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PREFACE
The Geoscience Information Society (GSIS) was established in 1965 as an independent nonprofit professional
society. Members include librarians, information specialists and scientists concerned with all aspects of geoscience
information. GSIS has members across the United States and internationally.
GSIS is a member society of the American Geological Institute (AGI) and an associated society of the
Geological Society of America (GSA). The GSIS Annual Meeting is held in conjunction with that of GSA; the
papers, posters and Society forums are presented as part of the GSA meeting. Oral and poster presentations of the
papers in these proceedings were given at the GSA Annual Meeting in Denver, Colorado, Oct. 27-31 2002.
Abstracts of these papers can also be found in Abstracts with Programs- Geological Society of America, v. 34,
2002.
This proceedings volume is presented in three parts:
I.
Papers and abstracts from the GSA Topical Session T44, "New Heights in Geoscience Information:
Access and Technology"
II.
Papers and abstracts from the GSA poster session on geoscience information
III.
Geoscience Information Society forum reports
IV.
GSIS Annual Field Trip Guidebook
The papers are arranged in these proceedings in the order in which they were presented at the Meeting. The authors
are solely responsible for the opinions and ideas expressed herein. The editor has made minor formatting,
grammatical and spelling corrections.
My thanks to the authors for their hard work, creativity and insightful observations. Thanks go to all of the
presenters, the session chairs and organizers of the Meeting, and to Joanne Lerud, who co-chaired the Topical
Session. In addition, all of the GSIS members who worked to make this Meeting a success deserve special thanks.
Lisa G. Dunn
GSIS President, 2002-2003

PART I. GSA TOPICAL SESSION T44
NEW HEIGHTS IN GEOSCIENCE INFORMATION:
ACCESS AND TECHNOLOGY
Co-convenors:
Lisa G. Dunn and Joanne V. Lerud
October 28 2002, Denver CO USA

Colorado Front Range of the Rocky Mountains, used with permission,© B. Batterman.
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INTRODUCTION
Lisa G. Dunn
Arthur Lakes Library
Colorado School of Mines
Golden CO 80401-0029
ldunn@rnines.edu

The theme, ''New Heights in Geoscience
Information: Access and Technology," was selected
for our GSA Topical Session because new
technologies and changes in information-seeking
behavior have a powerful influence over how we
manage geoscience information. The session focused
on innovations in accessibility, creative applications
of technology, and information's impact on the
geoscience community.
Geoscience information is at a "new height":
accessible as never before with the developments of
technology and use of the World Wide Web.
Publishers and authors are exploring new distribution
methods for their products and new formats to
communicate ideas. At the same time, we face an
information overload that makes it increasingly
difficult to fmd the peaks of relevant data within all
the noise of the entire body of geoscience literature.
We stand in danger of losing access to our
cumulative heritage of geoscience information as
print collections decay or lie hidden from
technology's view and electronic resources disappear
without archiving. In response to this changing
environment the geoscience community is creating,
using, and managing information in new ways.
Libraries are shifting resources, evaluating
preservation methods, and addressing the need for

new forms of access and metadata. Assistance and
instruction in using information is evolving as well.
This session provides an opportunity for speakers to
discuss their projects in these areas to maintain the
heights of geoscience information access.
As a librarian I tend to focus on the practicalities
of information management- how to make
information accessible to the people who need it.
Five years ago I could look at the changes in the
geoscience information arena and think, "What an
exciting time to be involved in this." Today, that
sense of excitement is still present, and in fact has
grown tremendously. We can marvel at some of the
directions that evolving publication practices, new
technology and the users of geoscience information
themselves have led us. And not just stand and
marvel- we can help shape policy, standards and
best practices; we can implement innovative
technologies; we can create new collections and
provide access at a level only dreamt of a decade ago.
At the 2002 GSA Topical Session sponsored by
the Geoscience Information Society we heard from a
diverse group of speakers on geoscience information,
ranging from the creation of digital data, through
access and preservation, to how people use this
information. The papers in this proceedings volume
are the result.
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WHAT GEOSCIENTISTS CITE: A COMPARATIVE SURVEY
Linda R. Musser
Fletcher L. Byrom Earth & Mineral Sciences Library
Pennsylvania State University
105 Deike Building
University Park PA 16802
Lrm4@psu.edu

Abstract- In the course of a citation study of USGS publications (Butkovich and Musser, 1993) it was noted that
certain types of references such as personal communications and unpublished materials were not included in the
bibliography but rather in the text, thus complicating the process of citation analysis. This paper investigates the
phenomenon further and compares the citation styles used by geoscientists with styles used in other disciplines.
Results indicate that geoscientific styles differ from those of many other disciplines resulting in a devaluation of
unpublished materials within the geoscience community.

THE PURPOSE OF CITATION
In general, citations are used to provide
documentation or support for specific statements.
Citations tie current research with discoveries of the
past and support replication of work. Other reasons
for citation include giving credit to previous
researchers, substantiating claims, criticizing or
correcting previous work, providing background
reading and context, and providing leads to poorly
disseminated work (Garfield, 1983, p. 548).
Citations not only link related works, they also
provide insight into what resources researchers use
and which are used most heavily. These additional
ways in which citations are used are significant.
Citation to a particular author' s work is a factor in
assigning prestige and is frequently used in
evaluating researchers for awards or other accolades.
Librarians use citation information about specific
journal titles to inform acquisition and retention
decisions and assign value. An example of a value
assignment is the journal Impact Factor (lSI, 2003), a
calculated figure indicating the relative impact of a
particular journal on that field. Librarians use
citation studies to determine the formats and ages of
materials used by researchers, from which the results
are used to inform collecting and preservation
decisions. It is an underlying assumption of most
citation analyses that the references from the
bibliographies of works analyzed are generally
complete. If this assumption is incorrect, then the
results of these citation analyses and the actions taken
thereupon are called into question.
While there have been many citation studies of
the geoscience literature, many of them do not

analyze the format of the references cited. Nine
studies were found that reported on the formats of the
references cited based upon references in the
bibliography (Butkovich, Gomez and Baker, 1992;
Butkovich and Musser, 1993; Craig, 1969; Gross and
Woodford, 1931 ; Kapor, 19 84; Laosunthara, 19 56;
Lifshin, 1993; Thuronyi and Rigby, 1966; Walcott,
1991). These studies consistently measured citation
to personal communications and other unpublished
materials at approximately one percent. In contrast,
Butkovich and Musser found that, when the
references in the text were included in the analysis,
usage of these formats was measured at eight percent.
While that study may not be definitive, it implies that
citation styles can have a significant impact.
In that 1993 study ofUSGS publications,
Butkovich and Musser found that references to
personal communications, unpublished data, and
primary sources such as specimens and manuscripts
were omitted from bibliographies and mentioned
only in the text of the works. Why was this so?
Clearly, the authors of these publications were
following the citation style as outlined in the
Suggestions to Authors of Reports of the United
States Geological Survey. But why would the style
guide authors recommend this? Could it be that the
community of researchers is assumed to be so small
that everyone knows everyone else and where things
are, thus obviating the need for citation? Is it a case
of the implicit citation where, for example, a paper
about the bones ofT. Rex 'Sue' includes no reference
to the specimen itself, or the obliteration
phenomenon, whereby a collection or person has
become so well known that no one bothers to cite it
in the bibliography any longer (e.g., Wegner's theory
of continental drift)?

6

THE IDSTORY OF CITATION AND THE
EMERGENCE OF STYLE MANUALS
The answers to these questions may lie in the history
of citation itself. Science in the eighteenth century
was largely based upon personal communication and
references were made to the person rather than the
work. The citation emerged as part of the
organization of science in the nineteenth century and
while references appeared in the literature they were
frequently undated (Leydesdorff, 1998). This
remained the norm until the twentieth century when
the number of references per paper took off and a
standard system of citation began to appear.
Style manuals were an attempt to standardize
practice among researchers and to establish norms for
disciplines whose literature had grown large enough
that norms were desired. At the beginning of the
twentieth century there were a mere handful of style
manuals in existence. The USGS published its first
style guide in 1909. By the end of the century there
would be over 1000 style manuals in existence.
In order to determine whether the practice of not
citing personal communications and other
unpublished materials (including primary sources) is
universal across disciplines, style guides from many
disciplines were compared as to their guidelines for
these materials. The fmdings are presented in
Table 1.

