
activity, and the people involved deserve appropriate credit
for their contributions to the science and to society. In part
because of technological advances that promote conver-
sion of published maps to digital format, a product may
have an extensive lineage of contributors and source mate-
rials, and there exist among the geological surveys many
approaches to determining who should receive credit.

Discussion participants generally agreed with this
position.

Should a Suggested Citation be Provided on
Each Map?

The discussion session addressed the content and for-
mat of the map citation. It did not address the manner in
which various types of authorship, GIS, and cartographic
credit are noted on the map. Specifically because the
authorship, other credit, title, and citation standards may
be confusing to our users, we strongly suggested that the
suggested citation be explicitly given, directly below and
clearly related to the map collar information regarding
title, date, authorship, and other credits (as per Berquist,

1999). The following might be placed on the map, to draw
attention to the citation:

“When referring to this map, the following citation
should be used:”
(insert citation, in agency’s adopted format, here)

In response to this suggestion, the discussion partici-
pants voted a clear “yes”.

New Mapping vs. Existing Maps

As a first step toward defining citation formats, let us
assume that map publications may fundamentally be clas-
sified as:

1) products based on new mapping — In this case, field
work and/or compilation has produced a body of sci-
entific information that can be considered significantly
different from pre-existing mapping. Of significance,
it is likely that all persons who made a contribution to
the final product (geologist and GIS/cartography staff)
will be available for planning, discussion, and comple-
tion of the work, and are capable of reaching a mutu-
ally agreeable decision on the title and authorship.

2) products based on published mapping — In this case,
previously published map(s) are recompiled into a
new product. The original geologist author may not
be available for consultation and inclusion in the
process of digital conversion and/or a geologic revi-
sion. In this situation, the authorship criteria is sub-
ject to a hierarchy and variety of agency rules involv-
ing the amount and/or significance of revisions.

The discussion participants clearly agreed that these
are two fundamentally different types of publications.

Is a Map Database a Product, Separate from
a Map?

We then proposed that there exist two fundamental
products in a digital map publication, and that these prod-
ucts are closely related:

1) the geologic database, which contains all spatial and
attribute information for the geology of the map area.
Included in this database should be the information
needed to represent the author’s preferred cartographic
depiction of the geology.

2) the image (in paper or electronic format) generated by
the author’s preferred cartographic depiction of the
geology.

Should we recognize the existence of both of these
two different, but related products? The decision affects
how these map products are defined and managed by the
agency, and how they are cited by the public. It is certain-
ly debatable whether the map database is a product funda-
mentally different from its many possible physical repre-
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sentations (e.g., a paper map showing the geologist’s pre-
ferred depiction of the geology). Some geologists and
agencies consider the database and the paper map to be the
same product. Is that a valid contention? In some cases
this may be essentially correct, but in other cases the data-
base structure and content may contain more complexity
than can be shown on the paper map. Furthermore,
although the map and database may, upon initial release,
be two components of the same product, in time there may
be revisions to the database necessitated by error-checking
and minor additions that will cause the content of the
printed map (inherently a static product) and the map data-
base (potentially a dynamic product) to diverge. Prior to
designation of the map database as a fundamentally new
product (e.g., upon recompilation of the area’s geology),
successive versions of the database may become signifi-
cantly different from the printed map. Unless the agency
identifies two distinct but related products, it will be a
challenged to manage a single product that may, over time,
be comprised of two diverging manifestations.

This discussion session did not address the scientific
content of the map and database, but merely sought to
identify agency philosophy toward how its products are
managed. As noted, it is our contention that a map image
and its map database are two separate, but clearly related,
products.

After lengthy discussion, the audience was almost
evenly divided on this issue.

PROPOSED CITATION FORMATS

To illustrate and to provoke discussion on the various
questions and issues noted above, we presented to the dis-
cussion participants some example citations (below).
However, discussion on the above issues consumed most of
the allotted session time, and so participant response to
the content shown below could not be reasonably assessed.
We hope that further discussion regarding these example
citations may ensue, and evolve toward a set of common
ideas or informal guidelines that might assist each geologi-
cal survey and agency.

For purposes of map authorship and citation, the two
classes of map product identified in the discussion session
(i.e., existing maps and new mapping) can be treated quite
differently. Simple examples of these two classes are
given below. More complex cases, such as the anthologies
discussed in Richard (2000), were not discussed here, but
clearly are of significance to any robust agency policy.

I. Products Based on New Mapping

For products based on new mapping, the situation is
relatively simple — the mapping team should identify the
contributions of the various team members (geologists,
GIS specialists, cartographers, and, in some cases, data-

base managers) and provide that information in the appro-
priate citation format. In some geological surveys, it is the
policy for scientists alone to receive authorship credit on a
new map. It was not our intent to debate this philosophy
in the discussion session.

Here is the proposed suggested citation for a new map
product (note that use of “Digital” in title is now generally
agreed to be unnecessary since digital map production
methods are now the norm). This citation is in common
use today:

Doe, I.K., and Smith, A.B., 1999, Geologic map of the
XYZ Quadrangle: The Geological Survey, Map X-
123, scale 1:24,000.

If an agency recognizes two separate, related prod-
ucts— paper map and geologic database — then the pro-
posed suggested citations would be:

Doe, J.K., and Smith, A.B., 1999, Geologic map of the
XYZ Quadrangle: The Geological Survey, Map M-
123 (Part A), scale 1:24,000.

Doe, J.K., Digits, C.D., and Smith, A.B., 1999, Geologic
database of the XYZ Quadrangle, v.1.0: The
Geological Survey, Map M-123 (Part B), Arclnfo
Export file and dBase file, scale 1:24,000, available
on CDROM or <URL, if any>.

Note that the examples show the two products as part
A and B of a single numbered map. An agency might just
as readily choose to designate the products in separate
series (e.g., printed and digital product series).

Is it necessary to cite the distribution media (e.g.,
“CDROM”)? For the scientist, when citing a published
work, it may be irrelevant. However, for purposes of cata-
loging and describing a published product for a library or
publications sales office, we assume it will be necessary.
Please note that the product title includes the database ver-
sion number — it may be more appropriate to place this
information and/or the time stamp toward the end of the
citation.

Inclusion of additional author(s) in the database prod-
uct indicates that skills in database design and GIS were
deemed essential to the content and end-use of this prod-
uct. That may not always be the case, and authorship deci-
sions are, explicitly, the domain of the mapping project
and agency. From the above citations, we would expect
that J.K. Doe played a responsible, significant, and active
role in the creation of both the map and the database, since
Doe is senior author on both publications.

In the example above, the map and the database con-
tain fundamentally the same scientific information. Which
should be cited? As noted by Steve Richard (Arizona
Geological Survey, personal communication), the answer
depends on how the information was used. For example:
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- if in your scientific report you relied upon the geologic
interpretations (the “science”), then cite the paper
map.

- if you used the map information in a GIS-based analysis
(for example, a spatial and attribute analysis of geolo-
gy, water quality, and infrastructure), then you would
cite the database, because the analyses rely in part on
the geometry of the features in the geologic database.

II. Products Based on Published Mapping

This situation is more complex. Obviously, an exist-
ing product may have been: converted to digital format;
adapted to fit a modern digital base map, new mapping
paradigms, or newer adjacent geologic mapping; and/or
recompiled. Because the original author(s) may not have
participated in this process, authorship credit may be
uncertain. For discussion purposes, we subdivided this
category of products as follows:

A) Raster Image of Published Map:

When a paper map is scanned to create a raster image,
the information content can be identical. Nevertheless, an
agency may choose to catalog the image as a separate
product, for reasons including:

- scans and post-processing (e.g., to create a .pdf file) are
not necessarily of sufficient quality and resolution to
faithfully reproduce the source maps, and

- paper maps and digital files may be managed and curated
in significantly different ways.

If the agency chooses to manage the image as a dis-
tinct product, then the following formats are suggested.
Note that because this product is simply a scanned rendi-
tion of the previously published map, the original author-
ship should be retained intact. The map series identifier
may, however, be different.

Doe, I.K., and Smith, A.B., 2001, Geologic map of the
XYZ Quadrangle [scan]: The Geological Survey,
Map D-15, one Adobe Acrobat (PDF) file, scale
1:24,000, <URL, if any>.

OR

Doe, J.K., and Smith, A.B., 2001, Geologic map of the
XYZ Quadrangle: The Geological Survey, Map D-
15, [scan of Map M-123, published 1999], one
Adobe Acrobat (PDF) file, scale 1:24,000, <URL, if
any>.

The discussion participants seemed to agree with this
approach, but were divided as to whether the file type
should be noted. The second citation may be preferred, as
it provides more information on the original map product.

Some participants noted that, in their agency, the scanned
rendition of the map is not given a unique map series des-
ignation nor managed separately from the paper map.

B) Geologic Map Based on Published Map:

In some cases, the newly-released geologic map may
be essentially unchanged from the original map; the map
may have been converted to digital format, but without
addition or revision of scientific content. In other cases,
the original map may have been modified to fit a modern
digital base map, or to adapt to new mapping paradigms,
or to incorporate newer adjacent geologic mapping. Also,
the original map may have been recompiled. These cases
each should be treated differently. The proposed solution
is a bit awkward perhaps, but retains full reference to the
source map:

1) the original map was unmodified — this case is
analogous to 1I-A, above (“Raster image of published
map”), because the product is a digital file from which a
faithful rendition of the source map can be displayed or
plotted. In this case, however, the file is derived from a
vector-based digital map created with a CAD or GIS soft-
ware package. The proposed suggested citation retains intact
the original author list, modifies (i.e., “digitized from ...”) the
title to reflect the fact that this is a new product, and appends
the original, full citation:

Doe, J.K., and Smith, A.B., 2001, Geologic map of the
XYZ Quadrangle, digitized from Doe and Smith
1999 map: The Geological Survey, Map D-30, one
Adobe Acrobat (PDF) file, scale 1:24,000, available
on CDROM or <URL, if any> [digitized from Doe,
JK., and Smith, A.B., 1999, Geologic map of the
XYZ Quadrangle: The Geological Survey, Map M-
123, scale 1:24,000].

2) the original map was modified — here, the digital
file contains information that provides a display or plot
derived from, but not identical to, the information content
on the source map. In this case, the proposed suggested
citation includes a new author list but in the title it retains
intact the original author list (unless multiple authors, then
“Doe and others™), modifies (i.e., “adapted from ...”) the
title to reflect the fact that this is a new product, and
appends the original, full citation:

Smith, A.B., and Digits, C.D., 2001, Geologic map of the
XYZ Quadrangle, adapted from Doe and Smith 1999
map: The Geological Survey, Map D-31, one Adobe
Acrobat (PDF) file, scale 1:24,000, available on
CDROM or <URL, if any> [adapted from Doe, J K.,
and Smith, A.B., 1999, Geologic map of the XYZ
Quadrangle: The Geological Survey, Map M-123,
scale 1:24,000].



164 DIGITAL MAPPING TECHNIQUES ‘01

C) Geologic Database Derived from Published Map:

If a map database is created (as perhaps in II-B,
above) from a published geologic map, the agency might
choose to release it as a separate product, as discussed in
this paper’s introductory section. If so, this new product
may or may not have the same author list as the source
map. The proposed suggested citation includes ideas from
section I and II-B-2, above:

Digits, C.D., 2001, Geologic database of the XYZ
Quadrangle (v.1.0), adapted from Doe and Smith
1999 map: The Geological Survey, Map D-45,
Arclnfo Export file and dBase file, scale 1:24,000,
available on CDROM or <URL, if any> [adapted
from Doe, J.K., and Smith, A.B., 1999, Geologic
map of the XYZ Quadrangle: The Geological
Survey, Map M-123, scale 1:24,000].

FINAL NOTE

Discussions on this subject tend to be lively. We
anticipate that, in various formal and informal venues, the
issues will be further debated. Certainly, we do not expect
the ideas presented herein to survive intact during each
agency’s development of authorship and citation policies.
However, we do hope that the DMT discussions will both
support development of agency policies and perhaps draw

the agencies toward a more common style and philosophy
for authorship and citation format. Because policies that
deal with products of computer technology are not well
defined, it seems prudent or necessary that we, the com-
munity of informed and interested map producers and
users, set the standards and conventions that would pre-
serve the relationship of the geologist-authors to their
product, the map image; we also should identify and pre-
serve the appropriate authorship and/or credit for those
professionals who are responsible for creating the database
files.
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Vendor Presentations and Contact Information

This Digital Mapping Techniques workshop was
attended by technical experts from selected software and
hardware companies. These individuals provided technical
trouble-shooting and general information needed by the
geological survey workshop attendees, and the workshop
organizers offer sincere thanks for their significant contri-
butions to the meeting. The DMT workshop series is
designed as a collegial event, where information is freely
shared, in recognition of a common set of goals. Our col-
leagues in the vendor community certainly contributed to
the workshop’s success. Their contact information is
given below.

Mike Price (Environmental Systems Research
Institute, Inc., [ESRI]) provided technical guidance and
support for ESRI products, and an oral presentation enti-
tled “Field geologic data collection with ArcPad and
ArcGIS.” Mike also provided assistance to the field
demonstration portion of the Special Session on Field Data
Capture of Geologic Map Information. For information
about the products and software discussed, see: (for
ArcGIS) <http://www.esri.com/library/whitepapers/pdfs/
ArcGIS8.1.pdf>; (for ArcPad) <http://www.esri.com/
library/whitepapers/pdfs/arcpad.pdf>; and (for Metadata)
<http://www.esri.com/library/whitepapers/pdfs/metadata.pdf>.
ESRI also hosted a technical luncheon featuring an
overview of ESRI products. We sincerely thank ESRI and
Mike for their generosity and for their interest in this
meeting.

Mike Price, Mining Industry Manager
Environmental Systems Research Institute, Inc.
380 New York St.,

Redlands, CA 92373-8100

Telephone: (909) 793-2853, extension 11677
e-mail: mprice@esri.com

Corporate Web site: <http://www.esri.com>

Darren Gabriel and Chris Ogier (ERDAS) hosted a
technical luncheon featuring an overview of EDRAS soft-
ware and applications. We sincerely appreciate ERDAS’s
generosity and the time provided by Darren and Chris.

Darren Gabriel and Chris Ogier

ERDAS Worldwide Headquarters

2801 Buford Highway, N.E.

Atlanta, GA 30329-2137 USA
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Data Structure for the Arizona Geological Survey
Geologic Information System: Basic Geologic Map Data
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INTRODUCTION AND PURPOSE

Geoscience data are used for land-management deci-
sion-making, for engineering design, in the search for
mineral resources, and for scientific research.
Traditionally, geologic information has been stored and
disseminated using geologic maps and written reports
(Bernknopf et al., 1993). Because of the complexity of
the earth, much of the information included in a geologic
map is buried in several layers of abstraction. Specific
applied use of geologic data typically requires prepara-
tion of a derivative map designed to show a particular
aspect of the geologic data. Such maps might be
designed to show rock lithology, the orientation of bed-
ding or foliation in layered rocks, the acid buffering
capacity of the rocks, or to show rocks of a particular
age. Production of such derivative maps designed for a
specific purpose commonly requires a geologically
sophisticated analysis of the original map, as well as car-
tographic design and drafting of the derivative map.

Computer-based geographic information systems
allow the manipulation and analysis of much larger and
more sophisticated geographic data sets than was possi-
ble using paper maps and physical overlays. These sys-
tems provide tools to manipulate and integrate geologic
data with other geographic data to a greater extent than
ever before possible. A well designed, data-rich informa-
tion system could automate much of the process of pro-
ducing derivative maps designed for specific applica-
tions. This would free the data user to explore the data in
more ways, and to experiment with different representa-
tions of the data. Providers of geoscience data, like the
Arizona Geological Survey, must redesign information
delivery systems to facilitate the integration of their geo-
logic data resources into automated systems, and to maxi-
mize the usefulness of geologic information.

To this end, the Arizona Geological Survey is develop-
ing a computer-based geologic information system
designed to meet the needs of mineral exploration geolo-
gists, researchers in search of detailed technical informa-
tion, land managers or planners requiring information perti-
nent to regulatory, planning, and development functions,
and curiosity-driven users from the general public. Many
of these users may not be expert geologists, but still need to
be able to query the system to obtain information. The
underlying data model must be flexible enough to encom-
pass a wide range of earth science information, storing it in
such a fashion that it does not become obsolete with
advances in geologic science.

Based on several years of development and discussion
with other database developers (see papers in Soller, 1997;
1998; 1999; 2000; and this volume), this system has
evolved into a structure with a variety of inter-related com-
ponents, summarized in Table 1. This document defines a
relational database implementation of the metadata, cartog-
raphy, geologic map, and geoscience infrastructure parts of
the Arizona geologic information system necessary to rep-
resent the basic geologic information and cartography
recorded on a typical geologic map. This information
includes the assignment of map units to regions on the
map, the classification of boundaries between the map units
as faults or contacts (here referring to depositional or intru-
sive contacts), the recording of basic point-referenced
structural data, and the cartographic representation of these
features. Subsequent documents will describe the detailed
geoscience description tables (map units, lithology, age
dates, stratigraphic relationships, etc.). The implementation
is based on Microsoft Access (currently using the
Access2000 version; datasets are distributed with Access97
tables for wider accessibility) as the relational database,
and ESRI ArcInfo (v.8.0.1) and ArcView (v.3.2) as the geo-
graphic data system.
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Table 1. Components of Arizona Geological Survey Information System.

Component Name Function Status (11/3/2001)
MetaData Stores basic information about people, projects, implemented
organizations, the DataSet catalog, system development
metadata
Arizona Rock Unit Stores definition and default descriptions of rock units Designed, implemented,
Lexicon used for geologic mapping in Arizona. Based on USGS not populated
geologic name lexicon and AZGS AzStrat [R.A. Trapp,
unpublished]
Arizona Geologic Stores bibliography of published literature concerning Implemented, populated, in
Bibliography Arizona geology [Trapp et al., 1996] maintenance
Geologic Map Stores map legend definitions, and map view definitions. Default map visualization
This component may have multiple instances specific to implemented and in use.
particular geologic data sets or projects.
Cartography Stores definitions and descriptions of graphical elements Implemented, partially
Infrastructure used to construct geologic maps, along with default legend | populated
for symbolizing standard map units and features.
Rock Samples Stores information locating and describing rock samples Implemented, partially
collected in the field for geochronology, geochemistry, populated
representative lithology, etc.
Geochronology Stores detailed analytical information for isotopic age Implemented, populated
dates. based on Reynolds et al.
[1986], data structure not
finalized
Geochemistry Stores analytical data for whole rock, trace element, and Planned
isotopic analyses of rocks.
Geoscience Stores basic geoscience terminology Classification Designed and implemented,
Infrastructure Concepts, definitions and descriptions of standard mineral some tables partially
and lithology terms, and the standard geologic time scale populated
used by AZGS (GSA, DNAG, Palmer, 1983). Data in this
component database is not specific to a location, and
applies to all geologic data sets.
Geoscience Set of table templates for description of geologic features Designed, implemented,
Descriptions specific to individual geologic datasets. not populated

GEOLOGIC MAP DATA

A geologic data set is a collection of map unit defini-
tions, interpretations of the nature of the boundaries
between the map units, locations of faults and boundaries
between the map units defined, and descriptions (quantita-
tive and qualitative) of the nature of the map units, struc-
tures, faults, and map unit boundaries. Data set as used
here is independent of the format of the data—it may be
digital or analog (Richard, 2000). A geologic map image
is a visual representation of a geologic data set for an area,
designed to communicate information to a user. The map
image is defined by the map area extent, the geologic data
(both spatial location and classification) used, the choice of
symbols for geologic features, the map projection and
scale, a specification of the surface represented by the map,
and the cultural and physiographic base map. The path
from a geologic data set to a geologic map image requires
selecting symbols to represent the distribution of the map
units, the location and type of map unit boundaries and

faults, and the location and relevant data for point observa-
tions (orientation measurements). These symbols are
placed on a base map that represents the map area by
means of a projection and some elevation model to repre-
sent topography on the mapped surface. The base map pro-
vides a visual reference frame to depict the spatial relation-
ships between geologic features, and a means of physically
locating the features depicted. Design of the base map is
an important aspect of cartography. This definition of a
map image makes no distinction between a standard geo-
logic map (map surface = earth surface), a mine-level map
(map surface = horizontal plane), or a geologic cross sec-
tion (map surface = vertical plane along section line).

A digital geologic data set represents a geologic data
set in a georeferenced form using a set of computer files.
A digital geologic data set is defined by:

1. The conceptual model that is the basis for the geo-
logic data set.

2. A logical data schema that is a mapping of the con-
ceptual model underlying the geologic data set to



DATA STRUCTURE FOR THE ARIZONA GEOLOGICAL SURVEY GEOLOGIC INFORMATION SYSTEM 169

data structures that can be represented by an auto-
mated system (e.g. relational tables, described in
this report).

3. A physical implementation schema that defines the
organization of data into files, the detailed struc-
ture of the files, and the representation of data in
the files. The file format dictates the software and
hardware sys-tems that are compatible with the
data.

4. A projection and map horizon specification that
describes how the three-dimensional location of
features on the Earth is specified.

5. The data instances contained in the files (locations of
contacts and faults, map unit definitions, classifica-
tion of areas to map units....).

6. A set of definitions that specify the meaning of
attributes applied to included data instances.

DATA MODEL IMPLEMENTATION
COMPONENTS

This report describes the logical and physical imple-
mentation of a database system for the representation of
geologic features represented on geologic maps. It is
assumed that the reader is familiar with the basics of the
ESRI coverage data model and the use of ESRI ArcView
GIS 3.x and Microsoft Access 97-2000 software.

This database implementation is a second-generation
effort, and supercedes the data structure outlined in
Richard and Thieme (1997). The design is an outgrowth
from a proposed North American standard data model
(‘NADM’) for geologic maps (Johnson et al., 1998), over-
seen by the North American Data Model Steering
Committee (http://geology.usgs.gov.dm). In the course of
implementing this database, the Johnson et al. (1998)
model was found inadequate to allow inclusion of infor-
mation in existing AZGS databases and for a complete
representation of geologic information. Focus then shifted
to the NADM “Cordlink” variant model (Brodaric et al.,
1999) as a starting point. Various aspects of this model
were also found insufficient or unsatisfying. The logical
mode] presented here was evolved to reduce the number of
tables and allow greater flexibility and logical consistency.
The final implementation resembles the Johnson et al.
(1998) NADM 4.3 model only in very general terms. The
model builds on the design philosophy laid out in Richard
(1998), the conceptual model described in Richard (1999),
and the recent parallel development of an object-oriented
data model by Brodaric and others (Brodaric, 2000;
Brodaric and Hastings, 2001; Brodaric and Gahegan,
2000).

The core components of the model are:

1. Classification Concept table(s). At the core of the
model is a table or group of tables with similar
structure that define terminology. The essential

elements of these ClassificationConcept tables are
a unique identifier, a name, and a
definition/description. The unique identifier fol-
lows the global unique identifier scheme described
below. The name is a string that allows human
identification of the concept (e.g. ‘basalt’), and the
definition/description is a free text field that
defines the term or describes its meaning precisely.

2. Relationship tables. These are tables that link data
instances. The meaning of the link is defined by a
relation-ship type attribute. The data instances that
fill roles in a relationship may be any individual
classification concept, description, or relationship;
the kinds of valid role fillers are determined by the
relationship type attribute. Three sorts of relation-
ship tables are included with different structure and
application. Hierarchy Relationship tables define
parent-child relationships in hierarchies; these may
be taxonomic (IsA) or meronymic (Part-Whole).
Simple Relationship tables link data instances,
which may have a sequence; typically these link
description parts (e.g. image to rock description,
age date to rock description, chemical analysis to
location). The most complex relationships are
Attributed Relationships, which allow an attribute
value to be associated with the link, along with a
sequencing index, and classification confidence
and classification basis attributes.

3. Description tables. These are tables tailored to par-
ticular kinds of descriptions. Spatial objects
(points, lines, polygons...) are represented in a
description table. In addition, the core model
includes tables for structural measurements, rock
samples, text, geochronologic ages, chemical sub-
stances, lithologic description, stratigraphic time,
spatial objects, images, and measured quantity.
Only the spatial object, structural measurement and
rock sample tables are described here. Some
description tables are linked to
ClassificationConcepts directly through the sharing
of a unique identifier, and provide a structured
description to characterize the classification con-
cept. Others provide descriptions of ‘real world’
instances (a particular rock sample, a particular
contact, a particular fault....).

4. Map Visualization tables. These are a set of tables
used to define map visualizations. This group
includes three tables:

(a) Map View Definition table — specifies a title,
author, design scale, map extent, symbolization
scheme and classification scheme for the map;

(b) Map Legend — relates each symbol used in the
map visualization to a classification concept;

(c) Cartographic Object table — defines the sym-
bols used on the map in implementation-indepen-
dent terms.



170 DIGITAL MAPPING TECHNIQUES ‘01

Three modes of defining assignment of symbols to
spatial objects represented on the map are used. First, in
this database, all spatial objects have a default classifica-
tion attribute and a default cartographic object attribute.
This default symbolization corresponds to that assigned by
the original author of the map visualization (default visual-
ization). Second, symbols may be associated with spatial
objects through the map legend, (symbol — classification
link) and a spatial classification attributed relationship
(spatial object — classification link). This approach corre-
sponds to the NADM 4.3 and Cordlink Variant approach.
Finally, a general visualization links spatial objects to sym-
bols through an attributed relationship link (symbolization
scheme) whose type is the identifier for the map view defi-
nition. This final approach corresponds most closely to
how map visualizations are actually generated from spatial
data. The relationship attribute is the rotation to apply to
structure measurement symbols, or, in the case of purely
cartographic annotation symbols, the text string to display.

Identification Scheme

Unique identification of data instances in an interna-
tionally distributed data warehouse is achieved by parti-
tioning responsibility for maintenance of unique identi-
fiers. The Arizona Geological Survey uses a 3-component
composite key, consisting of 3 long (4 byte) integers. At
the top level, each organization providing data to the sys-
tem must be assigned a NameSpace by the overall system
manager. Note that a NameSpace is a
ClassificationConcept. The name string and an integer
identifier for the NameSpace must be globally unique.
Within each NameSpace, every data file must have a
unique integer identifier, and should have a unique name
string. The system manager for the NameSpace must
assign a unique identifier number to each data table, geo-
graphic data set (coverage, shapefile, etc.), image, text file,
etc. that will be used by the system. Information about
each data file (called a DataSet here) is stored in a central
DataSet table maintained within each NameSpace. This
table is analogous to a ‘catalog’ in the Open GIS consor-
tium model. The DataSet table must include a physical
address (url) for each DataSet so that it can be located
automatically when accessed. Within each DataSet, every
data instance has a unique integer identifier number. The
field containing this identifier is generally named with a
string in the form ‘DataSetName’ & ‘ID’. In summary, the
unique, global identifier for any data instance is a tuple
consisting of 3 integers: {NameSpacelID, DataSetID,
ObjectID}. Because this system has not been adopted out-
side the Arizona Geological Survey at present, the
NameSpacelD is not explicitly included in tables here.

Because some database software cannot join on multiple
fields, implementation considerations require generating a
single UniquelD from the DataSetID and ObjectID under
some conditions. This is done using the formula ID =
(DataSetID * 10000000) + ObjectID.

Metadata

Feature level metadata is implemented by linking
every data instance with an origin TrackingRecord, either
as an attribute of the instance, or by inheriting origin track-
ing from the DataSet that contains the instance. The
TrackingRecord defines a person, organization, and project
(an ‘activity’) that generated the data instance, along with
a link to a data processing description for how the infor-
mation was obtained and introduced to the database. Each
TrackingRecord may be linked (through a
SimpleRelationship) to one or more bibliographic cita-
tions.

Table and Field Naming Conventions

Tables and fields are named using strings with no
spaces. The first letter of separate words in the name is
capitalized, and no underscore separates words in the
name. Typing an underscore is error-prone, and under
many display conditions, underscores may be difficult to
see. Because of limitations in ArcInfo (v8.0.1) and
ArcView (v.3.2) software, field names in spatial data
native tables are limited to 10 characters.

DATA OVERVIEW AND ORGANIZATION

Three schema at the end of this document are present-
ed to assist in understanding the data structure. Figure 1 is
a simplified schema showing the tables necessary to repre-
sent the basic geologic data and cartography contained in a
typical geologic map visualization. This schema includes
the three kinds of relationship tables used to implement the
general relationship structure. Metadata, implementation-
specific description of cartographic objects, and descrip-
tion representation is not expanded in this schema. Figure
2 is a simplified schema showing the description of spatial
objects. Fields in the spatial object table (AAT and PAT in
ESRI terminology) represent a default visualization and
classification scheme, which uses the geologic symboliza-
tion and classification of the original map author. This
schema also includes some representation of description—
sample locations and structural measurements are includ-
ed. It does not include the correlation tables necessary for
building general relationships between objects, or any
metadata tables. Figure 3 is a simplified schema showing
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Figure 1. Simplified schema for geoscience database implementation. Map visualization represented by
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general relationship links between cartographic, classification, and spatial objects. Metadata, implementa-

tion-specific description of cartographic objects, and description representations are not expanded in this

schema. Different line patterns used to facilitate tracing links.
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Link to Cartographic Object

Stephen M. Richard
August 16, 2001
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Figure 2. Schema for basic geologic map description relational implementation. Metadata links not shown.

a more in-depth (but not complete) view of the feature-
level metadata implementation. All the tables shown on
these schemata are described in this text, and the figures
should be referenced throughout the following discussion.
The geologic and cartographic information in the data-
base is organized into several ArcInfo coverages and ESRI
shapefiles. The basic geology defined in the Geo coverage
requires the point-line-polygon topology implemented by

an ArcInfo coverage. Other spatial data may be in cover-
ages or ESRI shapefiles. The Geo polygon and arc cover-
age contains the lines that represent geologic contacts and
faults, and the associated polygons based on those lines
that define the outcrop area of map units. The Pnt point
data set contains the field observation stations that record
things such as structural measurements and collected rock
samples. The GeoLines line data set contains the geologic
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Figure 3. Schema for basic metadata relational implementation.

lines that do not define boundaries between rock units,
such as concealed faults and fold hinge surface traces.