DISCUSSION
There is a high degree of uniformity in the
citation styles for these materials in geoscience style
manuals. Consistently, geoscience authors are
instructed to omit from the bibliography any
references to personal communications and
unpublished materials. In comparison, guides to
other scientific disciplines differ from the
geosciences by encouraging citation to unpublished
materials, with most recommending citation of
personal communications. The arts and humanities
and general style manuals differ more consistently
from the geoscientific style by recommending
citation of both personal communications and
unpublished materials. No other discipline
consistently replicated the geoscientific style of not
citing personal communications and unpublished
materials. Why should this by so?
.To some extent, this can be traced to the history
of c1tat1on Itself, which began as circles of
correspondence, grew to references to colleagues
before finally evolving into references to particular
works. The omission of references to unpublished

GSIS Proceedings 2002

Musser

materials such as specimens or collections may be
viewed in part as a kind of implicit citation, where
the author assumes the reader knows about a person
or collection, its location and other particulars, as was
frequently the case among pre-twentieth century
geoscientists.
A stronger reason for this phenomenon emerged,
however, from the examination of the geoscience
style guides. These guides made a point of indicating
that, if materials were not 'conveniently available'
(U.S. Geological Survey, 1958, p. 106), then they
should not be cited in the bibliography. There seems
to be a sense that, as a courtesy to colleagues,
resources that are inaccessible or irreplicable should
not appear in the bibliography, a sentiment that was
echoed in some other disciplines as well.
There are signs of change in the geoscientific
community, however. The editors of the Geological
Society of America Bulletin now encourage authors
to cite proprietary data even though it is potentially
inaccessible (Geological Society of America, 2002, p.
6). The World Data Center for Paleoclimatology
provides a suggested format for citing unpublished
WDC data and strongly encourages its use (WDC
2002).
'
Why is change necessary? Beyond the fact that
the geosciences are out of step with the rest of the
scholarly community, the omission of citations to
unpublished materials serves to de-value their
importance to the geoscientific community, a fact
alluded to in the 2002 NRC report on the preservation
of geoscience data and collections (National
Research Council, 2002, p. 67). Without citation,
assessments regarding the value of particular
unpublished materials such as specimens and
collections are made more difficult. The Ocean
Drilling Program (and its predecessor Deep Sea
Drilling Project) provides a good case in point. The
ODP is a government funded program that collects
rock cores from the ocean floor. In 2002 an ODP
citation database was created in an attempt to
doc~ent the uses of ODP data in order to justify
contlnued funding and support (ODP, 2002). This
was necessary because there existed no tradition in
the geoscientific community for giving credit and
acknowledging the value via citation of unpublished
material, in this case cores.
In conclusion, this examination of style manuals
confirms that the standard citation styles used by
geoscientists are inconsistent with those of other
disciplines. Lack of citation to personal
communications and other unpublished materials
misleads scholars new to the field, historians of
science, and others interested in the preservation of
the research resources of the geosciences. It makes it
harder to replicate work and trace influence. Finally,
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lack of citation has led to a devaluation of these
resources and threatens their very existence.
Geoscientists must join the twentieth century (not to
mention the twenty-first!) and acknowledge, via
citation, their reliance on unpublished materials in
their research.

REFERENCES
Butkovich, Nancy J., Gomez, Joni, and Baker, Vicki,
1992, Formats of cited references in geological
journal literature, 1965-1985: Collection
Management, v. 16, no. 2, p. 61-73.
Butkovich, Nancy J., and Musser, Linda R. , 1993,
Analysis of references cited in U .S. Geological
Survey Bulletins, Circulars, and Professional
Papers, in Proceedings of the Geoscience
Information Society, v. 24, p. 167-171.
Craig, J. E. G., Jr., 1969, Characteristics of use of the
geology literature: College and Research
Libraries, v. 30, no. 3, p. 230-236.
Garfield, Eugene, and Weinstock, Melvin, 1983,
Citation indexes: Essays of an Information
Scientist, v. 6, p. 548-572.
Geological Society of America Bulletin, 2002,
Guidelines for authors of manuscripts:
http://www.geosociety.org/pubs/0208bulguid.
pdf.
Gross, P. L. K., and Woodford, A . 0 ., 1931, Serial
literature used by American geologists: Science,
v. 73, no. 1903, p. 660-664.
lSI, 2003, The impact factor: http://www.isinet.com/
isilhot/essays/journalcitationreports/7 .htrnl.
Kapor, S. K., 1984, Citation analysis of earth science
literature: Annals of Library Science and
Documentation, v. 31 , no. 1-2, p. 56-62.

Laosunthara, Maria, 1956, Some bibliographical
characteristics of serial literature in the field of
geology [Ed.D. dissertation]: Bloomington,
Indiana University.
Leydesdorff, Loet, 1998, Theories of citation? :
Scientometrics, v. 43, no. 1, p. 5-25.
Lifshin, Arthur, 1993, Citation analysis of
Geochimica et Cosmochimica Acta, 1951-1960:
Journal of the American Society for Information
Science, v. 44, no. 6, p. 322-326.
National Research Council Committee on the
Preservation of Geoscience Data and
Collections, 2002, Geoscience Data and
Collections: National Resources in Peril:
Washington, DC, National Research Council,
107 p.
Ocean Drilling Program, DSDP and ODP citation
database: http://www-odp.tamu.edu/
publications/cite/, accessed 24 October 2002.
Thuronyi, Geza, and Rigby, Malcolm, 1966,
Qualitative-quantitative evaluation of
geophysical serials: Alexandria, VA, NTIS, PB
173-082 and PB 173-083 .
United States Geological Survey, 1958, Suggestions
to authors of the reports of the United States
Geological Survey, 5th ed.: Washington, DC,
GPO, 255 p .
Walcott, Rosalind, 1991, Characteristic of citations in
geoscience doctoral dissertations accepted at
United States academic institutions, 1981 - 1985
[PhD dissertation]: New York, Columbia
University.
World Data Center for Paleoclimatology, 2000, Data
citations: http://www .ngdc.noaa. gov/paleo/
citation.htrnl, accessed 10 February 2003 .

Table 1: Style manual recommendations for unpublished materials such as personal communications, specimens,
and data. (Style manuals that did not discuss how to treat unpublished materials were omitted from this table.)
Title

Discipline

Cite in
bibliography?

Notes

GENERAL STYLE MANUALS
Chicago Manual of Style. 14th ed. Chicago:
University of Chicago Press, 1993.

General

Yes

A Manual for Writers of Term Papers, Theses and
Dissertations. 6th ed. I Kate Turabian. Chicago:
University of Chicago Press, 1996.

General

Yes

Oxford Guide to Style. I R. M. Ritter. New York:
Oxford University Press, 2002.

General

Yes

Gives instructions on how to cite personal
communications, manuscripts and other
materials in collections, including nonprint sources.
Gives instructions on how to cite
unpublished materials such as speeches,
letters and performances.
"Actual works of art are normally not
included in .... a reference list." o.212
Describes how to cite manuscripts and
other documentary sources such as
unpublished materials and personal
communications.
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American National Standard for Bibliographic
References. ANSI Z39.29 New York: American
National Standards Institute, 1977.

General

Yes

Information and Documentation - Bibliographic
References- Content, Form and Structure. ISO
Standard 690. 2"d ed. International Organization
for Standardization, 1987.

General

NIA

Geosciences

No

Guide to Authors- A Guide for the Preparation of
Geological Maps and Reports. Rev. ed. Ottawa:
Geological Survey of Canada, 1980.

Geosciences

No

A Writing Guide for Petrological (and Other
Geological) Manuscripts. I T. Neil Irvine and
Douglas Rumble III. Supplement to the Journal
of Petrology. New York: Oxford University Press,
1992.
Geowriting. 5th ed. Alexandria, VA: American
Geological Institute, 1995.

Geosciences

---------

Geosciences

unclear

Style Sheet for the Scientific Serial Publications
of the American Museum ofNatural History. 2nd
ed. I Ruth Tyler. New York: American Museum
ofNatural History, 1953 .

Geoscience
(Museum)

-----------

Style Manual: Scientific Serial Publications for
the American Museum ofNatural History. 3'd ed.
I Brenda Jones. New York: American Museum of
Natural History, 1988.

Geoscience
(Museum)

No

GEOSCIENCES
Suggestions to Authors of the Reports of the
United States Geological Survey. 71h ed.
Washington, DC: GPO, 1991.

OTHER DISCIPLINES
Arizona State Museum Style Guide. 2"d ed. I
Carol A. Gifford and Carol Ann Heathington.
Tucson, AZ : Arizona State Museum, 1989.

Guide to Citing Primary Resource Materials.
Franklin D. Roosevelt Presidential Library and
Museum.
http://www.fdrlibrary.marist.edu/citing.htrnl
Accessed 10 February 2003.

Anthropology
(Museum)

No.

Archives

Yes.

Musser

Describes how to cite unpublished works
such as letters, and works of art.
Personal communications are excluded
from the scope of this standard unless they
are in a 'finite recoverable form'.
Does not apply to manuscripts or other
unpublished material.

First instructions referring to unpublished
data appeared in the sth ed., 1958.
"All reports listed as references must be
reasonably available to the public.
Unavailable reports should not be cited."
__2_.234
"Only material that has been published
.•. should be cited in the reference list."
p.17
"Unpublished material or personal
communications should be identified as
such in the text. .. but are not to be included
in the reference list." p.l7
Nothing mentioned.

States that the list of references should
include "information that will enable a
person to locate the reference if it is
unpublished." p.J9
No specific mention of references to
unpublished materials.
The introduction should "include the
acknowledgments ... for specimens
borrowed ... ''..£: 12
"It is strongly suggested that authors do not
list unpublished material in the References
unless they can specify where that material
can be located. Letters, unpublished
information, and other forms of personal
communication are best cited in the text
only. "_IJ.23-4

"Do not cite anything that is not available to
the reader .. ." p. 19
"Reference to use of specimens should be
included in the introduction.
"Personal communication references are
never used." p.20
Describes how to cite primary resource
materials such as letters and photographs.
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A Short Guide to Writing About Art. 5'h ed. I
Sylvan Barnet. New York: Longman, 1997.