The CartoLines line dataset contains cartographic lines,
such as text lead-in lines. Last, the CartoPnts point dataset
locates the cartographic point features used in the default
map layout, such as text labels.

Every spatial object (point, line, or polygon) is
uniquely identified by a compound primary key consisting
of a source-file identifier, named DatasetID, and a unique
identifier within that file, named ‘DataSetName’& ID
(referred to as ObjectID here). The ArcInfo-assigned
User-ID field, a seemingly good candidate for unique iden-
tifiers, is not immutable under build and clean operations
on the data set. Therefore, ObjectID was added as a user-
defined attribute, and the uniqueness constraint must be
enforced by the user. The ObjectID values in the tables in

this database should not be edited unless the user fully
understands the data structure and the ramifications of
editing the primary key in a relational database table. All
points, lines, and polygons have a TrackingID attribute
that joins with the TrackingRecord table to show the
source origination and tracking information for each
object. Geologic points and lines also have an Accuracy
attribute that defines the location uncertainty in meters for
the point or line. The compound object key, ObjectID and
DatasetID, and the compound source tracking key,
TrackingID and TrackingDS, plus the Accuracy attribute
for geologic points and lines, are the minimal set of attrib-
utes fundamental to each spatial object.

A number of other attributes are also included in the
coverage and shapefile tables to facilitate visualization of
the geologic data in a default layout, and to allow querying
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against a default classification scheme equivalent to the
original source map. These default values also make sim-
ple analyses of the map possible in non-relational database
environments required by some users of AZGS data. The
compound classification concept attribute, ConceptID and
ConceptDS, defines the default classification of every
object (Fault; Bedding; Surficial Map Unit...); the classifi-
cation confidence attribute, CConf, provides a subjective
measure of the confidence level for the classification of
the object (Low; Standard...); and the compound carto-
graphic object attribute, CartoObjID and CartoObjDS,
defines the cartographic object used to symbolize each fea-
ture in the default visualization (“0.35pt. solid black line
(24K)”; “Inclined bedding symbol — color black (24K)”;
“PMS-1205"...). There is also a Label attribute used to
store any specific labels or names associated with an
object, such as unit names for geologic polygons, and a
Name attribute that contains a brief description of each
object for intelligibility. Polygon features have a map unit
confidence attribute, MConf, that provides a subjective
measure of the identification confidence of a polygon to a
particular map unit (Low; Standard...). Point features also
have a Rotate attribute, measured anticlockwise, starting
from a compass azimuth of 90% that defines the degree of
rotation of graphical elements used for feature symboliza-
tion in the ArcView project. The rotation magnitude is
specific to the graphical environment of ArcView 3.2 using
the AZGSgeo.ttf true type font. Use of these geographic
data sets with a different GIS platform and/or font may
require that the rotation values in the Rotate attribute be
recalculated.

In the summaries that follow, each table includes a
compound unique identifier and a tracking record link.
These universal fields are described here rather than in the
tables below. Italicized words are names of other tables in
the database.

- ObjectID: Integer, width 16. First part of the com-
pound primary key. Uniquely identifies each
record in a particular table. Domain: Integers >0
and <1016, no duplicates. (Name varies from table
to table)

- DataSetID: Integer, width 16. Second part of the
compound primary key. Uniquely identifies the
record in the DataSetAZ table that defines the data
set that contains the definitive instance of this
object. Domain: Integers >0 and <10!6, must be
defined in the DataSetAZ table.

- TrackinglID: Integer, width 16. First part of the com-
pound primary key for link to the origin tracking
record for each object. It is a foreign key that joins
to the TrackinglID field of the TrackingRecord
table. Domain: Integers >0 and <1016, must have
match in table identified by TrackingDS value.

- TrackingDS: Integer, width 16. The DataSetID for
the table that contains the data object identified by

TrackingID. Domain: Integers >0 and <1016, must
be defined in the DataSetAZ table.

GEOLOGIC SPATIAL DATA

Geology Coverage

The geospatial data for a particular geologic data set
are represented in a set of Arc/Info coverages or ESRI
shapefiles. These files contain spatial objects that repre-
sent geologic features at corresponding locations in the
physical world. A minimum of two files are required to
represent a geologic map—one that represents geologic
faults and contacts, and one that represents the distribution
of map units. AZGS geologic map databases include these
in one Arc/Info coverage with polygon and line topology,
named Geo. A third file may be included to represent
point-located data (structure measurements, rock descrip-
tions, sample locations). AZGS geologic map databases
include these in an Arc/Info point coverage or an ESRI
point shapefile, named GeoPnts. A fourth file may be nec-
essary to represent those geologic lines that do not define
polygon topology (concealed faults, fold hinges, dikes,
marker beds...). AZGS geologic map databases include
these in one Arc/Info line coverage or ESRI line shapefile,
named Geolines. Fields in the data table associated with
this extra line-file are equivalent to the arc attributes in the
Geo coverage, and are not described separately here.

The Geo coverage is a polygon and arc coverage that
contains geologic lines that bound polygons (contacts,
faults, mapping boundaries...), or represent surfaces that
are discontinuous within polygons (faults that become
buried or die out). The polygon topology defined by the
lines in this coverage identifies the distribution of geologic
map units.

Polygon Attributes

- ObjectID/DataSetID: Compound key, unique identi-
fier for each spatial object

- TrackingID/TrackingDS: Compound foreign key,
link to origin tracking record.

- ConceptID/ConceptDS: Link to classification con-
cept that classifies the kind of map unit a particular
polygon represents. It is a foreign key that joins to
the ConceptID field of the ClassificationConcept
table. See Table 2 for example values.

- CConf: Character, width 16. Assigns a qualitative
confidence level to the classification of the kind of
unit represented by the polygon. Domain: ‘low’,
‘standard’, or ‘high’.

- CartoObjID/CartoObjDS: Compound foreign key,
link to cartographic object used to symbolized this
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spatial object on the default map visualization. It
is a foreign key that joins to the CartoObjID field
of the Cartographic-Object table. See Table 3 for
example values.

- MapUnitID/MapUnitDS: Compound foreign key,

link that identifies the geologic map unit associat-
ed with each polygon of type “Rock Volume Map
Unit” (ConceptID = 2406) or “Surficial Map Unit”
(ConceptlD = 2405). It is a foreign key that joins
to the ObjectID/DataSetID of the MapUhnits table.
See Table 4 for example values.

- MConf: Character, width 16. For polygons of type

“Rock Volume Map Unit” (ConceptID = 2406) or
“Surficial Map Unit” (ConceptID = 2405), indi-
cates the subjective confidence of the person mak-
ing the map unit classification in the assignment of

volume or surficial geologic map unit. Otherwise
the field does not contain a value. Domain: ‘low’,
‘standard’, or ‘high’.

- Label: Character, width 50. Equivalent to the geo-

logic map unit labels on the default map visualiza-
tion. This attribute represents the default classifi-
cation of each polygon to a particular rock unit and
is included to make symbolizing and viewing the
default map visualization relatively simple. The
label is queried if the classification confidence is
low.

- Name: Character, width 255. Equivalent to the geo-

logic map unit names in the map explanation on
the default map visualization. This is a redundant
field added to simplify the use of the data set in
non-relational database environments.

the material within the polygon to a particular rock
Arc Attributes

Table 2. Example classification concept ID
codes used in the Geo.pat table.

- ObjectID/DataSetID: Compound key, unique identi-
fier for each spatial object

- TrackingID/TrackingDS: Compound foreign key,
link to origin tracking record.

2405 Surficial Map Unit o
5406 Rock Volume Map Unit - Accuracy:_Float (rea%), sipgle precision. Represents
2404 Not Defined the spatial uncertainty in the location of a feature,

in meters. For example, a value of 10 for a line
feature indicates that the geologic entity represent-
ed by the line on the default map visualization is
within 10 meters of the mapped feature’s actual
location on the ground. At present this uncertainty
combines the geologic uncertainty in the accuracy

Table 3. Example cartographic object codes used in the
Geo.pat table

999 1 |Transparent . of location (e.g. for a gradational or poorly
1008 1 IPMS-100 exposed contact), and the numerical uncertainty in
3500 1 |Blue (R135,G207,8254) the co_mputer representation of the li.ne locatic')n. .
resulting from accumulated calculation and digitiz-
2231 1 |Transparent background . .
ing errors. The uncertainty must be greater than
2231 2 |Blue (R39,G146,B182) Ist pattern layer the numerical precision of the X,Y coordinates that
2254 1 |PMS8-454 background locate a point (i.e. the accuracy cannot exceed the
2254 2 |PMS-1205 1st pattern layer precision). This value determines the line style

Table 4. Example rock unit identification codes used in the Geo.pat table

0 Area not digitized

1 Abrigo Formation (Middle Cambrian)

2 Abrigo Formation (Middle Cambrian) - lower sandstone and mudstone unit

4 Abrigo Formation (Middle Cambrian) - upper sandstone, marl, and limestone unit

5 Bolsa Quartzite (Cambrian)

6 Bolsa and Abrigo Formations, undivided

7 Bolsa, Abrigo and Martin Formations, undivided, photogeologic identification

8 Martin Formation (Devonian)
25 Mafic sill (Cretaceous); sedimentary and volcanic sequence east of the Recortado Well Fault
26 Sandstone photogeologic unit 1 (Cretaceous or Jurassic)




176 DIGITAL MAPPING TECHNIQUES ‘01

that represents the line by using standard solid,
dashed, and dotted lines. For most existing maps,
this length will be based on standard map accuracy,
i.e. the geologic entity is located within the width
of the line shown on a map for a solid line. In this
data set, location uncertainties are qualitatively
estimated. A value of 0 indicates that accuracy is
not defined, as in the case of cartographic lines.
Domain: rational numbers >numerical precision of
data and <108.

- ConceptID/ConceptDS: Same as for geology poly-
gon coverage. See Table 5 for example values.

- CConf: Same as for geology polygon coverage.

- CartoObjID/CartoObjDS: Same as for geology
polygon coverage. See Table 6 for example val-
ues.

- Label: Character, width 50. When used, contains
strings that identify line features that have a label
associated with them, as in the case of named
faults. Domain: Free text.

- Name: Character, width 255. Identifies the default
classification of each type of line. This is a redun-
dant field added to simplify the use of the data set
in non-relational database environments.

Table 5. Example classification concept values used in
the Geo.aat table.

7 Contact, not classified, timing not specified
58 Fault, High-angle, normal separation
596 Fault, Generic high-angle, separation unknown

642 Mapping boundary surface
2423

Contact, intraformational, timing not specified

Point Coverage

The GeoPnt coverage is a point coverage that repre-
sents geologic spatial features located at a distinct point
(structural measurement stations, rock samples collection
stations...).

Table 6. Example cartographic object codes used in Geo.aat table

Point Attributes

- ObjectID/DataSetID: Compound key, unique identi-
fier for each spatial object

- TrackingID/TrackingDS: Compound foreign key,
link to origin tracking record.

- Accuracy: Same as for geology arc coverage, see
above.

- ConceptID/ConceptDS: Same as for geology poly-
gon coverage. Typical value: ConceptID = 3340 -
Field Observation Station.

- CConf: Same as for geology polygon coverage.

- CartoObjID/CartoObjDS: Same as for geology
polygon coverage. See Table 7 for example val-
ues.

- Label: Character, width 50. When used, contains
strings that are equivalent to any labels associated
with point features on the default map visualiza-
tion, e.g. sample identification numbers.

- Rotation: Integer, width 4. Specifies the font symbol
rotation that correctly represents the azimuth of the
geologic feature displayed on the default map visu-
alization at this point. This value is specific to the
graphical environment of ArcView 3.2 using the
AZGSgeo.ttf font.

- Name: Same as for geology arc coverage, see above.

CARTOGRAPHIC SPATIAL OBJECTS

Cartographic elements for the default map visualiza-
tion of a particular geologic data set are included in a line
and a point shapefile. Because the locations of points and
lines in these shapefiles are chosen to provide cartographic
clarity, the Accuracy and CConlf fields are irrelevant and
therefore not included. Otherwise the fields are the same
as those in the geologic line and point coverages (geo.aat
and pnt.pat), described above. The CartoLines shapefile
contains the cartographic lines (text lead-in lines...) used in
the default map visualization. The CartoPnts shapefile
contains the cartographic points (text labels, fault symbols,
fold geometry symbols...) used in the default map visual-
ization. Table 8 lists some kinds of points included in this
shape file, and Table 9 lists some associated cartographic
object examples.

53 Null line symbol

54 0.5pt dashed black line (24K) (Approximate contact)

55 0.5pt solid black line (24K) (Accurate contact)

59 1.5pt dashed black line (24K) (Approximate fault)

60 1.5pt solid black line with queries (24K) (Queried accurate fault)
61 1.5pt solid black line (24K) (Accurate fault)

65 2.5pt solid black line (24K) (Map neat line)
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Table 7. Example cartographic object codes used in the GeoPnt.pat table.
e dawe e o "

52 Null point symbol
2055 Inclined bedding symbol - color black (24K)
2056 Approximate inclined bedding symbol - color black (24K)
2057 Inclined crenulated or warped bedding symbol - color black (24K)
2058 Inclined bedding w/tops known symbol - color black (24K)
2059 Overturned bedding symbol - color black (24K)
2060 Overturned bedding w/tops known symbol - color black (24K)
2062 Vertical bedding symbol - color black (24K)
2064 Vertical bedding w/tops known symbol - color black (24K)
2076 Generic inclined foliation symbol - color black, open triangle (24K)
2093 Inclined eutaxitic foliation symbol - color black (24K)
2143 Minor anticline symbol - color red (24K)
2165 Fault attitude symbol - color black (24K)
2172 Circle with filled central circle (USGS 26.2.5) - color black (24K)

Table 8. Example classification concept codes used in
the CartoPnts. table

3057 Discrete feature point symbols

3317 Annotation, unit label

3318 Annotation, structural measurement label
3321 Annotation, generic text

THEMATIC GEOLOGY DATABASE
TABLES

The majority of geologic information is stored in the-
matic databases specific to particular kinds of geoscience
information, and linked to the Spatial Object tables by
explicit links, or through relationship links. Information in
these thematic tables includes structural measurements,
rock sample descriptions, text descriptions, geochronologic
age data, chemical and isotopic analytical data, lithologic
descriptions, stratigraphic time scales, and images. This
thematic geoscience part of the database is the least devel-
oped aspect of the system at present. Only basic map unit
description, structural measurement and rock sample tables

are described here. The thematic tables are specific to the
particular geologic data set. These tables are included in a
Microsoft Access database associated with each geologic
data set.

Map Unit Table

The MapUnits table defines the map units used to
classify polygons in the Geo coverage. In a more com-
plete implementation, the MapUnitID would be a link to a
more complete description in a series of tables for litholo-
gy, rock volume, and geologic surface description (geo-
science description component of database, see Table 1).

Database Table Fields

- MapUnitID/DataSetID: Compound key, unique
identifier for map unit.

- TrackingID/TrackingDS: Compound foreign key,
link to origin tracking record.

- OriginDate: Date/Time. Records when the record
was created. This information provides more
detailed information on the time that records were

Table 9. Example cartographic object codes used in the CartoPnts
table.

et i)
2134 anticline symbol - color black (24K)

2169 normal fault symbol - color black (1000K)

2177 plunge arrowhead - color black (12K)

2270 Small structural measurement label - color black (24K)
2270 Small unit label - color black (24K)

2271 Large dike label - color black (250K)

2271 Medium generic text label - color black (24K)

2271 Medium structural measurement label - color red (24K)
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originally entered, supplementing the information
in the associated TrackingRecord table.

- MapLabel: Text, width 25. Text string for standard
map label for this unit.

- Name: Text, width 255. Identifies the map unit name
or rock type.

- Description: Memo. Full description of the rock
unit.

Samples Table

The Samples table contains location and description
information for rock samples collected within the extent of
the geologic data set. The inclusion of both the UTM
coordinates for the sample location and a link to a spatial
object representing the sample location is redundant, but
both forms of location are included for reliability. If the
link with the spatial object data set is corrupted, the
Samples table still contains sufficient information to locate
the sample. Likewise, the sample table can be exported
for data exchange without including a data set with loca-
tion spatial objects.

Database Table Fields

- ObjectID/DataSetID: Compound key, unique identi-
fier for sample.

- TrackingID/TrackingDS: Compound foreign key,
link to origin tracking record.

- ActivityID/ActivityDS: Compound foreign key, link
to Activity for collection of the sample. Activities
for sample collection should indicate the person
who collected the sample. Domain: Integers >0
and <1016,

- FieldID: Text, width 30. Records the sample identifi-
er assigned to the rock collected in the field by the
original collector.

- DateCollected: Date/Time. Records when a sample
was collected.

- UTME: Number, real, single precision. UTM easting
coordinate for sample location. Domain: 122000 <
UTME < 700000.

- UTMN: Number, real, single precision. UTM nor-
thing coordinate for sample location. Domain:
3420000 < UTMN < 4110000.

- UTMzone: Number, long integer. Zone number for
UTM coordinates. Domain: 11 or 12 for the State
of Arizona.

- Accuracy: Same as for geology point coverage.

- SpObjID/SpObjDS: Compound foreign key, link to
spatial object that represents sample location.

- Area: Text, width 64. Geographic area name from
Arizona Geological Survey Place Names list.
Domain: Place names included in Trapp and
Reynolds (1998).

- Quadrangle: Text, width 64. Name of USGS 7.5
minute quadrangle that contains the sample location.
Domain: USGS 7.5 minute Quadrangle names.

- MapUnitID/MapUnitDS: Compound foreign key, link
that identifies the geologic map unit in the
MapUnhits data set from which the sample was col-
lected.

- Notes: Memo. Free text notes on sample.

Structural Measurement Data Table

The StructureData table contains values that define
the orientation of structural features. The inclusion of both
the UTM coordinates for the station location and a link to
a spatial object representing the station location is redun-
dant, but both forms of location are included for reliability.
If the link with the spatial object data set is corrupted, the
StructureData table still contains sufficient information to
locate the station. Likewise, the StructureData table can
be exported for data exchange without including a data set
with location spatial objects. A separate correlation table
to link stations with locations is unnecessary because each
station has a unique location.

Database Table Fields

- StructMeasureID/DataSetID: Compound key,
unique identifier for measurement.

- TrackingID/TrackingDS: Compound foreign key,
link to origin tracking record.

- SpObjID/SpObjDS: Compound foreign key, link to
spatial object in geology points coverage that rep-
resents the measurement location.

- Name: Text, width 255. Provides a descriptive name
for each type of structural measurement.

- StructMeasureTypelD/StructMeasureTypeDS:
Compound foreign key, link to classification con-
cept that identifies the kind of structure measured.
It is a foreign key that joins to the ConceptID field
of the ClassificationConcept table. See Table 10
for example values.

- CConf: Same as for geology polygon coverage.

- UTME: Same as for Samples Table.

- UTMN: Same as for Samples Table.

- UTMzone: Same as for Samples Table.

- Accuracy: Same as for geology point coverage.

- Azimuth: Number, single-precision real. Records the
trend or strike of a structural feature in degrees.
For planar surfaces, the measurement is recorded
using the right-hand rule (i.e. the measurement is
made such that the down-dip direction is to the
right when facing in the azimuth direction). The
magnitude of the angle is measured clockwise
starting from a compass azimuth of 0°. Domain:
Real numbers, from 0O to 360.
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Table 10. Example structural measurement type codes
used in the StructureData table.

42 Close disjunct cleavage
543 IFlow foliation
544 [Eutaxitic foliation
567 IMinor fault surface
572 ILineation, generic tectonic
581 Fold hinge, anticline
588 Orientation, fault surface
762 IBedding, crude or indistinct
768 Bedding, planar parallel
3324 Bedding, planar parallel, w/tops
3326 Bedding, contorted or variable

- AzimuthErr: Number, single-precision real. Records
the uncertainty, in degrees, associated with an
azimuth measurement. For example, an
AzimuthErr of 5 for an Azimuth of 127 would
indicate that the azimuth actually falls within the
range from 122 to 132 degrees. Domain: Real
numbers, >0 and <108.

- Dip: Number, single-precision real. Records the
angle between a planar or linear feature and hori-
zontal (degrees). The angle is measured in the ver-
tical plane perpendicular to strike for planar fea-
tures and parallel to trend for linear features. The
dip angle here measures total rotation rather than
the conventional inclination measurement. For
overturned beds this results in dips >900. This
allows conceptually consistent representation of
the dip for upright, overturned, or doubly over-
turned structures. Upright beds have dip <90,
overturned beds have 90 < dip <=180. Doubly
overturned beds have dip >180. Domain: Real
numbers, >=0 and <108,

- DipErr: Number, single-precision real. Records the
uncertainty, in degrees, associated with a dip mea-
surement. For example, a DipErr of 3 for a Dip of
29 would indicate that the dip actually falls within
the range from 26 to 32 degrees. Domain: Real
numbers, >0 and <108.

ARIZONA GEOLOGIC DATA SYSTEM
TABLES

The lookup tables defined below contain supporting
data maintained by the Arizona Geological Survey to sup-
port all databases within the organization. These tables are
included as a Microsoft Access database. By default, each
data set below references a table that is included in the
Arizona Geological Survey namespace.

Classification Tables

Classification Concept Table

The ClassificationConcept table is a collection of ter-
minology definitions — a term with a definition. These
terms are used to classify other objects in all parts of the
database. A unique identifier (ConceptID - DatasetID pair)
identifies each concept. Thus the name of the concept
may be changed without updating other links. The
Arizona Geological Survey geologic information system
has separate classification concept tables that are specific
to different components of the system (e.g. Rock Unit
Lexicon, Standard lithologic terms, etc.). Each of these
classification concept tables has its own data set identifier
defined in the DataSetAz table.

Database Table Fields

- ConceptID/DatasetID: Compound key, unique iden-
tifier for concept.

- TrackingID/TrackingDS: Compound foreign key,
link to origin tracking record.

- Name: Text, width 255. Provides a descriptive name
for each classification concept.

- ParentID/ParentDS: Compound foreign key, link to
ClassificationConcept that represents the concept
type. Semantically this is equivalent to the parent
of the concept and the links between classification
concepts and parent concepts define the classifica-
tion concept hierarchy. This hierarchy is represent-
ed by the HierarchyRelationship table for use in
general database queries. Inclusion of this attribute
with each classification concept facilitates manage-
ment of a single, simple tree hierarchy for classifi-
cation concepts, but future development may allow
a more complex concept hierarchy with multiple
parent links. The ParentID is a foreign key that
joins to the ConceptID field in this same table.
Domain: Integers >0 and <1016.

- Definition: Memo. Defines each classification con-
cept.

- OriginDate: Date/Time. Records when the record
was created.

Relationship Tables

Three sorts of relationship tables are used for repre-
senting semantic links between objects in the database (see
Relationship Table Discussion, above). In the Arizona
Geological Survey geologic information system, each
component of the system (cartography, rock unit lexicon,
standard lithology, geochronology...) has relationship
tables specific to that sub-domain. A particular geologic
data set may include several different relationship tables of
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each of the types described below, each with its own
DataSetID defined in the DataSetAz table.

Attributed Relationship Table

The AttributedRelationship table is used for repre-
senting relationships between objects in the database, i.e.
for linking instances of two entities in which each relation-
ship instance is assigned one or more attributes. This table
is constructed to allow up to 5 attributes: CConf (Concept
Confidence), CBasis (Concept Basis), StringValue (any
string), Number Value (any number), or Attribute (a link to
another object in the database). The RelTypelD link
defines the semantics of the relationship links.
Relationship constraints on RelType specify which attrib-
utes may have values, and specify the domains of those
values. Examples of attributed relationships include geo-
logic classification of spatial objects, and various kinds of
fractional analyses (e.g. chemical analysis, modal mineral
analysis, grain size distribution).

Database Table Fields

- RelationshipID/DataSetID: Compound primary key
that uniquely identifies each record in the
AttributedRelationship table. Although the com-
pound key {RelTypelD, RelTypeDS, FirstRolelD,
FirstRoleDS, SecondRolelD, SecondRoleDS} pro-
vides a unique key, the table has a standard
{ObjectID, DatasetID} key to allow a relationship to
play a role in another relationship using the standard
relationship tables. Domain: Integers >0 and <1016,
no duplicates.

- TrackingID/TrackingDS: Compound foreign key, link
to origin tracking record.

- Sequence: Number, long integer. Third part of com-
pound primary key. Orders multiple instances of a
single relationship link; use for ordered aggregation.

- RelTypelD/RelTypeDS: Compound foreign key, link
to classification concept that identifies the kind of
relationship. This allows the AttributedRelationship
table to represent any relationship that is defined by
a ClassificationConcept.

- FirstRoleID/FirstRoleDS: Compound foreign key that
identifies the object that fills the first role in the
AttributedRelationship.

- SecondRoleID/SecondRoleDS: Compound foreign
key that identifies the object that fills the second
role in the AttributedRelationship.

- CConf: Same as for geology polygon coverage.

- CBasis: Text, length 255. Indicates the basis for
assigning the relationship. Ideally this and CConf
should be ClassificationConcept terms, but a text
field is implemented here as an interim measure to
get a better feeling for what sort of terms are
required to assign values for confidence and basis.

- StringValue: Text, length 255. Allows assignment of
a text attribute value for the relationship. An
example is a text string that is displayed at a point
location as cartographic annotation, in which case
the relationship links the point with a TextFormat
cartographic object. Domain: Free text.

- NumberValue: Number, single-precision real.
Allows assignment of a numeric attribute value for
the relationship. Examples include assignment of a
fractional abundance for a component in a fraction-
al analysis, or a symbol rotation value for a point
location-structure symbol link. Domain: Real
numbers, >0 and <108.

- AttributeObjID/AttributeObjDS: Compound for-
eign key that identifies an attribute object associat-
ed with this AttributedRelationship instance.

- OriginDate: Date/Time. Records when the record
was created.

- Comment: Memo. Additional information about a
relationship instance.

Hierarchy Relationship Table

The HierarchyRelationship table represents parent-
child relationships. Multiple tree hierarchies may be rep-
resented, each identified by a HierarchyType — a classifica-
tion concept that defines the nature of the hierarchy. For
implementation simplicity, a hierarchy is represented in
this table as a set of links between each parent and all the
child objects beneath it in the hierarchy tree (its transitive
closure). The depth of any child object in the tree is deter-
mined by the number of parent objects linked to it. This
representation makes response to queries that require all
kinds (sub types) of a thing (e.g. ‘all spatial objects’, ‘all
map units’) simple to execute. Currently, each child has
only one parent.

Database Table Fields

- RelationshipID/DataSetID: Compound key that
uniquely identifies relationship; see discussion for
AttributedRelationship, above.

- TrackingID/TrackingDS: Compound foreign key,
link to origin tracking record.

- HierarchyTypelD/HierarchyTypeDS: Compound
foreign key, link to ClassificationConcept that
identifies the kind of hierarchy. This allows the
HierarchyRelationship table to represent multiple
concept hierarchies as well as other unrelated hier-
archies or part-whole trees.

- ParentID/ParentDS: Compound foreign key, link to
the parent object in the relationship.

- ChildID/ChildDS: Compound foreign key, link to the
child object in the relationship.
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Simple Relationship Table

This table is used to represent relationships that link
instances of any two objects in which no uncertainty is
involved and the relationship has no attributes. Examples
include aggregations of parts, and linking SpatialObjects to
Cartographic-Objects for symbolization.

Database Table Fields

- RelationshipID/DataSetID: First part of compound
key that uniquely identifies relationship; see dis-
cussion for AttributedRelationship, above.

- TrackingID/TrackingDS: Compound foreign key,
link to origin tracking record.

- Sequence: Number, long integer. Third part of com-
pound primary key. Orders multiple instances of a
single relationship link. Use for ordered aggrega-
tion relationship. Domain: Integers >0 and <1016,

- RelTypelID/RelTypeDS: Compound foreign key, link
to classification concept that identifies the kind of
relationship. This allows the SimpleRelationship
table to represent any relationship that is defined
by a ClassificationConcept.

- FirstRoleID/FirstRoleDS: Compound foreign key,
link to object that fills the first role in the
SimpleRelationship.

- SecondRoleID/SecondRoleDS: Compound foreign
key, link to object that fills the second role in the
SimpleRelationship.

- Comment: Memo. Contains any additional informa-
tion about a relationship instance.

Metadata Tables

Activities Table

The Activities table is a link to an activity responsible
for update of, or addition to, the database. An activity is a
particular person, working for a particular organization,
under the auspices of a particular project.

Database Table Fields

- ActivityID/DatasetID: Compound key that uniquely
identifies the activity.

- Name: Text, width 255. Provides a unique name
identifier for each activity.

- PersonOrgID/PersonOrgDS: Compound foreign key
that uniquely identifies the {person, organization}
tuple associated with the activity. See Table 11 for
example values.

- ProjectID/ProjectDS: Compound foreign key that
uniquely identifies the project associated with the
activity. See Table 12 for example values.

- Comment: Memo. Contains descriptive text about
each activity.

Bibliographic Citations Table (AZgeoBibLinkTable)

The AZgeoBibLinkTable table is derived from the
Arizona Geological Survey bibliographic data base
(AzGeoBib, Trapp et al. (1996), DataSetID = 4 in the
DataSetAZ table), and provides a mechanism for citing
published literature. In this database citations are related
to tracking records through the MetadataRelationship
table. This derivative table is included to replace links to
the full AzGeoBib database.