Art

Yes

Scientific Style and Format: The CBE [Council of
Biology Editors] Manual for Authors, Editors, and
Publishers. 6'h ed. New York: Cambridge
University Press, 1994.

Biology

Yes

Guidelines for the Preparation of Botanical
Taxonomic Papers. I Hj. Eichler. Melbourne,
Australia: Commonwealth Scientific and
Industrial Research Organization, 1977.
ACS Style Guide. 2na ed. Washington, DC :
American Chemical Society, 1997.
The SBL [Society of Biblical Literature]
Handbook of Style: for Ancient Near Eastern,
Biblical, and Early Christian Studies. Peabody,
MA: Hendrickson, 1999.
MLA Handbook for Writers of Research Papers.
4'h ed . New York: Modem Language Association
of America, 1995 .
The Bluebook: A Uniform System of Citation.
I7'h ed. Cambridge, MA: Harvard Law Review
Association, 2000.
American Medical Association Manual of Style.
9'h ed. Baltimore: Williams and Wilkins, 1998.

Botany

Yes/No

Chemistry

Yes

Classics

Yes

Describes how to cite primary source
materials.

Languages

Yes

Describes how to cite objects and personal
communications.

Law

Yes

Medicine

Yes/No

National Library of Medicine Recommended
Formats for Bibliographic Citations. I Karen
Patrias. Bethesda, MD: National Library of
Medicine, 1991.

Medicine

Yes

Describes how to cite unpublished materials
such as interviews, letters, and non-print
resources.
Shows how to cite unpublished materials.
"Do not include personal communications in
the list of references." p.46
Gives examples of how to cite personal
communications.
"Some communications may be best handled
in the text or as footnotes ." p. 87

AlP Style Manual. 4'h ed. Melville, NY:
American Institute of Physics, 1990.

Physics

Yes

The Political Science Student Writer's Manual. I
Gregory M. Scott. Englewood Cliffs, NJ:
Prentice Hall, 1995 .
Style Manual for Political Science. Rev. ed.
Washington, DC: American Political Science
Association, 200 I.
Publication Manual of the American
Psychological Association. 51h ed. Washington,
DC: American Psychological Association, 2001 .

Political
Science

Yes

Political
Science

No

Personal communications "are usually best
indicated in the text or a note" p.26

Psychology

Yes/No

Science

Yes

Provides examples of how to cite
unpublished works but recommends that
personal communications be cited in the text
only.
"Because they do not provide recoverable
data, personal communications are not
included in the reference list." p.214
States that references to unpublished
materials, including personal
communications, should be made only when
strictly necessary.

American National Standard for the Preparation
of Scientific Papers for Written or Oral
Presentation. ANSI 239 .16-1979. New York:
American National Standards Institute, 1979.

Describes how to cite primary sources such
as specific works of art as well as personal
communications. Gives specific
instructions on how to cite illustrations in
captions, including location of original
works.
Describes how to cite personal
communications.
Upcoming 7'h ed. contains examples of
citing Internet communications such as
email, chats, and real-time communication.
List specimens examined in the references.
"Personal communications may be referred
to in the text but should not be included in
the list of references." p.l4
Describes how to cite unpublished materials.

Provides examples of references to personal
communications and other unpublished
works.
Provides examples of references to
unpublished sources including interviews.
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"Publications based on ICPSR data
collections should acknowledge those
sources by means of bibliographic citations."
"Data producers, funding agencies, and
others can track citations to specific
collections to determine types and levels of
usage."
Describes how to cite unpublished work.

Citing Electronic Data Files. Inter-University
Consortium for Political and Social Research.
http:/lwww.icpsr.umich .edu/ORGicitation.html
Accessed 10 February 2003 .

Social
Sciences

Yes

A Short Guide to Writing About Social Science.
41h ed. I Lee Cuba. New York: Longman, 2002.
Suggested Citation Styles for Our Internet
Information. U.S. Census Bureau, 200 I.
http:llwww.census.govlmain/wwwlcitation.html
Accessed 10 February 2003 .
The Sociology Student Writer's Manual. 3'd ed. I
William A. Johnson. Upper Saddle River, NJ:
Prentice Hall, 2002.

Social
Sciences
Social
Sciences

Yes
Yes

Describes how to cite personal email and
data.

Sociology

Yes
(optional)

Describes how to cite sources from
interviews and materials in archives.
References to unpublished sources such as
personal communications are optional.
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GEOSCIENCE DATA AND COLLECTIONS PRESERVATION:
WHAT CAN THE PROFESSIONAL COMMUNITY DO NOW?
Christopher G. Maples
Department of Geological Sciences
Indiana University
Bloomington IN 47405
cmaples@indiana.edu
Paul Cutler
National Research Council
Washington DC 20001
Tamara Dickenson
National Research Council
Washington DC 20001

Abstract- Geoscience data and collections, defmed as physical items (e.g., cores, cuttings, fossils, and other nondigital items), form the basis of geoscience research. As such, one would assume that they are treated with care and
preserved in ways that allow free, easy, and searchable access. However, with changing emphasis in industry,
government, and academic research, along with mergers, lay-offs, and retirements, geoscience data and collections
are at risk of being lost. Indeed, many already have been lost, at potentially great cost both in terms of investment
dollars and intellectual capital.
The recently released NRC report entitled Geoscience Data and Collections: National Resources in Peril
provides a series of recommendations to stop Joss of geoscience data and collections, and to provide adequate
support for them in the future. Foremost among these recommendations is the call for establishing three regional
geoscience data and collections centers immediately, with others to follow as needed. Other recommendations will
cost virtually nothing, but still will require a focused community effort and commitment on the parts of our
professional societies. The geoscience community at large, through its professional societies and organizations, can
implement immediately two such efforts: awards and citations.
Professional societies (GSA, AGU, AAPG, SEPM, and others) should emphasize the importance of geoscience
data and collections by providing recognition for those who maintain geoscience data and collections at major
disciplinary meetings or other such venues. Professional societies also can lead the charge for appropriate citations
of geoscience data and collections use within their own professional publications. Currently, such notations occur
most often in acknowledgments, if at all. The professional community should implement a standard format for
bibliographic citation of geoscience data and collections used in the course of research. Something this simple and
straightforward will result in dramatically enhanced recognition of these data and collections, in addition to raising
the level of awareness of how often they are used (similar to various citations indices currently in use).
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DEVELOPMENT AND IMPLICATION OF NEW TECHNOLOGIES FOR TEACHING
FIELD GEOLOGY
William E. Hutchinson
Department of Earth, Atmospheric, and Planetary Sciences
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hutch@rnit.edu
Christopher E. Carr
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and Technology
Massachusetts Institute of Technology
77 Massachusetts Ave.
Cambridge MA 02139
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Massachusetts Institute of Technology
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Massachusetts Institute of Technology
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HongLinh Q. Nguyen
Department of Electrical Engineering and
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Daniel D. Sheehan
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Massachusetts Institute of Technology
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Drew Woodbury
Department of Mechanical Engineering
Massachusetts Institute of Technology
77 Massachusetts Ave.
Cambridge MA 02139
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Department of Earth, Atmospheric, and
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Abstract- A multi-disciplinary team from MIT has come together in the past year to develop an integrated smallscale, wireless geologic mapping system for use in field geology classes that will enhance university-level fieldwork
education by focusing more on the scientific aspects of the learning process while mitigating the administrative tasks
that tend to protract and detract from the experience.
The digital field geology (DFG) system will improve the entire field geology mapping process from "field-topublish" by integrating state-of-art technologies and, where necessary, developing both hardware and software
enhancements. The DFG system will be easy-to-use, perform automated wireless functions that closely emulate and
complement the traditional field work methods, provide simple software "smart" tools for use in the field that will
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aid those processes, and, finally, expedite and facilitate the translation of the field data to a digitized map. In
addition, this system will be designed to appeal to and would be appropriate for a diverse, non-geologic student
population.
Current educational digital field systems are limited by their technological state-of-art and their particular
methods of implementation. As an improved alternative, the DFG system will incorporate hardware and software
advances such as wireless, hand-held devices (e.g. PDAs), voice input, lightweight screens, and networks links to
access more powerful computers remotely. What is innovative about the DFG system and its distinctive technical
achievement is its integration of the latest technologies within a distributed-type architectural design and, in
combination, these technological advances will greatly enhance the traditional field mapping process at the
university level.
We have already conducted an initial test of the DFG system during our January 2002 field camp (see Niemi
and others, 2002). While the results of this test were generally favorable, we still have much more work to do. Our
focus in advance of next January's field camp will be to improve, develop, or investigate the following: 1) better
screen displays; 2) voice recognition software; 3) wireless transfer; 4) more user-friendly software interfaces; and 5)
a digital geologists' compass.