Database Table Fields

- AzGeoBibID/DataSetID: Compound key that
uniquely identifies the citation in AzGeoBib.

- Authorship: Text, length 255. Author of cited publi-
cation. Format: ‘Last Name, First Initial Middle
Initial.”; Author names separated by comma, with
¢, and * before last author.

- Title: Text, length 255. Title of cited publication.

- Citation: Text, length 255. A text citation for the
location of publication.

- Year: Date/Time. Year of publication for citation.

DataSetAZ Table

The DataSetAZ table is a catalog of the data sets
within the Arizona Geological Survey namespace. A data
set is any collection of data that is held in an individual
file or table. Examples include individual ArcInfo cover-
ages, ESRI shapefiles, tables in Microsoft Access databas-
es, dBase tables in individual .dbf files, and files contain-
ing images (e.g. tiff, jpeg). The contents of the
DataSetAZ table define the ‘Arizona Geological Survey’
namespace. This table is analogous to an Open GIS
Consortium ‘Catalog’. In the more complete metadata
implementation, a geographic dataset is associated with
map extent, projection, and map horizon objects that
define the original geometry of the spatial data.

Database Table Fields

- DataSetID: Number, long integer. First part of the
compound primary key, uniquely identifies data set
in the DataSetAZ table.

- NameSpace: Text, width 50. Second part of the com-
pound primary key. Identifies the agency or orga-
nization that owns or maintains the data set.
Example: ‘Arizona Geological Survey’.

- NameSpaceID/NameSpaceDS: Compound foreign
key that joins to the ConceptID field of the
ClassificationConcept table. There is a 1:1 corre-
spondence between NameSpacelD and values in
the NameSpace field; either can serve as the sec-




182

DIGITAL MAPPING TECHNIQUES ‘01

Table 11. Example PersonOrg codes used in the Activities Table.

1 15 Dr. Stephen M. Richard Arizona Geological Survey
2 15 Mr. Tim R. Orr Arizona Geological Survey
13 15 Mr. Ray C. Harris Arizona Geological Survey
14 15 Mr. Ray C. Harris U. S. Bureau of Mines

Table 12. Example ProjectID codes used in the Activities Table.

1 17 Arizona NADM implementation |Develop NADM 5.2 implementation and use for new geologic
development map of Arizona database

2 17 DI-8 Version 3 database Construct database with geologic data compiled for Map 35.
development

4 17 Null No project assigned

13 17 Staternap 1999 Surficial Surficial Geologic maps of Avra Valley and Green Valley areas

16 17 AZ Geologic Map Index database |conversion of DI-9 (AZ Map Index) to new AZ datastructure
conversion

20 17 Statemap 1999, Digital geologic information for the Roskruge and Waterman
Roskruge/Waterman Digital Data | Mountains

ond part of the compound key that identifies a
DataSet. Both a string value and an numeric value
are included to facilitate implementation using the
convention adopted for this database system that a
data object within a particular namespace is identi-
fied by a compound primary key consisting of 2
long integers.

- TrackingID/TrackingDS: Compound foreign key,
link to tracking record that records origin of
dataset. This tracking record is inherited by
records in the data set if they do not have individ-
ual tracking records.

- DataSetName: Text, width 255. Uniquely identifies
the data set within the NameSpace.

- DataSetTypeID/DataSetTypeDS: Compound foreign
key, link to ClassificationConcept that identifies
the physical data structure of the data set (e.g.
ArclInfo coverage, Microsoft Access table....). See
Table 13 for example values.

- DataSetSubjectID/DataSetSubjectDS: Compound
foreign key, link to a ClassificationConcept that
classifies the data set according to a subject classi-
fication term. The subject classification term iden-
tifies the domain of interest for the data in the data

set. In future implementations, the data set subject
will be used for error and consistency checking. A
more complete key word index for data sets would
need to be implemented through a correlation table
(Simple Relationship) allowing a many-to-many
join between data sets and subjects. See Table 14
for example values.

- SourceFileTypelD/SourceFileTypeDS: Number,
long integer. Classifies each data set by its physi-
cal file type or format. It is a foreign key that joins
to the ConceptID field of the
ClassificationConcept table. Domain: See Table
15.

- PhysicalAddressTypelD/PhysicalAddressTypeDS:
Compound foreign key, link to
ClassificationConcept that identifies the type of
physical address that records where the data set is
stored. Example values: 2726 = DOS-style path
name; 2727 = Microsoft Network file path name.

- PhysicalAddress: Text, width 255. Identifies the
actual physical location of the data set.

- IdentifierFieldName: Text, width 50. The name of
the field in the DataSet that contains the identifier
component of the compound unique identifier for

Table 13. Example data set type codes used in the DataSetAZ
table.

2744 Classification/Description/Definition Dataset
2761 Generic Attributed Relationship Dataset
2762 Description Container Dataset

2794 Geographic Dataset
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Table 14. Example data set subject codes used in the DataSetAZ table.

2759 NADM Implementation Infrastructure

2767 AZ Cordlink base table

3306 Graphic Definition Tables

3336 Roskruge and Waterman Mountains and western Avra Valley

Table 15. Example source file type codes used in
the DataSetAZ table.

2543 dBase Table

2544 ESRI coverage, point
2545 ESRI coverage, arc
2547 ESRI coverage, polygon
2548 AV shapefile, point
2549 AV shapefile, line

each record. The field name is typically the table
name or an object type name with ‘ID’ appended.
Identifier field names always end with the string
‘ID’.

- DataSetFieldName: Text, width 50. Records the
name of the field in the DataSet that contains the
data set component of the compound unique identi-
fier for each record. By convention, this field is
named ‘DataSetID’, but some variations occur.

- Comment: Memo. Provides additional descriptive
information about each data set.

Metadata Relationship Table

The MetadataRelationship table is a
SimpleRelationship table that provides a general mecha-
nism for semantic links between metadata instances. A
RelType (relationship type) identifier links to a
ClassificationConcept that defines the semantics of the
relationship. Constraints on kinds of objects that may play
the first and second role, and the number of fillers allowed
for each role, will eventually be specified by a
ValidRelationshipConstraint data structure, but this part of
the database is currently being revised and is not described
here. This table may be used to implement a many-to-
many join between tracking records and citations, project
hierarchy (large project with subprojects), organization
successor (when an organization changes name), organiza-
tion aggregation (to represent individual departments as
part of a larger organization), StartDate and EndDate links
between Person-Organization affiliations and a metadata
dates entity, PersonOrg-ContactInformation links to allow
multiple contact addresses and types (phone, internet, sur-
face mail...), and Object-LogEntries to allow multiple
tracking records to be related to any object, to track revi-

sions, comments, etc. See description of
SimpleRelationship table for fields in this table.

Tracking Record Table

The TrackingRecord table keeps a record of the
intellectual and physical sources for objects and data by
defining links to tables that describe the processes and
activities through which data was created. Data objects
that have a TrackingID/TrackingDS link are directly linked
to a TrackingRecord of TrackingRecordType
‘OriginTracking’ that provides information on the original
source of the object. The TrackingRecord data structure
includes a link to an Activity (tuple of person, organiza-
tion, project) responsible for the tracked event, and a link
to a ProcessingMethod that describes the procedure used
to represent the feature in digital form. Links to citations
for publications relevant to the origin of the information
are constructed through a MetaDataRelationship link (see
MetadataRelationship table).

Tracking records may also be LogEntries that docu-
ment updates or comments related to any data object.
LogEntry tracking records are linked to data objects using
a MetaDataRelationship link, allowing a many-to-many
relationship between log entries and data objects.

Database Table Fields

- TrackingID/DataSetID: Compound primary key,
uniquely identifies each record.

- TrackingRecordTypeID/TrackingRecord TypeDS:
Compound foreign key, link to
ClassificationConcept that identifies the type of
tracking record. See Table 16 for example values.

- Name: Text, width 255. Uniquely identifies each ori-
gin tracking record and is included for intelligibili-
ty.

- LogDate: Date/Time. Records when an entry was
created.

- ActivityID/ActivityDS: Compound foreign key, link
to Activity in the Activities table that is responsible
for the tracked event. See Table 17 for example
values.

- DataProcMethodID/DataProcMethodDS:
Compound foreign key, link to a data processing
name and definition in the ClassificationConcept
table. A complete data processing object define the
steps in developing a particular data item (digitized
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2534 Origin Tracking Record

Table 16. Tracking Record Type codes used in the TrackingRecord table

Tracking record that records the origin of a data object or data set

2742 Log Entry Tracking Record |Tracking record type for tracking records that add information about a data entity

2765 Termination Tracking

Tracking record that indicates a data object has been superceded by a newer object.

Record

3210 Feature-level Origin Use as supertype to group tracking records that document origin of individual
Tracking Record feature records in data sets.

3211 Feature-Level Tracking for |Supertype to group feature tracking records for Geologic map of Arizona Database,
D18 V3 v3

3228 Feature-Level Tracking for
Infrastructure Objects

Tracking record type for records that track data objects in the infrastructure tables

3231 Dataset Origin Tracking

Tracking records that record facts about the origin of a Dataset, and are inherited
by contents of data set unless feature-level tracking is included for data set

Table 17. Example Activity ID codes used in the TrackingRecord table.

1 SMRDataModelDevelopment Stephen M. Richard, Arizona Geological Survey, Arizona data model
implementation development
2 SMR-DI8V3DevelopmentActivity |Stephen M. Richard, Arizona Geological Survey, D1-8 Version 3 database
development
Null No Activity assigned; Null N Null, None, Null
5 BLMMOSSdigitizeMap26 BLM activity to produce MOSS version of Reynolds, 1988, AZGS Map26;

Jason . Brander, Bureau of Land Management, Digitize Geologic Map of
Arizona, using MOSS

45 RCHRoskrugeWatermanDI

Digitizing, editing, and attribution of geologic information by Ray Harris
from data collected for Statemap 1999 contract; Ray C. Harris, Arizona
Geological Survey, Statemap 1999, Roskruge/Waterman Digital Data

82 PAPRoskrugeWatermanD1

DI-9 database contributions by Phil Pearthree

spatial feature, record in a data table) as an ordered
aggregation of ‘DataProcessingSteps’ (a
MetadataRelationship).

- Description: Memo. Free text description of tracked
event, or additional information.

Cartographic Tables

Cartographic Object Table

The CartographicObject table is an implementation-
independent representation of symbols used to display
points, lines, polygons, and text on a map visualization.
This is done by defining links to tables that provide imple-
mentation-dependent descriptions of graphical objects used
for symbolization. Graphical object tables in this database
are designed to describe symbology for ArcView 3.2 run-
ning in a Microsoft Windows environment.

Individual cartographic objects may consist of sever-
al graphical objects stacked according to the sequence
attribute in the table, with the lowest sequence symbol
overlain by subsequent symbols in the sequence. A
CartographicObject defines links to tables that define
implementation-specific graphical objects and colors; these

tables are not explained here. The DataSetID for the
linked tables serves to indicate what sort of graphical ele-
ment is being specified.

Geologic structure symbols present a special problem,
because a standard strike-and-dip symbol is considered to
be the same CartographicObject, irrespective of its orienta-
tion, and while the same symbol is used for each measure-
ment location (SpatialObject), the symbol is rotated
depending on a value (the azimuth) specific to a
StructureMeasurement associated with that SpatialObject.
SpatialObject must be joined with CartographicObject
through an attributed relationship(s) that includes the rota-
tion value as its attribute. The CartoObjType may be used
to determine if the symbolization depends on an
AttributedRelationship.

Database Table Fields

- CartoObjID/DatasetID: Compound unique identifier
for each Cartographic Object

- TrackingID/TrackingDS: Compound foreign key,
link to origin tracking record.

- Sequence: Number, integer. Third part of the com-
pound primary key. Corresponds to the layer order
in which graphical elements are created. For
example, an ornamented line, such as a line with
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queries, would be created using two layers. The
first layer, the line itself, would have a sequence
value of 1, while the second layer, the query sym-
bol, would have a sequence value of 2. Domain:
Integers >0 and <108.

- Name: Text, width 255. Uniquely identifies and
describes each cartographic object and is included
for intelligibility.

- CartoObjTypelD/CartoObjTypeDS: Compound
foreign key, link to ClassificationConcept that clas-
sifies the graphical element type. It is a foreign
key that joins to the ConceptID field of the
ClassificationConcept table. See Table 18 for
example values.

- GraObjID/GraObjDS: Compound foreign key, link
to a specific graphical element. It is a foreign key
that joins to the GraObjID field of either the
GraphicLine table (GraObjDS = 26), the
GraphicLineOrnamented table (GraObjDS = 412),
the GraphicPattern table (GraObjDS = 411), or the
GraphicTextFormat table (GraObjDS = 420) (these
tables are not described in this document). See
Table 19 for example values.

Table 18. Example cartographic object type codes used in
the CartographicObject table.

1957 Cartographic Object -- point
1958 Cartographic Object -- line
2392 Point symbol from font

2393 Annotation at point

2408 Fill, solid

2409 Fill, pattern

3019 Line, solid

3020 Line symbol, dash-dot pattern
3021 Line symbol, ornamented

- ColorID/ColorDS: Compound foreign key, link to a
specific color defined in a Color table (not
described in this document).

- OriginDate: Date/Time. Records when the record
was created.

- Comment: Memo. Provides additional descriptive
information about a record.

Map Legend Table

The MapLegend table contains relationship links
between a ClassificationConcept and an implementation-
independent CartographicObject used to symbolize objects
belonging to the class. A particular map legend may con-
tain only one instance of each symbol included, but differ-
ent symbols may correspond to the same classification
concept (e.g. symbols for horizontal, inclined, vertical,
and overturned planar bedding). The MapLegend table
assigns a Name, Label, and Description for objects of that
class which are used to generate the explanation to display
on the map. The Sequence field orders items in the leg-
end. Legend items may be present that have no corre-
sponding classification concept; these typically act as
headings. The compound key for the MapLegend table is
the tuple {MapLegendID, DataSetID, Sequence}.
Hierarchy in the legend is represented by a
HierarchyRelationship with RelTypelD = MapLegendID.

Database Table Fields

- MapLegendID/DataSetID: First parts of compound
key for each MapLegend object.

- TrackingID/TrackingDS: Compound foreign key,
link to origin tracking record.

- Sequence: Third part of compound primary key.
Orders records with the same
MapLegendID/DataSetID values within a legend
display.

Table 19. Example graphic object codes used in the CartographicObject table

thick line (1.5 pt), solid
7 26 medium line (0.5 pt), dash-dot
10 26 thick line (1.5 pt), standard medium dash
20 26 medium line (0.75 pt), dotted
14 411 cross hatch, lines at 30° 90° and 150°, separation = 4 pt.
33 411 vertical hatch, separation = 1 pt.
0 411 Null Pattern
2 412 Query
3 412 Perpendicular hash
4 412 X pattern
6 420 Arial, Normal, Spacing: 1, JUST_LEFT, 11 point
12 420 AzGSArial, Normal, Spacing: 1, JUST LEFT, 7 point
19 420 Arial, Bold, Spacing: 1, JUST_LEFT, 7 point
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- ConceptID/ConceptDS: Compound foreign key, link
to classification concept that is symbolized by the
associated cartographic object in this table.

- CartoObjID/CartoObjDS: Compound foreign key,
link to CartographicObject that specifies the sym-
bolization for spatial objects classified to the asso-
ciated ConceptID for this legend item.

- DispPriority: Long Integer. A priority number that
allows the user to specify the order in which
objects are drawn when the map is displayed.
Objects with larger numbers are drawn on top of,
and may hide, objects with smaller numbers.

- DispVisibility: Text, width 1. Determines whether or
not a symbol is displayed in the legend. Domain
‘Y’ (the symbol is displayed in the legend); ‘N’
(the symbol remains hidden from view when the
legend is displayed).

- ClassName: Text, width 255. The name for the geo-
logic feature represented by the cartographic object
{CartoObjID) in this MapView. This is the name
associated with the symbol in the map legend
graphic.

- ClassLabel: Text, width 16. The label to use in the
map display to identify the geologic feature repre-
sented by the cartographic object (CartoObjID) in
this MapView.

- ClassDesc: Memo. A text block for use in the map
legend display that describes the geologic feature
represented by the cartographic object
(CartoObjID) in this MapView. Generally this
description will correspond to the ConceptID that
the symbol represents, modified by location and
identification accuracy values from the classifica-
tion scheme.

- OriginDate: Date/Time. Automatically filled with
the date and time this record was added to the data-
base.

Map View Definition Table

The MapViewDefinition table defines a Title,
Description, Extent, Projection, DesignScale,
MapHorizon, ClassificationScheme and MapLegend to use
for a particular MapView. A MapView is a collection of
SpatialObjects within a bounded area (the Extent), classi-
fied using a particular ClassificationScheme, and symbol-
ized using a particular MapLegend. The MapView does
not necessarily use all the items in the MapLegend, or all
the SpatialObjects classified under the
ClassificationScheme. Every ClassificationConcept in the
ClassificationScheme that is related to a Spatial-Object
included in the MapView must have a CartographicObject
assigned by the MapLegend associated with the MapView.

SimpleMapView — All SpatialObjects symbolized in
the MapView are entirely within the MapExtent, and the
set of CartographicObjects in the MapLegend is the same

as the set of Cartographic-Objects used to symbolize spa-
tial objects in the view.

GeneralMapView — SpatialObjects may come from
different DataSets that may have extents different from the
MapView extent, and the MapLegend may include
Cartographic-Objects not used in the MapView.
SpatialObjects symbolized in the MapView must be
clipped to the MapExtent, and the MapLegend must be fil-
tered to select only the items that appear in the MapView.

The ViewSchemeType in the MapViewDefinition
table determines how the MapView is constructed. In
addition to specifying if the view is a GeneralMapView or
SimpleMapView, the ViewSchemeType also varies along a
second dimension based on how the link between
Cartographic-Objects and SpatialObjects is defined, as fol-
lows:

DefaultMapView — Represents a default visualization
of a geologic data set. Default ClassificationConcepts,
CartographicObjects, necessary CartographicObject attrib-
utes (e.g. rotation for strike-and-dip symbols) and feature-
linked annotation (polygon labels, dip values) are assigned
using fields embedded in the SpatialObject tables.
SimpleRelationship aggregates the DataSets containing the
SpatialObjects through a simple relationship of type
MapViewlD; sequence attribute establishes display order
for DataSets. All DataSets contain data within the same
MapExtent. The Mapl.egend can be produced through a
query that returns the union of unique
ClassificationObject/CartographicObject pairs included in
the records for all Spatial-Objects represented in the view.
MapLegendID and ClassSchemelD are not required, but a
predefined MapLegend is necessary to structure the
MapLegend display, display order, and explanatory name,
label and text (ClassName, ClassLabel, ClassDesc) for fea-
tures; otherwise the default legend layout for the particular
GIS implementation will be used.

DirectMapView — MapViewID is a RelationshipType
for a SymbolizationScheme Relationship linking
SpatialObject with CartographicObject, and MapLegendID
identifies the appropriate Map-Legend objects. All
CartographicObjects used must be included in the
MapLegend. The ClassificationSchemelD link in the
MapViewDefinition identifies the classification scheme
used as the basis for assigning symbols to spatial objects.
The direct scheme is necessary for individually varying
symbolization (e.g. structure symbols), and also allows for
map generalization in which an object classified in the
same way may be symbolized differently.

NADM43MapView — SpatialObjects are linked with
ClassificationConcepts through a ClassificationScheme
specified by the MapViewDefinition, and
ClassificationConcepts are linked with
CartographicObjects through the MapLegend. Assignment
of CartographicObjects to Spatial-Objects requires two
joins, and the ClassificationConcepts used are conceptually
equivalent to Cartographic-Objects because, in order to
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symbolize an object differently, it must be classified differ-
ently. Thus, in order to rotate structure symbols to the cor-
rect display azimuth, ClassificationConcepts for each
azimuth must be generated, or the azimuth attribute of the
data to symbolize must be propagated from the structural
measurement table, through the SpatialObject,
ClassificationScheme link (Spatial-Object-Classification),
and MapLegend link (Classification-CartographicObject).

Database Table Fields

- MapViewID/DataSetID: First parts of compound
key for each MapView object.

- TrackingID/TrackingDS: Compound foreign key,
link to origin tracking record.

- Title: Text, length 255. Records the title displayed on
the map view.

- Author: Text, length 255. Records the authorship
displayed on the map view. For views that attempt
to duplicate a published map, this would be the
original authorship of the published map.

- PublicationDate: Date/Time. Records the date of
creation of the map view. For views that attempt
to duplicate a published map, this would be the
original date of map publication.

- Description: Memo. Text description of the map.
Could be used to store text blocks for display on
the map layout. Should describe purpose of map.

- DesignScale: Number, Long Integer. Records display
scale for which map view has been designed. The
number is the denominator of the scale fraction.
For example, if the map is designed for display at
1:24000, this field would contain the value
24000°.

- CatalogLinksDatsetID: Number, Long Integer.
Identifier for a simple relationship data set (in
DataSetAZ catalog table) that contains set of links
of type ‘MapView components’, linking the
MapViewID with the DataSetID’s for all data sets
required to construct the MapView. This aggrega-
tion must identify at least the data sets containing
spatial data used by the map view, and the relation-
ship tables that contain classification and symbol-
ization links.

- ExtentID/ExtentDS: Compound foreign key, link to
an Extent object (in an Extents metadata table) that
defines the boundary of the geology displayed in
this map view.

- ProjectionID/ProjectionDS: Compound foreign key,
link to a projection in a Projection metadata table
(not described in this document). The projection
describes the mapping between a non-planar map
horizon and the planar map view surface.

- MapHorizonDesc: Memo. Description of the map
horizon, which is the physical surface that contains
the geologic features displayed on this map view.
Domain: Free text.

- MapHorizonID/MapHorizonDS: Compound foreign
key, link to MapHorizon record in a MapHorizon
metadata table (not described in this document).
This link defines the base map and representation
of the 3-D geometry of the physical surface repre-
sented by the map view.

- MapLegendID/MapLegendDS: Compound foreign
key, link to the MapLegend aggregation in the
MapLegend table. The MapLegendID serves as
the filter for selecting ClassificationConcept-
CartographicObject links, and identifies the sym-
bols used in the map view.

- ViewSchemeTypelD/ViewSchemeTypeDS:
Compound foreign key, link to the classification
concept that defines how symbols are assigned to
spatial objects for this map view. Domain: 2785 =
NADMA4 .3 type (spatial object-classification, clas-
sification-symbol); 2786 = MapLegend and Direct
(spatial object-symbol through relationship table);
and 3364 = Default (spatial object-symbol through
attribute in native spatial object table).

- ClassSchemelD/ClassSchemeDS: Compound foreign
key, link to the ClassificationConcept that repre-
sents a collection of AttributedRelationship links
between spatial objects and classification concepts
that assign geologic significance to spatial objects.
This value is used as the RelationshipType to select
the relevant classification links.

- OriginDate: Date/Time. Extra information field
automatically filled with the date and time this
record was added to the database.
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Geology of the Cretaceous West Gulf Coastal Plain in
Southwestern Arkansas

By William D. Hanson and Daniel K. Smith

Arkansas Geological Commission
3815 West Roosevelt Road
Little Rock, AR 72204
Telephone: (501) 296-1877
Fax: (501) 663-7360
e-mail: doug.hanson@mail.state.ar.us

Cretaceous units in southwestern Arkansas are cur-
rently being mapped under the National Cooperative
Geologic Mapping Program-STATEMAP Project number
1434-94-A-1223. Twenty-two 7.5-minute quadrangles
have been mapped to date. By July 1, 2001 seven more
maps will be completed. Next fiscal year (2001-2002), the
Onia and Fifty-Six quadrangles in north-central Arkansas
will be mapped. ArcView 3.2 and Canvas 6.0 are used to
create the digital maps. Paper copies of these maps are
available from the Arkansas Geological Commission as
Open-File Reports. Geologic worksheets, geologic maps
reduced to 1:48,000, are being produced from digitized
geologic maps. Each will have a brief lithologic descrip-
tion of the units on the back of each sheet.

Cretaceous rocks of the West Gulf Coastal Plain in
southwestern Arkansas consist of the Lower Cretaceous

Trinity Group, which includes the Dierks Limestone Lentil
and DeQueen Limestone Member, and the Upper
Cretaceous Woodbine Formation, Tokio Formation,
Brownstown Marl, Ozan Formation, Annona Chalk,
Marlbrook Marl, Saratoga Chalk, Nacatoch Sand, and
Arkadelphia Marl. The Trinity Group consists of sand,
clay, limestone, gravel, and gypsum, while the Upper
Cretaceous units consist of sand, clay, marl, chalk, and
water-laid volcanic tuff. These units are primarily sedi-
mentary in origin and were deposited in a near-shore
marine environment. Most of these formations are bound-
ed by unconformities. Lower Cretaceous units strike east-
west and dip to the south approximately 80-100 feet per
mile. Upper Cretaceous units strike northeast-southwest
and dip to the south approximately 80 feet per mile.
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GIS May Make Maps Fast: But Cartography is Still an Art!

By William S. Schenck! and Nicole M. Minni?

IDelaware Geological Survey
University of Delaware
Delaware Geological Survey Building
Newark, DE 19716-7501
Telephone: (302) 831-8262
Fax: (302) 831-3579
e-mail: rockman@udel.edu

ZWater Resources Agency
University of Delaware
Paradee Center
69 Transportation Circle
Dover, DE 19903
Telephone: (302) 735-8204
Fax: (302) 735-8203
e-mail: nminni@udel.edu

ABSTRACT

Cartography and cartographers alike are evolving and
trying to adapt to the new GIS technology. 1 would sug-
gest to you that cartography has been evolving since its
beginnings 2000 years ago and possibly even earlier if evi-
dence could be found. “Mapping” began when the first
humans tried to document their surroundings. The middle
centuries were the true beginnings of what we all think of
as maps. The realization that the world wasn’t flat and the
development of the Cartesian coordinate system led to an
increasingly more correct representation of the geography
of the Earth. During this time maps were truly considered
“Artwork” and in fact most “cartographers” of the day
were artists of great fame. We now refer to these maps as
“Old World maps,” filled with art and artwork and not
very accurate by today’s standards.

In the middle 1800s we began to use “aerial photogra-
phy” to help produce maps. These “birdseye” views began
as artists produced lithographs after ascending in hot air
balloons. In the early 1900s the aircraft provided the plat-
form needed to get accurate “birdseye” views using what
we recognize now as aerial photographs. But even with
these more accurate views, cartography still required the
human (artistic) touch.

We are getting more and more remote views of our
planet and we have different electronic sensors that satel-
lites use as well as photos taken by astronauts to help us
get an even better understanding of the spatial layout of
our planet. Satellite technology has propelled map making
forward at a shocking pace, leaving many true cartogra-
phers behind. Now we have to know GIS to create maps,
but there is still a portion of this craft that is art based.

Today all kinds of data can be mapped using GIS
technology. We can perform massively complicated com-
putations on spatial data and produce a graphic, geospatial
result that most of us still would call a map. These maps
have a different “look” to them and many of us are willing
to make concessions and accept this new type of digital
map; however, 1 would tell you that at the present time, the
art of Cartography is still very much alive, especially in
the area of thematic maps and especially those that get
published.

In January 2001, the Delaware Geological Survey
published the new Bedrock Geologic Map of the Piedmont
of Delaware and Adjacent Pennsylvania (Plank and others,
2000; Schenck and others, 2000). This is the first geologic
map that the Survey has produced totally in a digital envi-
ronment. Most of the problems encountered producing
this map began when we started using GIS (Arclnfo) to do
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“cartography”. Moving the map into Adobe Illustrator and
completing the map in that environment solved many of
these problems.

Cartography is evolving once more and eventually
researchers and people alike will accept the “look” of a
plotter printed graphic map allowing cartography to move
into the 21st century and beyond. When future researchers
look at this map, they will likely say, “this map was pro-
duced when cartography was still an art!
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Will a Standard Data Model Work for Washington, DC Area
Geologic Geospatial Data?

By Adam M. Davis

U.S. Geological Survey
e-mail: amdavis@usgs.gov

Department of Geology
Indiana University
1001 E. 10th St
Bloomington, IN 47405

ABSTRACT

The U.S. Geological Survey Eastern Region Earth
Surface Processes Team (EESP) assembled a database to
accompany Geographic Information System (GIS) geolog-
ic layers of the western portion of the Washington DC
Metropolitan Area. The process of assembling this data-
base involved combining spreadsheets, map unit descrip-
tion text files, and Arc/Info attribute tables into one data-
base. The database design attempts to provide data storage
efficiency, ease of data retrieval, compliance with the stan-
dard data model effort, and consistency with the language
and style of the data as it was collected and originally
entered into digital format. At the end of its compilation
process the database was converted to a format compliant
with the North American Data Model standard for geolog-
ic map data (NADM). Application of the NADM to
Washington DC Area geologic map data had several prob-
lems. One problem was that the NADM was complex and
had abstract terminology that was different from the termi-
nology used by EESP. In addition, there were several data
elements that didn’t seem to fit into the NADM format,
including: Minerals for an entire rock unit rather than for
just a rock composition, Clast and Matrix chemistry infor-
mation for certain types of rocks such as conglomerates,
and information about planar features of the map units
such as bedding and foliation. The data model does pro-
vide ways to preserve the individuality and integrity of the
geologist’s interpretation and data, but it is complicated,
causing confusion about where certain data elements fit
into the data model.

INTRODUCTION

The U. S. Geological Survey Eastern Region Earth
Surfaces Processes Team (EESP) has created a geologic
map database based on bedrock and surficial geology
maps of the Washington DC Area. The team attempted to
convert its database into a format that conformed to the
North American Data Model for geologic map databases,
Version 4.3 (NADM). The NADM is part of an effort to
standardize methods and language for representing and
storing geologic geospatial data. More information about
the NADM can be found at the North American Data Model
Steering Committee’s web site, <http://geology.usgs.gov/dm>.