A multi-disciplinary team from MIT has come
together in the past year to develop an integrated
small-scale, wireless geologic mapping system for
use in field geology classes that will enhance
university-level fieldwork education by focusing
more on the scientific aspects of the learning process
while mitigating the administrative tasks that tend to
protract and detract from the experience.
The digital field geology (DFG) system will
improve the entire field geology mapping process
from "field-to-publish" by integrating state-of-art
technologies and, where necessary, developing both
hardware and software enhancements. The DFG
system will be easy-to-use, perform automated
wireless functions that closely emulate and
complement the traditional field work methods,
provide simple software "smart" tools for use in the
field that will aid those processes, and, finally,
expedite and facilitate the translation of the field data
to a digitized map. In addition, this system will be
designed to appeal to and would be appropriate for a
diverse, non-geologic student population.
Current educational digital field systems are
limited by their technological state-of-art and their
particular methods of implementation. As an
improved alternative, the DFG system will
incorporate hardware and software advances such as
wireless, hand-held devices (e.g. PDAs), voice input,
lightweight screens, and networks links to access
more powerful computers remotely. What is
innovative about the DFG system and its distinctive
technical achievement is its integration of the latest
technologies within a distributed-type architectural
design and, in combination, these technological
advances will greatly enhance the traditional field
mapping process at the university level.

The DFG system's architecture (see Fig. 1) is a
distributed design in which large-scale data
processing and storage functions will be assigned to a
local "server" (perhaps a laptop worn in a backpack).
This server will communicate via 802.11 or
Bluetooth protocols with wireless tools carried by the
field geologist or with a "remote unit", perhaps kept
at a base camp. Wireless tools would include 1) a
handheld, digital "notebook" which would be used to
record numerous types of field data, as well as for the
display of topographic maps, text, and pictures
(currently, a Compaq IPAQ); 2) an electronic
geologists' compass, for digitally recording
orientation data (built by the DFG team); and 3) a
wirelessly connected digital camera for linking field
photos with map locations.
Another important capability of the DFG system
is its ability to translate voice recordings in real-time
to their textual counterparts. A student simply speaks
into the IP AQ which, in turn, transmits the associated
audio file wirelessly to the laptop server where voice
recognition software transcribes it and sends the
corresponding text file back to the IP AQ for the
student observer to review. This technique also saves
space on the IP AQ by replacing the much larger
audio file with its size-reduced textual equivalent.
Additional advantages of the DFG's wireless
architecture are its inherently greater robustness (if a
wireless link is broken, a student can still use the
various field tools, albeit the observations must be
recorded manually), its automated file backup
process, and the fact that the number of associated
wireless instruments is not necessarily limited.
We have already conducted an initial test of the
DFG system during our January 2002 field camp (see
Niemi et al., this volume). While the results of this
test were generally favorable, we still have much
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more work to do. Our focus in advance of next
January's field camp will be to improve, develop, or
investigate the following: 1) better screen displays; 2)
improved voice recognition capability; 3) long-range
wireless transfer; 4) more user-friendly software
interfaces; and 5) an enhanced digital geologists'

compass. We have developed a website
(http://web.mit.edu/dtfg/www/index.htrnl) that more
completely describes the DFG system and our
progress to date.

Wireless Digital

Wireless Digital
Compass

Camera

/

Laser Range Finder

GPS

GPS

Digital Notebook
(IPAQ with Arc Pad)

Digital Notebook
(IPAQ with ArcPad)

-----.~

..,.01(1---:1~~

BluetoothWireless
802.11 Wireless

Ruggedized Laptop
(in backpack)

Figure 1. DFG Wireless System Architecture.
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ACCESSING AND PRESERVING FIELD MAPS AND NOTEBOOKS: THE STANFORD
GEOLOGICAL SURVEY MAP AND FIELD NOTEBOOK ACCESS PROJECT
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Abstract- The goal of the Stanford Geological Survey (SGS) Map and Field Notebook Access Project is to make all
of the work done by the SGS during the 100 years of its existence available to anyone who might find it useful. The
unorganized piles of maps and notebooks were arranged by year and then correlated together by the author, field
season, and survey area. Permission to digitize and make available the items over the Internet was sought from each
author. The few existing catalog records were updated and standardized. Cataloging templates, scanning standards,
and metadata elements were set. Scanning of selected maps and notebooks from each geographic area and field
season has begun in earnest, using a wide feed-through scanner, book scanners, or an overhead digital camera. Luna
Insight software was chosen to provide access to the scanned map images. Notebook display is still being
investigated. Access to the Web images as well as to the original documents will be available via the catalog
records. Complete documentation for all items via a detailed spreadsheet will remain available at Branner Library.

INTRODUCTION AND BACKGROUND
For over 100 years, students and geology faculty of
Stanford University mapped areas of California,
Nevada, Utah, and Baja California. The earliest
items, three hand-drawn maps from 1895, all detail
the area around the Stanford campus. A field
notebook from 1901 has an embossed cover with the
words, "Stanford University Geological Survey."
Officially, the Stanford Geological Survey (SGS)
started in 1903 and the summer field camps
continued until1995, during which nearly 12,000
students participated (Fig. 1).
Collection History

During its history, the Survey created a wealth of
information that was difficult to find at best and

unattainable at worst because of its lack of cataloging
and availability. Records had been kept about the
general areas that were mapped, but no
comprehensive list had ever been made showing the
exact areas covered by the Survey. The output of the
Survey includes topographic and geologic maps;
columnar sections and cross sections; field reports
and field notebooks (Fig. 2). In the mid 1980's an
SGS alumnus, retired USGS geologist Ward Smith,
volunteered to put the notebooks and maps in order
and make a brief index of the materials.
Unfortunately, just as he was finishing his work in
1989, the area was struck by the Lorna Prieta
earthquake. Materials in the fourth floor attic space
of the geology building were thrown about mightily;
the space was too badly damaged to allow access for
some months, while rain seeped in on parts of the
collection.
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Figure 1. Summer field camp 1919 in the Santa Cruz Mountains. Notice the woman in white sitting at the center of
the table.

At that time the decision was made to move the
collection to the library. Department and library
staffs were allowed in to sweep up the materials as
quickly as they could; the items were piled
haphazardly on the library study tables. Moldy

In the meantime, potential users were left to
browse through thousands of maps and field
notebooks not yet cataloged in order to find the piece
of information they needed. Rarely was this done
successfully, if at all. Requests from outside
agencies and researchers were normally denied. This
paper details the steps taken to provide bibliographic
and visual access to these rare and valuable materials.
Decision to Apply for Grant

Figure 2.

and damp materials were quickly pulled out during
the move and sent to Preservation. Work was
gradually begun to arrange and catalog the collection.
By 2001, the collection had been roughly separated
by years and nearly 134 records were in the online
catalog.

In early 2001, we applied for a Library Services and
Technology Act (LSTA) grant from the State Library
to catalog, scan, and display the items from the
Survey over the Internet
(http://www.library.ca.gov/html/grants.cfrn). The
state required that we raise matching funds in
addition to "in-kind" funds from the university. The
School of Earth Sciences and the Stanford University
Libraries agreed to provide the necessary money
needed to win approval of the grant. The State
Library was particularly interested in funding a largescale map scanning project in the hopes that it would
provide valuable information for others attempting
such a project. The grant was approved and funding
started in October 2001. A second and final year of
funding was granted in October 2002.
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The project has four main goals: to determine
what is in the collection; to organize and catalog the
materials; to preserve the materials; and to make the
collection accessible to geologists, the Stanford
faculty and students, and the general public. The
collection will be made accessible over the Internet,
will be searchable in Stanford's online catalog,
Socrates, and is being indexed in the USGS National
Geologic Mapping Database (NGMDB). It is
estimated that the materials held at Branner amount
to nearly 5,000 items. This is not the total output of
the Survey, but rather whatever the head of the
Survey saved at the time. A small handful of
additional materials have also been returned to the
collection by the respective authors.

Staffing the Project
In order to complete a large-scale project such as this,
additional staff needed to be hired. Three positions
were funded, including a student assistant, a scanning
specialist, and a cataloger. The positions are parttime for twenty hours per week. The scanning
specialist and cataloger positions are professional
staff appointments and include benefits. The GIS &
Map Librarian manages the project and staff with
oversight by the Head Librarian.
As we began the project, the usefulness of an
Advisory Committee became apparent. The
Advisory Committee consists of six people: two
former faculty leaders of the SGS, both professors in
the Department of Geological and Earth Sciences at
Stanford, Dr. James Ingle, and Dr. Elizabeth Miller;
two field geologists, Dr. Edward McKee of the
United States Geological Survey (USGS) and Judith
Terry Smith, an SGS alumna; David Rumsey, map
collector and creator of the David Rumsey Collection
online (http://www.davidrurnsey.com) with extensive
experience in scanning maps; and Phil Hoehn, past
cataloger of the SGS collection and present cataloger
of the Rumsey Collection.

DETERMINING THE CONTENTS OF THE
COLLECTION
The assistant was hired in the summer of 2001,
before the grant began, using regular library student
funds. Her job was to tie all of the disparate
materials together. This turned out to be a much
more difficult task than anticipated. Groups of
students would work together and then produce
nearly identical output. In the early years, this would
include two notebooks (triangulation and geologic), a
topographic basemap, and then three or four phases
of map production ending with the final product, a
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geologic map. Potentially, a field report was written
to accompany the fmal map. Another difficulty was
that the way in which the students mapped changed
over time. One year, the focus would be on bedrock
geology and the next on creating cross sections.
The assistant first matched all of the materials by
year, then by author or group. This information was
entered into a number of Excel spreadsheets divided
by decade. This set of spreadsheets is now the core
document tying together the unique identifiers
produced by the Cataloger (the catalog record
number) and the Scanning Specialist (the image
indentifier). In the end, the organization of the
materials took nearly fifteen months to complete.
The Excel workbook, an example of which is
shown in Appendix A, splits the Survey's output into
two categories, field notebooks and cartographic
products (maps, cross sections, and columnar
sections), by putting this information on two
spreadsheets. Each spreadsheet includes the author's
name, the study group, the title, the specific location
of the mapping, the relevant USGS quadrangle that
includes the study area, and columns in which the
Library of Congress call number and the image
numbers are being entered by the Cataloger and the
Scanning Specialist, respectively, as the work on that
item is completed. A similar column on each sheet
references the corresponding materials that
accompany the item.

ORGANIZATION AND CATALOGING
The Cataloger immediately began working with
Advisory Committee member, Phil Hoehn, to set
cataloging standards for the collection. It was
decided that all of the materials would be cataloged
in MARC format into Socrates, Stanford's online
catalog (http://www-sul.stanford.edu/search/socii/).
Year by year, the Cataloger would decide how best to
organize and describe the materials (SweetkindSinger, in press). He then began work on the existing
134 records in Socrates. Due to the work of the
assistant, more items had been found that
accompanied the previously cataloged materials. The
field notebooks had never been matched to their
appropriate maps. With this step now completed, the
notebooks were added to the appropriate online
records. He next began to catalog the remaining
uncataloged items in chronological order starting
with the first notebook in 1893.
At present, the maps are concurrently being
indexed in the NGMDB (ngmdb.usgs.gov). The
student assistant assigned to this task is adding the
records after the Cataloger has assigned the
coordinates for the area and has completely cataloged
the record. Eventually we will add the URL for the
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online version of the map to the database. Because
the items have already been cataloged in MARC
format, the indexing has progressed at a rapid pace.

PRESERVING THE MATERIALS
The Scanning Specialist's first priority was to
determine appropriate image specifications for each
of the types of materials to be scanned. In
conjunction with the digital preservation staff, it was
decided that the maps, cross sections and columnar
sections would be scanned at 300 dots per inch (dpi)
and the text at 400 dpi, both types to be saved as
TIFF images. The maps would be scanned in full
color. The text would be scanned in gray scale,
except for pages that included color pictures or
drawings. He then fami liarized himself with the
different scanners to be used on the project,
recommended the purchase of Adobe Photosbop to
clean and adjust the imagery, and learned to use
Microsoft Access, the program to be used to track the
metadata for each image.

Equipment and Stor age
Stanford University Libraries, as part of their "inkind" contribution, purchased a large format feedthrough scanner. The scanner is a Contex
SuperWIDE 3040 scanner sold by Ideal. com
(www.ideal.com). It is capable of scanning items up
to 40 inches wide at a resolution between 50 and 600
dpi. This scanner was chosen because of its ability to
handle large maps, maps up to 0.6 inches thick (a
necessary requirement as during the 1920s and
1930s, the maps were bound into folios with
accompanying text and photos), and maps of any
length (Fig. 3).
Academic Computing provided a Dell Optiplex,
GX 110 workstation with a 20-gigabyte hard drive
specifically to support the scanner. In addition, with
grant funds, we purchased Adobe Photoshop, an
additional 120-gigabyte internal hard drive, and an
external CD-ROM burner. The scanner has turned
out to be very reliable and able to handle a wide
variety of materials including paper at all different
levels of thickness, mylar, and plastic-coated paper.
Large-scale imaging projects such as this one
require a great deal of primary storage space as well
as back-up storage space. Within 6 months, the 120gigabyte hard drive was full. Additional storage
space on the Chemistry Library server was donated
on an interim basis for the project. In the fall of
2002, the central library system was able to provide
200 gigabytes of space on their Network Attached
Storage (NAS). The NAS is now our primary
repository for the images once they have been

Figure 3.
approved in the quality control process: the hard
drive at Branner is used as working storage while the
images are being scanned and proofed. The
Chemistry server is used as a back up as the other
two spaces reach capacity. All three of these storage
spaces are backed up on a nightly basis by the main
campus computing facilities . It is estimated at the
end of the project that we will use close to 500
gigabytes of space for the archival TIFF images.

Metadata
Descriptive, technical, and administrative metadata
standards were set early on by the GIS & Map
Librarian, the Metadata Librarian, the Digital
Preservation staff, and the Scanning Specialist. This
metadata accompanies every image created by the
Scanning Specialist. It resides in a custom designed
Access database. Descriptive metadata defines the
item itself with much of the information being pulled
from the MARC record created by the Cataloger.
Technical metadata describes the image
specifications and the information about the scanner
and software used to manipulate the images. The
administrative metadata defmes the rights to the
collection as a whole and to each piece individually
(Sweetkind-Singer, in press).
Most of the fields are either being populated by
the information embedded in the TIFF images,
populated from the cataloging MARC records, or put
m as default values that are automatically added to
each new record (such as the publisher of the digital
Image, ~tanford University Libraries). The Scanning
Specialist adds only 6 fields for each image. Specific
fields tie the image number recorded in the Access
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database to the MARC record in W orkflows. The
unique image number is also being added to the
relevant Excel spreadsheet containing all of the items
held in the collection. In this way, a trail is created
pulling all of the components of the project together.

ACCESSIBILITY
Copyright
After the grant was received, it became evident that
copyright permission needed to be obtained from the
past participants of the Survey in order to mount their
work on a Web site. The School of Earth Sciences'
Assistant Director of External Relations compiled an
address spreadsheet based upon the names that were
gleaned from the assistant's database. Letters were
sent to all of the living survey participants, with over
60 percent responding to the request. All of the
people who responded agreed to have their work
included in the project. A Web site (http://wwwsul.stanford.edu/depts/branner/SGS _ home.html) was
also designed to keep interested parties up to date on
the progress of the grant. A link off of this page
leads to the copyright letter, the agreement, and a
form to respond to the request.
Access to the Digital Collections

In consultation with the head of the Humanities
Digital Information Service (HDIS) at Stanford, it
was decided that Luna Insight software
(http://www.lunaimaging.com/index.html) would be
used to display the maps. Luna ' s platform was
designed specifically to display images. This
software had already been licensed by Stanford and
had already been used for two earlier projects. By
the conclusion of the project, people will be able to
access the site over the Web or by downloading a
Java client from the Internet.
The first step in the process was to provide the
HDIS with the archival TIFF images. These images
were then manipulated to create a number of
derivative JPEG and Mr. SID files that could be
quickly downloaded and displayed from an Internet
site. These images are being stored and served from
an HDIS server. An Oracle database was created to
hold the cataloging records. The metadata catalog is
used to connect the images to the correct cataloging
record.
The Web site is currently (as of February 2003)
in the beta-test phase of development. The opening
page of the collection is shown in Figure 4. Small
thumbnail images are on the right-hand side of the
screen.

Figure 4. The SGS collection opens to the first page
of maps. A small thumbnail has been selected on the
right-hand side and is highlighted. The data for the
map and a larger thumbnail are on the left.

Each image has basic cataloging data shown below it
including the title, author, and date. When the image
is selected and the data link is clicked, a larger image
appears with the full cataloging record above it.
Double-clicking on the image brings it into the Image
Workspace (Fig. 5), where it can be viewed at a
much higher degree of resolution. Many images can
be pulled into this Workspace allowing for
comparisons and review of the materials.

Figure 5. The same map in the image workspace.
The thumbnail at the bottom left shows where one is
located on the larger map. The toolbar on the right
allows the user to zoom in and out, pan, measure,
print, and bring up the cataloging information.

Luna will soon release a new version of their
software that will support the viewing of multiple
pages of text. It is hoped that this feature will allow
the field notebooks to also be displayed in this
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platform. If not, PDF files will be created for each
notebook that is scanned.

LOOKING AHEAD
The project is scheduled to be completed by the end
of September 2003. The Scanning Specialist is
scheduled to finish all of his work by the end of
March 2003 . He has completed the scanning of the
maps and has begun scanning the field notebooks
using book scanners held by the HDIS in the main
library. The Cataloger will need to be on the project
for the duration of the grant period. He is aided by a
student assistant who is also updating the NGMDB
after the records are cataloged in MARC. The items
in need of conservation, are being sent in small
groups to the experts in Preservation for repair and,
when needed, encapsulation. The Librarians will
continue to promote the awareness and use of this
resource, as well as continuing to report the status of
the project to the State Library on a quarterly basis.