The EESP wanted to use a data model that would pre-
serve the integrity of its data. The team wanted to ensure
that the observations and interpretations of the field geolo-
gists would not be distorted by the method of digital data
representation and storage. The EESP felt that several
issues or concerns must be addressed when creating the
database. These include:

- Keeping the integrity of the geologists’ observations

and interpretations,

- Accounting for needs of prospective users,

- Ensuring that the data are easily extracted from the

storage format, and

- Ease of implementation.

In addition, geologists have expressed concern that a
standard data model can endanger the individuality of
geologist interpretations. This individuality may be lost
with the use of standard language and/or the standard for-
mat, and efforts must be made to preserve this individuali-
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ty while pursuing the communication benefits of a data
model standard.

This paper discusses how well the NADM addresses
these concerns, after discussing some specifics about an
attempt to place the EESP geologic map data into the
NADM. Conveying some of the issues and problems that
were encountered during the EESP’s application of the
NADM will hopefully provide some useful feedback that
can be incorporated into future iterations of the model.

METHODS

The EESP has constructed a geologic map database
for the Washington, DC Area. It currently contains geo-
logic data from three 30 X 60 minute quadrangles:
Frederick, Washington West, and Fredericksburg. The
tearn has taken attributes from the three quadrangle geo-
logic maps and incorporated them into a single database
using a process involving collaboration between field geol-
ogists and Geographic Information System (GIS) design
personnel.

Initially, the geologic map attribute data recorded by
EESP geologists for this area were entered into a spread-
sheet format that contained 46 columns for each map unit.
The fields were: <MAPUNIT>, <SURF_BED>,
<SURFTYPE>, <LITHPRI>, <LITHSEC>, <LITHTER>,
<FORM>, <MEMBER>, <GROUP>, <SUPERGROUP>,
<ROCKCLASS>, <AGE>, <GEOCHR>,
<GEOCHRTECH>, <GEOCHRREF>, <FOSSIL>,
<FOSSILTYPE>, <FOSSILREF>, <CORRELEXTR>,
<ORIGIN>, <RES>, <RESREF>, <COLOR>, <MINPRI>,
<MINSEC>, <MINOTH>, <CLASTPRI>,<CLASTSEC>,
<CEMENT>, <THICKAPPRX>, <THICKRANGE>,
<BEDTHIN>, <BEDMEDIUM>, <BEDTHICK>,
<CONTUP>, <CONTLOW>, <FOLPRI>, <FOLSEC>,
<FOLTER>, <CMPM>, <RMPM>, <RMRM>,
<DEFORMAGE>, <DEFORMTECH>, <DEFORMREF>,
and <COMMENTS>. Table 1 is an example of the first 7
fields of this spreadsheet.

These data were then normalized (i.e., number of
fields required to store the data reduced) where possible
and put into a format that is easier to convert to the
NADM. Please see Davis et al. (2001) to examine the
resulting MS Access database (dcdb_eesp.mdb) in detail.
Highlights of the format transformation include placing litho-
logical, mineralogical, planar feature, and clast information
into their own tables. Some data elements were not readily
normalized or split off as reference (“look-up”) tables.
These fields of data compose the table [CHARACTER],
shown in Table 2.

After the initial database design was complete, queries
were written to convert to the NADM format and new ref-
erence tables were created. The converted database was
stored as the file dcdb_dm.mdb (Davis et al., 2001).

Version 1.0 of the two databases (the Eastern Earth
Surface Processes Team and the NADM versions —
dcdb_eesp.mdb and dcdb_dm.mdb, respectively) were
evaluated by geologists of the Eastern Earth Surface
Processes Team through reviews for Davis et al. (2001)
and various informal discussions. These databases were
compared and the NADM was evaluated in terms of its
success in accommodating the data of the EESP.

RESULTS

In several ways, the NADM was difficult to imple-
ment. It is a complex model and does not seem to accom-
modate all of the data elements that are specific to the
EESP geologic maps. As a result, only approximately 50
per cent of the EESP data was placed into the NADM.
The following data elements were not placed into the
NADM:

- Primary, Secondary, and Other minerals of map units

- Clast and Matrix chemistry of rocks like conglomer-

ates or breccias

- The map units’ dominant and secondary planar fea-

tures

- Existence and reference for fossil information

Table 1. First 7 fields of the single table that initially held all of the data for the DC area geologic map

database.

MAPUNIT SURF_BED SURFTYPE LITHPRI LITHSEC  LITHTER  FORM

Qa Surficial Alluvium silt sand gravel

Qt Surficial terrace, lower sand gravel boulders

Qcf Surficial colluvium, fine quartz (milky) quartzite

Qc Surficial colluvium, coarse quartzite greenstone

Qr Surficial Residuum quartz (milky) clay

Ql Surficial lag gravel quartz (milky)

QTt Surficial terrace, high gravel boulders sand

Kp Surficial Coastal Plain gravel sand silt and clay ~ Potomac

Jd Bedrock diabase Diabase

Jdi Bedrock diabase low-titanium quartz normative diabase
Jdo Bedrock diabase olivine-normative diabase

Jdg Bedrock diabase late diabase cumulates

Jdh Bedrock diabase hi-titanium quartz normative diabase
Jde Bedrock diabase early diabase cumulates
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- Map Unit radiometric ages

- Appalachian physiographic province

- Origin (i.e., how the rock formed)

- The natural resource type of a map unit

- Character of the bedding within sedimentary units

- Appalachian deformational event

- Metamorphic minerals

- Metamorphic ages

These data were not placed in the standard format for a
variety of reasons. Either the place for them within the
model was difficult to determine, they were not accounted
for by the model, or some combination of these factors. In
some cases, entire tables would need to be added to the
NADM in order to accommodate the EESP data, because
appropriate tables do not currently exist. This is certainly an
anticipated part of the NADM evolution. In other cases,
new fields would need to be added to existing NADM
tables. Among the data that did go into the NADM, some of
it didn’t fit quite right and some of the NADM field specifi-
cations were modified. Some notes and further description
concerning the lack of fit of some of these data elements
are:

- Clast Information for map units, including clast and
matrix chemistry of rocks like conglomerates, did
not seem to have a place in the NADM. The table
CLASTS was created during the design process of
dcdb_eesp.mdb and is shown in Table 3.
Mineralogical information for the entire rock unit
was recorded by the EESP, rather than mineralogical
description given for individual rock compositions
within the unit. The NADM recognizes the miner-
alogical information associated with individual
lithologies in the table “Rock Composition” in the
field “mineralogy_desc”. An example of this table is
shown as Table 4. By contrast, the dcdb_eesp.mdb
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has its own mineralogical table, called “MINERALS”
to store mineralogical data associated with the whole
map unit. A sample from this table is displayed as
Table 5. This minerals table allows individual min-
erals to be stored as well as their rank (i.e., primary,
secondary, other) and type.

- AMETAMORPH table was created in
dcdb_eesp.mdb, because there isn’t one in the
NADM.

- The CHARACTER table (Table 2) contains these
fields that the NADM does not readily accommodate
or promote:

- Province — contains a value designating a
Physiographic Province

- Rock_grp — a rock classification custom tai-
lored to a recent field trip. These data were
placed into the lith_class field of the NADM
despite an imperfect fit

- Map_Unit — to connect to tables that were
added

- ORIGIN - contains information about the
manner in which the unit formed. The data
contained in this field was placed into the field
lith_form of the RockComposition table
despite an imperfect fit

- BEDDING - thin, thick, medium or a combi-
nation of these

- DEF_EVENT - Regional deformational or
orogenic event

- RESOURCE - the societal uses of a map unit

- RES_REF - reference for the societal uses

- FOSSIL - fossils present in the unit

- FOS_REF - reference(s) for the fossil informa-
tion,

As the EESP finds more uses for the dcdb_eesp.mdb

and its accompanying ArcView shape files containing the

Table 2. First 8 fields of the CHARACTER table of dcdb_eesp.mdb.

MAP_UNIT ROCK_CLASS PROVINCE ROCK_GRP PERIOD FOSSIL FOS_REF AGE_EXTRAP
Ctbh SEDCARB 5 LS Lower Cambrian  Trilobites
Ct SEDCARB 5 LS Lower Cambrian  Trilobites age uncertain
Ccep METSEDSILIC 4 Metasedimentary Lower Cambrian NR age uncertain
Ca METSEDSILIC 4 Metasedimentary Lower Cambrian  Skolithus, trilobite Walcott (1896)
Ch METSEDSILIC 4 Metasedimentary Lower Cambrian ~ Skolithus
Chs METSEDSILIC 4 Metasedimentary Lower Cambrian  Skolithus
Cwo METSEDSILIC 4 Metasedimentary Lower Cambrian NR age uncertain
Cwm METSEDSILIC 4 Metasedimentary Lower Cambrian NR age uncertain
Cwmgq METSEDSILIC 4 Metasedimentary Lower Cambrian NR age uncertain

Table 3. The CLASTS table of dcdb_eesp.mdb.

MAP_UNIT  CLAST_LITH CLAST_RANK CEMENT

Cf Limestone Primary calcium carbonate

Cfr Limestone Primary calcium carbonate

Cl meta-arenite Primary quartzofeldspathic matrix

Cl muscovite-biotite schist Secondary quartzofeldspathic matrix

Clc red jasper Secondary quartz

Cle vein quartz Primary quartz

Clo meta-arenite Primary quartzofeldspathic

Clo muscovite-biotite schist Secondary quartzofeldspathic

Cs metasedimentary rocks Primary quartzofeldspathic matrix
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Table 4. Some of the possible fields of the Rock_Composition table of the North American Data

Model standard for geologic map data, version 4.3

Coa_id Comp_seq Rock_name Lith_class
62 1 schist metamorphic
62 2 gneiss metamorphic

Lith_form Mineralogy_desc Color_desc
Dominantly quartz and Black and gray
biotite with garnet
porphyroblasts
Dominantly quartz, Black and gray

biotite. and hornblende

Table 5. The MINERALS table of dedb_eesp.mdb

MAP_UNIT MINERAL MIN_RANK MIN_TYPE
Ca clay Secondary

Ca quartz Primary

Car clay Secondary

Car quartz Primary

Ccbs calcite Secondary

Ccbs dolomite Primary

Ccbs quartz Other

Cep clay Secondary

Cep graphite Primary

spatial data, new methods of classifying the data will be
required, resulting in the need to add fields to the database.
For example, two applications have required that map
units be grouped according to Appalachian Physiographic
Province, so this data element was added into the database
as the field “Province”.

DISCUSSION AND CONCLUSIONS

During this process of attempting to fit EESP data into
the NADM, the NADM was evaluated with regard to
usability characteristics, including:

- Keeping the integrity of the geologists’ observations
and interpretations,

- Accounting for needs of prospective users,

- Ensuring that the data are easily extracted from the
storage format, and

- Ease of implementation.

The NADM provides options for preserving the
integrity of geologist observations by allowing the addition
of tables and fields where appropriate, but requires place-
ment of data into fields and tables whose names and posi-
tion in the data model are not intuitive to geologists. One
example of an unnecessary complexity that makes the
model less intuitive is the fact that lithologic data is sepa-
rated into “Rock Unit” data and “Rock Composition” data,

which are housed in different portions of the data model.
Of course, software tools eventually can be built to
“insulate” the geologist from the NADM, but these tools
are expensive to develop and not yet available.

The NADM does not account for many of the specific
needs of the EESP and its clients. Fields and tables had
to be added to the NADM in order to ensure that these
needs can be met. For example, clast chemistry in the
Leesburg conglomerate is important for landfill siting

considerations and clast chemistry doesn’t have a place in
the NADM. For another example, a field needed to be
added that described the resource potential of map units,
and the NADM table to which it should belong is uncer-
tain.

Extracting data from the database into user-friendly
formats is an issue for both of the databases
(dcdb_eesp.mdb and dedb_dm.mdb). In fact, it is a com-
mon issue that database designers face. Typically,
“queries” (or “views” depending on the database manage-
ment software) are written to put the data into a format
that geologists and others can work with. The amount of
query writing required is directly proportional to the com-
plexity of the data storage model, and is large for the
dcdb_dm.mdb (the NADM compliant version), but not
much larger than for the dedb_eesp.mdb database. One
example of this type of query is one that was written for
the dedb_eesp.mdb database (“output5”, see Table 6) to
combine province information with lithology and mineral-
ogy information. This query helped facilitate the commu-
nication of various geological processes and features
through a series of thematic maps. Queries such as these
provide custom snapshots of the data that are very impor-
tant to the usability of the database. Without these custom
views of the data, the EESP geologists have had trouble
understanding their own data and finding what they want
to know about map units.

Table 6. Some of the fields of [output5] - a query used for data retrieval.

MAP NAME NAME_ RANK PROVINCE
UNIT

Ca Antietam Formation 4
Cam  amphibolite Formation 2
Car Araby Formation 5
Ccbs  Big Spring Station Member 5
Ccf felsic metavolcanic rocks =~ Member 2
Ccg breccias greenstones Member 2
Cch Chopawamsic Formation 2
Cep carbonaceous phyllite Formation 4
Ccs Cash Smith Formation 4

ROCK_GRP PRIM_LITH

Metasedimentary metasandstone metasiltstone
Mafic amphibolite

Metasedimentary metasiltstone  sandy metasiltstone
LS dolomite

Metavolcanic

Metavolcanic

Metavolcanic metavolcanics

Metasedimentary carbonaceous phyllite
Metasedimentary shale
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The NADM is not easy to implement. Careful scruti-
ny coupled with trial and error are required to figure out
how data should be placed into this model. Removing the
legend and symbolization portions and dissolving the com-
pound object-singular object divide would help simplify
this standard, but might limit its potential.

The NADM is a very important standard that will help
geologists to communicate with other professionals in a
uniform way, but should be made easier to implement and
be further tested by potential users before it is adopted.
Despite its problems, the NADM is a tangible example of
a standard geologic map data model that can be improved

upon, and Version 4.3 of the NADM has been very useful
as a stimulus to discuss and explore data storage and rep-
resentation issues in the Geologic Mapping community.
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Selling Science to the American Public

By the Central Publications Group

U.S. Geological Survey
Box 25046, MS 902
Denver Federal Center
Denver, CO 80225-0046
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Fax: (303) 236-6287
e-mail: delane@usgs.gov

HOW THESE MAPS “SELL” SCIENCE

The Central Publications Group (part of the Geologic
Division, U.S. Geological Survey) has recently produced
several maps designed to appeal to a popular audience.
Two of these are geologic maps, one of the Grand Canyon
(Billingsley, 2000) and the other of the Colorado National
Monument (Scott and others, 2001), and a third is a map
showing locations of historical earthquakes in the popu-
lous northeastern United States (Wheeler and others,
2001a).