CONCLUSIONS
The project has stirred up continuing interest among
Stanford Geological Survey alumni, many of whom
are, of course, just interested to see the work they did
so long ago now available on the Web; however there
is also genuine appreciation that important geological
information is now going to be accessible. The
support for the project from the Dean's office and the
Geological and Environment Sciences faculty has
been wholehearted. Now that some of the items are
in the catalog, the number of requests for the material
is going up, even though some of the currently
cataloged material is quite old.
Anyone contemplating a similar preservation
effort should take several factors into account before
beginning.
• Analyze possibilities, and set image standards
early, taking into account preservation needs,
data needs, and, as much as possible,
technological changes down the road.
• Assess the need for copyright permission. If it is
necessary, determine exactly what is needed and
who is the responsible party or parties to request
permission.
• Build in student assistant help for processing the
materials and carry out other routine tasks.
• Plan for a very large amount of storage space for
the digital files .
• Build your internal project team right away.
• Form an Advisory Committee of experts. Our
advisors have guided us in many areas, as wide
ranging as ruling on the scientific value of
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particular items, to advising on cataloging and
scanning issues.
• Design a spreadsheet or database of some type in
order to tie together the varied elements of such a
complex collection.
Finally, a project of this magnitude will take far
more of your time, particularly in the initial months,
than you think!
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Abstract- Digital projects have become an important part of library services during the last decade.
Digitization is valuable in the geosciences for a number of reasons. First, historic geologic materials are
often fragile and require protection from handling. The creation of digital copies readily resolves this
problem by allowing users to access the content of historic materials online. Second, digitization frequently
allows users to search the full text of these materials providing greater access to the content than ever
before. Other advantages of digitization might also be espoused, including the creation of one "virtual"
collection of materials found in different "physical" locations and the provision of worldwide access to
what were once only local materials.
Despite the numerous advantages associated with the digitization of a collection, a variety of issues
arise when planning and creating any digital object. Geologic materials are problematic due to the variety
of formats, for example, text with tables, maps, and folded plates. Preparing to scan these diverse materials
can be a complicated process. Other issues that might be encountered involve copyright, material selection,
scope and planning, and access and design. While more guides and literature are becoming available on this
topic, the voice of experience can often provide the best advice. The pitfalls encountered at Penn State
University's Fletcher L. Byrom Earth and Mineral Sciences Library during the creation of several digital
projects provides insights into both prospective problems and solutions.

INTRODUCTION
Libraries, especially those at large research
institutions and those containing specialized
collections, have made great strides in the digital
realm during the past decade. They have moved
from the world of providing basic traditional
resources, such as the library catalog and various
article indexes, via the Web to the world of
creating unique digital content for current and
future users. Some of this content has been
digital born; that is, it was never in the print
realm but rather was digital from birth. Other
digital content, however, has been culled from
their own, often unique collections. Why have
libraries moved into the realm of creating digital
content? Beyond the fact that digital projects are
often considered "cool" or "sexy," they typically
offer several advantages to researchers and
library users particularly when these projects are
carried out in the geosciences.
Why Digitize?

First digitization provides greater access to high
demand or restricted access items. Geoscience

libraries' collections frequently contain aging,
brittle materials from one or more of the state
geological surveys as well as older materials
from the U.S. Geological Survey. Digitizing
materials that are frequently used or very brittle
provides access to the content of this important
research collection while perhaps preserving the
originals by protecting them from further
handling.
Second, digitization frequently increases a
users ' ability to manipulate images and text. The
content found in many early state geological
survey materials is virtually inaccessible due to a
lack of detailed indexing. Digitizing these
materials and making them searchable creates
new avenues of access for a wide variety of
scholars.
Third, the creation of a digital version of
content provides worldwide access to what may
have been a limited local resource. Making
digital items freely available on the web means
researchers in another part of the world have
access to items that were previously restricted to
users who walked in the library door.
Finally, digitization allows the creation of a
virtual collection of related materials now found
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in separate collections. Cooperative projects can
provide access to materials found at several
different physical locations, thereby providing
users with seamless access to similar, topical
materials. Given the plethora of unique research
materials found at various institutions, the
opportunity for such cooperative ventures in the
geosciences abound.
In order to actually produce a digital product
that provides users with the advantages
mentioned above, however, a project has to be
well thought out and planned. There are
countless online documents that iterate the issues
and questions to cover when planning a digital
project. Often these resources cover one aspect
or step in the process and do not bring together
all of the questions that should be contemplated
when undertaking a digital project.
Given a wide range of digital project
experiences, a group of librarians at Penn State
worked together to develop an internal planning
document, a checklist, to assist others within the
organization working on digital project
development. The following sections discuss
each area of the checklist and may recommend
additional resources that provide a more in-depth
discussion of a topic.

resource or the need to fulfill commitments made
by library administrators as part of a regional or
national project. Some of the questions related
to material selection that need to be addressed
include:
• What added value will result with the digital
edition? Will materials be searchable and
thereby provide new levels of access for
users? As mentioned earlier, providing
searching capabilities for the content of
older geologic materials may be particularly
valuable to researchers.
• What are the users' priorities at your
institution? Note that some projects may be
administratively driven and therefore may
not involve direct user surveys.
• What's been done already?
This is not a trivial question and it is one
that is often difficult to answer. Some resources
containing information about digital projects in
the geosciences include:
• National Union Catalogs (e.g., WorldCat)
• The Making ofAmerica sites which include
some older geologic material
(http://cdl.library.cornell.edu/moa/ or
http://moa.umdl.urnich.edu/)
• The Online Books Page, available from the
University of Pennsylvania, provides a
listing of free online books by subject
utilizing the Library of Congress call
number for an item
(http:/Idigital.library.upenn. edu/books/)
• Research Libraries Group (RLG) Cultural
Materials subscription database contains
links to online digital content available
from libraries museums, and archives
• Search engines focused on government
resources, e.g., FirstGov
(http://www.frrstgov.gov/) or Google
Search Uncle Sam
(http://www.google.com/unclesam)
• Government servers including the U.S.
Geological Survey listing of online Books
and Other Publications
(http://pubs. usgs.gov/products/books/)
• Academic Info: Digital Library
(http://www. academicinfo .net/ digital.htm)
which lists projects by subject area,
including geology and geoscience.
It is also difficult to gain information about
projects currently in the planning stages at other
locations. Discussions at professional meetings
or via the Geonet listserv offer a chance to check
with colleagues and confirm that a project under
consideration will not duplicate an existing
project.

PLANNING DIGITAL PROJECTS
One of the most important tasks to accomplish at
the beginning of any digital project is the
definition of expected objectives and outcomes.
These objectives will drive the decisions made in
each of the planning areas. Once the goals and
outcomes have been clearly delineated the
questions found in each area of the checklist will
be more easily answered.
Questions in the checklist cover the
following topics: Material Selection, Scope and
Planning, Pre-Scanning Preparation, Scanning
and Digitization, Web Access and Design,
Metadata, and Publicity. Despite the fact that
questions have been posed under a particular
category heading, each area is closely
intertwined, and an answer to one question often
drives the answers reached in the other
categories.
Material Selection
Determining which content to make available in
a digital format is one of the most important
steps in any project. Material selection can be
driven by a wide range of variables, including
the immediate need to provide access to a
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• What can be funded?
Funding for a project is a crucial issue and
may drive material selection based on the
guidelines of a particular grant or the interests of
a potential donor. It is also difficult to locate
potential funding sources for digital projects
within libraries. Some resources that can be
monitored and searched for potential grants or
donors include:
• The Institute of Museum and Library
Services (IMLS) National Leadership
Grants for Libraries
(http://www.imls.gov/grants/library/lib_ nl
gl.asp) provides annual grants for
preservation or digitization projects in
libraries.
• The Community of Science Funding
Opportunities database
(http://fundingopps.cos.com) and the
SPIN Database of Funding Opportunities
from InfoEd, International
(http://spin2000.infoed.org/new_spin/spin
main.asp) offer searchable databases for
locating federal and private grants or
awards available to support digital
projects. A wide array of funding
resources is found in both databases,
including National Science Foundation
grants.
• Various foundation directories are available
in print and may be available for browsing
within your library collection. In
addition, the Foundation Directory Online
(http://fconline.fdncenter.org/) is available
for a subscription fee . Identifying local
and state foundations in your area may
lead to possible funding sources
depending on the project under
consideration.
Other funding possibilities include the use of
existing internal resources or cooperative
ventures with internal and/or external partners.
A cooperative project may be easier to fund
since numerous grants are specifically aimed at
ventures that involve multiple departments or
institutions.
What's Easiest to Do?
When evaluating material for a digital project, it
is often valuable to simply consider content that
might be easiest to digitize. A number of
questions related to material selection that may
indicate how "easy" a project will be to
accomplish, include:
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• Do you have the legal right to create a digital
version?
Ownership and copyright issues need to be
assessed immediately. Check carefully, when
evaluating the content of a publication for
copyright. We had permission to digitize a
heavily utilized book published by a famous
faculty member, but later discovered that the
book contained re-published material not
covered under the permissions we had previously
received.
Another question to consider is whether or
not the material is on someone else's "turf."
Despite the fact that an item may not be covered
by copyright, a colleague, department, or
organization may feel that they have
"ownership" over the material. Checking with
other potentially interested parties may provide
an opportunity to collaborate while avoiding the
possibility of inadvertently "stepping on
somebody' s toes."
• What is the nature of the original in terms of
size, color, and the type of content? That is,
does the item contain text, tables, and maps?
These questions are especially important
when evaluating content in the geosciences.
Large maps, color maps, and tables can easily
increase the complexity and costs associated
with a project. Additional questions need to be
posed once the nature of the content has been
determined. Are the resources available to
digitize oversize materials? Can color digital
items be reproduced that adequately represent
the original? Will tables have to be re-keyed by
hand in order to provide for searching and/or
legibility?
Another problem area in older geologic
materials relates to providing enhanced access to
the content once it has been digitized. In order to
make a digitized version of a text searchable,
optical character recognition software is used to
convert a picture of a page to searchable
numbers and letters. Older fonts, however, may
not be recognizable to optical character
recognition software programs which results in
an increased need for quality control to correct
errors made by the software. In some instances,
for example, when tables are published in a
resource, the original content may need to be rekeyed altogether in order to produce a legible
digital document.
• What is the nature of existing capabilities
available at your institution or within your
organization? Can existing technology and
staffing be utilized to carry out the project
based on the material selected?
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• What is the scope of the project? Are plans
underway for a small pilot project or a large
comprehensive project? If working on a
small project, will it be expanded in the
future? Selecting materials now that will fit
nicely with future content may provide
future funding or support as well.
One important factor to keep in mind when
selecting material for digitization is that content
chosen for a project may not be available to users
for an extended time. Therefore, consider
whether or not the library can afford to have the
material away from the collection before
including it in a digital project.
For a more in-depth treatment of this
important topic, see Selecting Research
Collections for Digitization by Hazen, Horrell,
and Merrill-Oldham. This publication is
available online at http://www.clir.org/pubs/
abstract/pub74 .htrnl.