Because the publications group and some of the
authors anticipate that these maps will have an audience
beyond the technical sphere, they designed the map sheets
to include many photographs and artistic drawings that
supplement the scientific data. For example, the map
sheet for the Grand Canyon includes several drawings
from 19th-century USGS reports, giving an historical per-
spective to our science. The map sheet for the Colorado
National Monument includes visually prominent sections
on history and ecology, in addition to geology, that are
illustrated with drawings and photographs of wildlife and
petroglyphs, as well as of landforms. Both map sheets
also include all the conventional components of a geologic
map report: the map itself, a correlation diagram, cross
sections, and a complete technical description of the map
units.

The core information on the two geologic maps is
technical, the same information that would be supplied to a
scientific audience. The publications differ from conven-
tional geologic maps in that additional graphics were
included to increase their popular appeal. These maps will
be eye-catching additions to the publications sold by the
visitor centers at the Grand Canyon and the Colorado
National Monument. However, the map showing earth-
quake data from a period of more than 300 years for the
northeastern United States was specifically designed to

appeal to a nontechnical audience. The supplemental illus-
trations are photographs of earthquake damage from the
late 20th century and, most dramatically, images of news-
paper headlines from the mid-20th century and woodcuts
from the mid-18th century that recorded the earthquakes of
those eras. A quotation from a 1755 broadside, set as a
graphic in large type, appeals to the imagination in a way
that the basic data of scientific discourse may not: “See!
how poor Wretches from their Beds Affrightedly arise,
And to their clatt’ring Windows run, With Horror in their
Eyes!”

The earthquake map is supplemented by a fact sheet
(Wheeler and others, 2001b), and a press conference was
held upon the release of both of these publications (see the
press release at <http://www.usgs.gov/public/press/
public_affairs/press_releases/pr1445m.html >. Analysis of
server activity for the week following the press conference
showed 2,497 downloads of the PDF (Adobe Acrobat
Portable Document Format) file for the fact sheet and
35,463 downloads of the PDF file for the map sheet
(Eugene Ellis, written commun., 2001).

HOW THE MAPS WERE PRODUCED

The two geologic maps were first compiled on scale-
stable mylar film, digitized in ArcInfo (or digitized in
another program and converted to ArcInfo), and then
exported as ArcView shapefiles. The shapefiles were
imported into Adobe Illustrator 8.0 via the plug-in filter
MAPublisher, and the layout of the map sheets was com-
pleted in Adobe Illustrator (for a full description of this
production process, see Lane and others, 1999; for an
updated description of the process, see the Microsoft
PowerPoint presentation of the session at USGS
Publications 2000 conference entitled “Publishing maps
from GIS software—MAPublisher and Arcinfo” on
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Wednesday, May 10, 2000, available online at
<http://capp.water.usgs.gov/pub2000/>). The point symbols
on the maps were exported from ArcInfo as EPS
(Encapsulated PostScript) files. The topographic bases for
both maps were derived from DLG (Digital Line Graph)
files. Following the generation of the basic geologic map
components, a graphic artist added scanned photographs and
original art, and other design elements, working with the
images in Adobe Photoshop and Illustrator. The graphic
artist completed the final designs and layouts in Ilustrator.
For the earthquake map, the authors plotted the loca-
tions of earthquakes and imported them into Arclnfo.
They created the shaded-relief base map in ArcInfo from
USGS DEM’s (Digital Elevation Models) and exported it
as an EPS file. All our attempts to open this EPS file in
Illustrator were fruitless, the process taking 8 hours or
more without success. (In our experience, importing large
graphics files from ArcInfo and ArcView is often not feasi-
ble, possibly because of the way graphics are drawn in
those programs.) Therefore we rasterized the shaded-relief
base at high resolution (325 dpi) in Photoshop and then
imported it into the Ilustrator 8.0 layout, an approach that
we had previously found to be successful. A graphic artist
imported word-processing files into the Illustrator layout
and formatted the text there. The artist then added
scanned photographs, woodcuts, newspaper headlines, and
other design elements, also working with the images in
Photoshop and IHustrator, and completed the final design
and layout in Illustrator.
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INTRODUCTION

The Surficial Geologic Map of Central and Southern
New Jersey (Newell and others, 2000) consists of portions
of eight 1:100,000-scale quadrangles. This map was a
product of a cooperative agreement between the U.S.
Geological Survey (USGS) and the New Jersey Geological
Survey; the USGS did final compilation, editing, and pro-
duction. The authors began field work in 1984; their first
compilation was completed (using traditional ink-on-
greenline methods) and reviewed by 1996. The resulting
product is a model not only of a geomorphic system that
has responded to extreme climate changes, but also of
modern surficial processes, including the influence of
humans on the landscape.

After peer review, the editing and production of the
maps began in 1996. A decision was made to forego digitiz-
ing the map in ArcInfo and bridge the traditional-to-digital
cartography gap by employing digital graphic production
methods (such as Adobe Illustrator). Much of that deci-
sion was due to the state of the base-map materials and the
fact that current technology had far supplanted their use-
fulness. Map editing was done using the hand-colored
paper copies. Corrections were then made to the green-
lines.

There are 65 map units, two of which are shown only
in the cross sections. Linework consists solely of contacts,
scarps, and arrows showing sediment flow directions or
channels. Compared with a bedrock geologic map (which
may have contacts, folds, faults, structural data, and many
other features), one might think that the surficial counter-
part would be much simpler to produce. A closer look at

the maps, and some details about its production, reveal a
deeper complexity.

GEOLOGIC LINEWORK AND POLYGONS

The production tool of choice in the USGS Eastern
Publications Group is Adobe Illustrator (Al). Creating Al
files from the greenlines presented a challenge to the car-
tographers. First, a traditional cartographer scribed the
geologic contacts in order to get clean, smooth linework
with which to work. Film positives were made from the
scribecoats. The film positives were given to a contractor,
Geologic Data Systems (GDS) of Denver, Colo., to be
scanned. Raster images of the linework were then
autovectorized and edited to produce geologic unit poly-
gons.

The southern sheet was digitized and the polygons
were tagged with the geologic unit identifications by GDS
using AutoCAD. The data were exported as DXF files.
Using the MAPublisher filter, the files were opened in Al
whereby each unit was automatically placed in its own
layer; however, the DXF format had a limit of the number
of nodes that could be used to create a polygon, and
exceeding that number prevented the Al file from opening.
GDS modified the DXF files by decreasing the number of
nodes, but this step took several iterations to complete.

The central sheet also was digitized using AutoCAD
and tagged by GDS, but this time the data were exported
as ArcInfo SHAPE files. Again, using MAPublisher, the
files were opened in Al this time more easily than the
DXEF files, but all the units were in one layer. The units
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then were manually separated into their own layers. The
total number of polygons for both sheets is about 7,000.

BASE MAP

For the authors’ compilation, before digital mapping
technology had evolved, a photomosaic of the eight
1:100,000-scale quadrangles was produced. This mosaic
was simply one combination of drainage, topography, and
cultural features (roads, town and geographic feature
labels, and so on). This method of producing compilation
materials limited the options for a digital base map later in
the process.

Once production was underway, a separate mosaic of
the map’s drainage linework (from the eight quadrangles)
was produced. This mosaic was then scanned and digi-
tized by GDS using AutoCAD. This step was necessary in
order to ensure an accurate match to the geologic contacts
because, for many of the units, either open-water shore-
lines (rivers, ponds, oceans, and marshes) or single-line
drainages (creeks, some rivers) also acted as unit bound-
aries. After the geologic units were imported as described
above, black geologic contact lines had to be “hidden” by
the blue drainage lines. This task was accomplished in Al.
Separate mosaics of culture and topographic contours also
were produced and scanned.

COLOR

Geologic Unit Colors

Another cartographic challenge was choosing colors.
The traditional colors for Quaternary and Tertiary units on
U.S. Geological Survey maps are limited to yellows and
oranges. With 65 units and a wide variety of environments
to be represented, the colors shown here are a drastic
departure from tradition (see table 1).

The Quaternary sediments found throughout the map
needed to contrast with the Tertiary and Cretaceous units,
so they retained the traditional oranges and yellows. Dark
browns, grays, and a dark green (for cranberry bogs) were
used to show manmade units. The dune field deposits
(unit Qe) needed to stand out on their own, so they are the
only blue polygons on the map.

In the Piedmont, the authors wanted the very small
colluvial, alluvial, and terrace deposits to be visible against
the widespread residuum (unit Qsw). In addition, the dia-
base- and basalt-block colluvium, which were weathering
products of the Triassic basin rocks, needed to be empha-
sized so that the underlying bedrock trend could be
expressed. The entire Piedmont had to stand out clearly
from the Coastal Plain, and it had to be matched to the
unfinished northern sheet by Stone and others (in press);

as it turned out, the color choices made on the central
sheet eventually influenced many of the colors on the
adjoining northern sheet.

In the Coastal Plain, there were several issues. The
Pleistocene beach-barrier to lagoon units of the Cape May
Formation needed to contrast with the modern beach
deposits, so they were assigned a suite of bright green-
yellow tones. A distinction needed to be made between
freshwater-swamp and salt-marsh deposits, but both had to
be green. The Pleistocene colluvial units needed to con-
trast well with the Tertiary and Cretaceous units from
which they were derived. Lastly, the sinuous traces of
ancient river-channel bar forms developed on the
Bridgeton Formation needed a subtle representation; use of
a pattern resolved that problem.

Base-Map Colors

The drainage is shown in 100 percent cyan ink as is
typical of most USGS geologic maps. Because of the den-
sity of information, the underlying culture and topographic
layers needed to be readable only in the background of the
map. These two layers also had to be distinguished from
each other. The contouqrs are shown in 100 percent con-
tour brown (an ink used by the USGS on topographic
sheets). Usually, the base map on USGS geologic maps is
shown using a 50 percent biangle screened black, which
breaks up the image somewhat. For this set of maps, a
100 percent gray ink was used instead because the culture
was a raster image and screening it would have made it
illegible.

REVISIONS

Of course, no map is perfect the first time it is
proofed. Authors and editor reviewed many color plots
before and after the base-map information was added.
Three sets of problems needed resolution.

Because the digitizer at GDS was tagging polygons
using the authors’ hand-colored draft copy as a guide,
some polygons were, in the end, unidentifiable and were
tagged as such. Working with the authors, the cartograph-
er was able to resolve these errors.

As mentioned above, joining the geologic contacts
with the drainage required patient examination of many of
the units for accurate placement. For instance, the alluvial
units needed to be centered on the drainage. They also
had to “V”’ upstream according to the topography.

In addition, when the senior author finally saw his
map in a cleaner form, he observed that certain areas need-
ed to be “fine tuned” for a variety of reasons. These types
of adjustments were made in several areas on both sheets.
In addition, the central sheet needed to join accurately with
the northern sheet of Stone and others (in press).
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However, the Al files were now far removed from the
original DXF and SHAPE files. It is possible that, in the
future, the Al files will be exported through MAPublisher
to ArcInfo where they would become a useful part of a
larger database (for instance, the National Geologic Map
Database).

SUMMARY

If these maps had been produced using the traditional
scribecoats for linework and peelcoats for color separation,
modification to both linework and color after the first
proof would have been very difficult, time consuming, and
expensive. Adobe Illustrator gave the production team and
the authors a chance to easily adjust contacts and to modi-

fy the colors until the right combination was reached. The
resulting product visually presents the cumulative effects
of geomorphic processes that have affected the landscape
since the early Miocene (about 24 million years ago).
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APPENDIX A

List of Workshop Attendees

[Grouped by affiliation]

Alaska Division of Geologic and Geophysical Surveys

Lawrence Freeman

Arizona Geological Survey
Stephen Richard

Arkansas Geological Commission
Angela Braden

Jerry Clark

William Hanson

Daniel Smith

California Division of Mines and Geology
Dave Wagner

Colorado State University (National Park Service)
Steve Fryer

Delaware Geological Survey
William Schenck

Dynamic Graphics, Inc.
Skip Pack

University of California, Berkeley
George Brimhall

ERDAS
Darren Gabriel
Chris Ogier

ESRI
Mike Price
Artie Robinson

Geographical & Environmental Data Services, Inc.

Steve Bedsole

Geological Survey of Alabama
Sharon Alexander
Ruth Collier

Geological Survey of Alabama (continued)

Phillip Henderson
G. Daniel Irvin
April Lafferty
Robert Mink
Henry Moore
Jeff Natharius

Ed Osborne
Karen Richter
Nick Tew

Geological Survey of Canada
Eric Boisvert

Peter Davenport

Murray Journeay

Serge Paradis

Georgia Geological Survey
Mark Cocker

GE- Smallworld
Robert Laudati

GETECH, Inc.
Mark Odegard

Government of Quebec, Canada
Charles Roy

ldaho Geological Survey
Jane Freed
Loudon Stanford

Hlinois State Geological Survey
Dan Nelson

Curt Abert

Sheena Beaverson
Marie-France DuFour

Patrick Johnstone

Robert Krumm

Scott Medlin
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Indiana Geological Survey
Rick Hill
Paul Irwin

INRS-Georessources
Marco Boutin

Kansas Geological Survey
David Collins
Jorgina Ross

Kentucky Geological Survey
Matthew Crawford

Douglas Curl

Steven Martin

Jerry Weisenfluh

Louisiana Geological Survey
Richard McCulloh

Robert Paulsell

John Snead

Maryland Geological Survey
Liana Dunne

Missouri DNR/IDGLS
Edith Starbuck

Montana Bureau of Mines and Geology
Susan Smith

National Park Service
Tim Connors
Anne Poole

Natural Resources Canada
Vic Dohar

Dave Everett

Terry Houlahan

New Hampshire Geological Survey
Rick Chormann

New Jersey Geological Survey
Michael Girard
Ronald S. Pristas

New Mexico Bureau of Mines & Mineral Resources

Mark Mansell
David J. McCraw

Ohio Geological Survey
Thomas Berg
James McDonald
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Oklahoma Geological Survey
T. Wayne Furr

Oregon Department of Geology and Mineral Industries
Clark Niewendorp
Paul Staub

Penn State University | Geological Survey of Canada
Boyan Brodaric

Pennsylvania Geological Survey
Gary Fleeger

William Kochanov

Thomas Whitfield

South Carolina Geological Survey
Scott Howard

Techni Graphic Systems
Roger Fredericks
Scott Simmons

Tennessee Division of Geology
Elaine Foust

University of California, Santa Barbara | NCGIA
Jordan Hastings

University of Alabama
Doug Behm
Marty Gates

University of Kansas
Ross Black

University of New Orleans
Terry Pavlis

U.S. Geological Survey
Rick Bradford
Adam Davis
Martha Garcia
Bob Jachens
Elizabeth Koozmin
Diane Lane
Michele McRae
Randall Schumann
Peter Schweitzer
Dave Soller

Nancy Stamm
Ronald Wahl
Bruce Wardlaw
Van Williams
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Utah Geological Survey
Kent Brown

Virginia Division of Mineral Resources
Rick Berquist

Washington Department of Natural Resources
Charles Caruthers

West Virginia Geological Survey
Scott McColloch

Wisconsin Geological and Natural History Survey
Mindy James

Kathy Roushar

Kurt Zeiler
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