We outsourced a maps project and found
that a number of the images provided were
skewed or contained other errors. Some images
could not be used, but others were only skewed
on the edges and the primary content was
utilized despite the lack of a "perfect"
reproduction.

Scope and Planning
Understanding the complexity involved in any
digital project is a key to eventual success. Not
only must goals and outcomes be established, but
the technological feasibility of a project must
also be ascertained. Questions to consider
include:
• What will the end product look like? Does the
end product require a searchable text/image
database or a simple table of contents
linking users to images of the material
digitized?
• How much material is involved? Does the
project include 100 volumes, 50 maps, or 2
test volumes?
• What size(s) and formats of digital output are
needed?
• Will web quality image files be produced?
How many versions are necessary? For
example, will the output include low
resolution thumbnails in addition to display
images sized for a standard computer
monitor?
• Will alternative print quality image files be
provided?
• Will archival quality reproductions of the
original, for example, large tiff files , be
created and stored? Will these be made
available to the public?
• Will the files be converted if the format chosen
becomes obsolete?
• Technologically, can the project be done and
done well? How much error is acceptable?
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Pre-Scanning Preparation

Frequently the materials chosen for digitization
include fragile, brittle materials that may be
difficult to handle. The condition of items
identified for digitization and the resulting
impact on the digitization process must be
evaluated early in the planning stages as well.
Questions to consider include:
• Is a good quality original available in the
collection?
Obviously the best copy possible should be
acquired to ensure clarity and legibility for the
digital version of the content. If a pristine copy
is not available in the library collection, would
colleagues from other states be willing to donate
copies for the project if online access is freely
·
provided?
• Do the source materials require special
handling due to age, condition, or format?
Overall, what are the consequences of the
digital project for the print original? Is it
appropriate to consider an additional step,
deacidification or other preservation
measures, at this point for the original as
well? Should the original materials be
repaired or encapsulated? When should the
preservation measures be carried out before or after digitization?
• What is the disposition of the source materials
after scanning? Some digitizing procedures
require items to be disbound. Is disbinding
an acceptable procedure in this instance and
if so, will the dis bound copies be retained?
• How will disbound materials retained in the
collection be stored? Should they be
returned "as is" or will they be rebound,
shrink-wrapped, or boxed?
• Should the originals be transferred to a
different location, for example, a storage
location with a controlled environment to
prevent further deterioration of already
fragile materials?
• Should facsimile reproductions that circulate
in place of the original be created as part of
the project?
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Planning for the preservation and storage of
the original content may increase the cost of a
digitization project. In order to adequately fund
the project, costs for deacidification, rebinding or
boxing, and storage of the materials must be
included in the overall project estimate.
Scanning and Digitization
Preparing for the creation of the actual digital
object is crucial to any digitization project. A
number of online resources are available to help
in this area. The Western States Digital
Standards Group published Digital Imaging Best
Practices in January of2003. Available online
(http://www.cdpheritage.org/resource/scanning/d
ocuments/WSDIBP_ v1_2003-0l-13.pdf), this
valuable resource provides information about
hardware, software, file naming and quality
control.
In addition, Howard Bessemer's site
(http:/I sunsite. berkeley. edu/lmaging!Databases/S
canning/) on "Procedures and Practices for
Scanning" also provides information on file
formats and detailed information about the
scanning process.
Some basic questions related to scanning
and digitization include:
• Can this project be completed in-house, or will
it require vended services?
• What digital formats and resolution are
required for image scanning, conversion,
delivery, and storage?
• How many derivatives of each image are
needed? Are all or some of the following
derivatives required: an archival master
(high resolution), a printing version
(medium resolution), a display copy (low
resolution), and thumbnails for navigation?
Equipment and Staffing
Equipment includes both hardware and software
and most often is comprised of more than just a
scanner. Digital projects may require the use of
a high end PC, a digital camera, special printers
or plotters, color printers, a zip drive, a CD
burner, and a myriad of other hardware devices.
Be sure to adequately evaluate all necessary
hardware up front to avoid additional
expenditures during the middle of a project.
In addition to new hardware or peripherals, a
variety of software is needed for most projects.
Some examples of software that may need to be
acquired include image editing and enhancement
software, like Adobe Photoshop, optical

character recognition (OCR) software, and web
development software.
In order to plan for staffing during the
digitization phase, several questions need to be
answered about existing staff members who may
be available to support the project.
• Do existing staff have the required expertise
needed to carry out the project and to
maintain the digital resources?
• Will additional training need to be provided?
Can this training be provided in-house or
will outside training be required?
• Has staff time for quality control of the digital
objects been accounted for in the digitization
plan?
Quality control is a huge issue and the
staffing and time required for this aspect of a
project is difficult to predict without experience.
Remember that if it can go wrong it will, and be
prepared for more work than predicted.
Web Access and Design
Creating the digital object is not the end of the
project. Providing access to the objects by
utilizing appropriate web design principles will
ensure library users get to the information they
need. In order to improve access to digital
content, answer the following questions before
starting:
• Who will be responsible for designing and
building the web site?
• Who will create search and retrieval tools and
other navigational aids?
• What naming convention will be utilized for
the digitized files? Is some intuitive naming
convention suggested based on the material
content? Using intuitive names may help
users more easily navigate back to the
resources provided.
• How will the files created for the project be
structured?
Arranging and classifying the content into
coherent files not only facilitates access but also
allows for the easy addition of new content if the
project is expanded in the future. Storing all
materials together in one file may make the
material difficult to manage as the file grows.
Think about future additions to a project
when creating the preliminary file structure. For
example, creating one file folder for U.S.
Geological Survey publications and another for
Pennsylvania Geological Survey publications
may be adequate at the beginning of a project.
However, if future plans involve the addition of
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materials from specific surveys, that is, material
from the 2"d and the 4th Pennsylvania Surveys,
additional subfolders may be required. This file
structure should be instituted at the very
beginning of the project in order to avoid
tracking and moving files and fixing broken
links in the future.

• Should the project be included in various
union catalogs or research databases?
• How should material included in the project be
cited? Ensuring that researchers can easily
cite the online resource guarantees new
users access to the materials and provides an
opportunity for "free" publicity too.

Cataloging and Metadata

ADDITIONAL RESOURCES

One way to guarantee that users find the digital
projects created at your institution is to include
information about all projects in traditional
research tools like the library catalog. Another
way to increase access is to provide metadata so
that search engines and other web based tools
can locate the resource as well. Plans for
cataloging the project and content and for the
creation of metadata should be established from
the beginning of every project. Planning
questions related to cataloging and metadata
include:
• What cataloging and metadata is required for
the project?
• How will the materials be cataloged?
• Will the metadata created for the project be
shared with others?
• Will downloads ofrecord "sets" be provided
for other library catalogs to allow additional
linking to the project?

As mentioned above, online resources offering
more in-depth descriptions of issues surrounding
digital projects abound. A few that may be
useful are listed below.
• The Northeast Conservation Center Handbook
for Digital Projects: A Management Tool for
Preservation and Access (2000) contains
several sections related to topics mentioned
above. Of particular interest are the sections
on Project Management including goals,
project planning, and implementation,
Material Selection, Copyright Issues, and
Vendor Relations. This valuable resource is
available both in print and online at
http://www.nedcc.org/ digital!dighome.htrn.
• Cornell University's Digital Imaging Tutorial
offers another resource to assist in fleshing
out details related to the questions raised
above. Topics covered include Material
Selection, Quality Control, and File
Management. Visit the Tutorial online at
http://www.library.cornell.edu/preservation/t
utorial!contents.htrnl
• The Institute of Museum and Library Services
offers A Framework of Guidance for
Building Good Digital Collections "for
people who are working in the context of
projects and want to develop good digital
collections." This document provides
guidance for creating "good" digital
collections and refers to select online
resources to assist in this endeavor. The
entire document provides valuable content,
but the section on Metadata may be
particularly useful to digital project planners
answering the questions posed above. Visit
the Framework of Guidance at
http://www.irnls.gov/pubs/
forumframework.htrn.
• Finally, a revised version of the Checklist for
Digital Projects produced at Penn State, as
well as, links to the online resources listed
throughout this document can be viewed
online at
http://www.personal.psu.edu/klj5/gsa/.

Publicity

An enormous amount of work goes into
completing any digital project. Once the work is
complete, it is essential to share information
about the project with users, colleagues, and
other interested parties. Don't overlook the
publicity step that should accompany the
completion and release of any digital project.
Announce the digital resource via appropriate
list-servs and in various library or subjectspecific publications. Also, release information
to local newspapers or statewide publications if
the project has broad interest.
If possible, answer the following questions
before the project even begins so that the
appropriate information can be gathered as the
project progresses.
• How will the completed project be advertised
and promoted?
• How widely will information about the project
be disseminated? Should information be
sent out to local, state, and/or national level
publications?
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CONCLUSION
The list of questions posed above is extensive
and may appear daunting and time -consuming
when a new project is considered. Many of the
questions, however, require only brief responses
and dealing with the questions at the beginning
of a digital project may save an enormous
amount of time in the future .
In addition to simply answering all of the
questions within your library or department,
including other parties who will be invested in
the digitization process is essential. Digital
projects frequently require buy-in and
cooperation from multiple departments found
within large organizations. Including the
appropriate Preservation and Technology
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personnel from the beginning of the planning
process will almost certainly facilitate the
implementation of the project.
Creating an efficient, well devised plan for
digitization can be a challenge for any project
manager, including those experienced in this
area. As with any planning process, it is
impossible to predict every eventuality; however,
utilizing a thorough checklist during the planning
stages provides the opportunity to avoid obvious
problems before they occur. Planning is the key
to any successful digital project, and the
questions and resources mentioned above will
undoubtedly assist in this process.
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IMPROVING DATA ACCESSIBILITY USING A RELATIONAL DATABASE:
IMPLICATIONS FOR THE MANAGEMENT OF LARGE DATASETS
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Mark E. Packard
Summit Envirosolutions
1217 Bandana Blvd. North
St. Paul MN 55405
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Summit Envirosolutions
1217 Bandana Blvd. North
St. Paul MN 55405

Abstract - Traditional methodologies for environmental investigations have involved separate data
acquisition, entry, manipulation, analysis, and display. Data compilation and management often carry
significant time and financial implications for most environmental projects. Recent advancements in
computing technology increase the ability to work with large amounts of data simultaneously. Analyzing
larger datasets is more efficient because procedures that need to be repeated for each set of data can be
performed for all data sets at one time. Evaluating data as a body may reveal trends and interactions not
obvious when they are considered on a smaller scale. Furthermore, the ability to trend over time and to
visualize spatially within Geographic Information Systems (GIS) allows data analysis to be completed
efficiently. These contemporary computer processes have collectively become known as Environmental
Management Information Systems (EMIS).
Geographic Environmental Management System (GEMS©) was developed as an EMIS tool for
managing dynamic environmental datasets that contain all geographic and scientific information of a
project concurrently. GEMS consists of a relational database used to acquire, store, query, trend, and
visualize datasets using a Graphical User Interface (GUI). Developed and run within Microsoft Access©,
GEMS is easily manipulated and customized for project-specific parameters.
Successful applications of GEMS include trending of geochemical data, three dimensional lithologic
and geochemical modeling in multiple GIS, and graphical presentation of data for the airport management,
petroleum, mining, and municipal water supply industries. In applicable cases, GEMS permits integrated
historic and current data into a single manageable database for the fust time. Current applications of GEMS
integrate state-of-the-art sensor technology for real-time, web-based data acquisition and visualization.
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Abstract - During the last decade of the 20th century, there was an exponential growth of electronic
Federal government information. This has generally provided more timely information access and
increased availability to the citizens of the United States. Many citizens and information professionals
have applauded the increase of this digital information. However, serious problems have arisen as
government agencies began to use the Internet as the sole or primary tool to deliver their information to the
American public. During the last 8-10 years, the long-term accessibility and preservation concerns of
information professionals have increased as much of the publicly accessible electronic government
information has vanished. Nevertheless, there has been no Federal legislation enacted to preserve and
provide permanent public access to this Internet-only information.
Recent events such as the first change in Presidential administrations during the Internet era, the
removal of the Department of the Interior' s web site for several months, and the "take down" of Federal
government Internet sites and subsequent government actions regarding new Federal information policies
and other legislation in the post September 11th environment have and will likely continue to remove
accessibility to large amounts of Federal government information both temporarily and permanently.
Although all types of government information have been affected by these events, there has been extensive
removal of scientific and technical information, including geosciences information. The paper will discuss
some of the broader issues concerning the accessibility of electronic Federal government information and
examine some recent problems in the accessibility of geosciences electronic Federal government
information.

INTRODUCTION
The tremendous increase in Federal electronic
government information that occurred during the
1990s had great advantages and disadvantages
for the American public. As easy as it was to
provide public access to their information, the
Federal agencies also found that it was just as
easy to remove it. During the last decade, the
long-term accessibility and preservation
concerns of information professionals increased
as some of the publicly accessible electronic
government information vanished from the
public record. This paper will examine a brief
history of public access to federal government
information, the growth of and access to egovernment information, policies protecting egovernment information, threats to continued
access, and examples of how geosciences
information has been affected.

ACCESS TO GOVERNMENT
INFORMATION- BRIEF IDSTORY
Access to United States government information
is vital for the Federal democracy as it allows the
American public to remain informed of the
actions of their government. The Federal
Depository Library Program (FDLP) was
initiated in the late 19th century to ensure this
accessibility. It is primarily through the FDLP
that the Federal government ensures the
provision of government information produced
at taxpayer expense to American citizens. While
most libraries collect some government
information, the FDLP libraries are legally
required to collect, maintain, and provide access
to some or all of the Federal government
information disseminated through the Program
for a period of years or in perpetuity. This
Program is administered by the Government
Printing Office (GPO) and currently distributes
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information to approximately 1,300 FDLP
libraries nationwide.
Through the early-1990s, this distribution
consisted of tangible products, including paper,
microfiche, diskettes, videocassettes, and CDROMS . During the last half of the 1990s,
Internet technology became widely accessible
and government agencies began experimenting
with Internet or web publishing. The U.S.
government, as well as many other entities,
generally saw electronic publishing as an easier
way to "distribute" information due to improved
timeliness, lower costs, and a growing computerliterate public. While many in the information
community praised the timeliness of the
distribution, the debate continues on the actual
costs and availability to every American citizen.

provide permanent public access to the
information. Those duties have historically
rested with the FDLP libraries. However,
libraries and GPO fmd themselves struggling to
provide preservation and permanent public
access to government information. To some, this
centralized distribution philosophy seems flawed
and out-dated. As a result, some libraries
dropped their depository status believing that ( 1)
the GPO was not providing enough tangible
materials to justify complying with the FDLP
rules and regulations and (2) their staff could
serve their patrons with government information
available on the Internet at no cost. However,
most FDLP libraries have found far more
advantages to remain with the Program than
disadvantages.
Over the past several years, some of the
government information that has been
"distributed" to FDLP libraries via the Internet
has disappeared. This "digital death," as it has
been called, can arise for several reasons
including newer material replacing older, content
reorganization, death of a sponsor or agency, lost
interest of a sponsor or agency, fear of public
reaction to historical documents, lost
functionality, media format obsolescence,
content format obsolescence, disaster (Wiggins,
2001) and since September 11, 2001, national
security issues. While some of these events are
normal within government, the resulting
irrecoverable information is troubling, especially
when one thinks about accessibility of early 21 51
century government information 20, 50, or 100
years in the future.

GROWTH OF FEDERAL EGOVERNMENT INFORMATION
In 1996, Congress asked the GPO to examine
moving towards an electronic-only FDLP. The
GPO undertook this study and consulted with
many of its constituencies including Congress,
government agencies, and the information
community. The result was the move towards a
more, but not entirely, electronic FDLP. The
GPO and its constituencies, especially the FDLP
librarians, realized that there was certain content
that needed to remain in tangible format for
historical and usability reasons. While there
continues to be some content distributed by the
GPO in tangible formats, at the beginning of the
21 51 century, more than half of the information
was distributed electronically. By the end of
2002, the percentage was 60%.
By moving to a more electronic FDLP, the
philosophy of the program shifted. From its
inception, one of the fundamental and central
ideas of the FDLP was to assure duplication of
government information across the country in
FDLP libraries in order to ensure the
accessibility and permanent preservation of
Federal government information for the citizens
of the country and the historical record of the
government. The current "distribution" of
electronic government information, much of it
available only on the Internet, certainly does not
encourage duplication. Much of this information
is completely under the control of the individual
government agencies. While it is the agencies'
mission to release their information to the public,
it is typically not their mission to preserve or
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PROGRESS TOWARDS PROVIDING
PERMANENT ACCESS
During the late 1990s, there were initial attempts
to curtail this removal of electronic government
information. The GPO has set up several
partnerships with some FDLP libraries and
government agencies where the goal of the
partnership is to provide permanent public
access. The GPO defmes the partnerships as
follows:
One of the guiding principles in
GPO's planning is the assumption that
the greatest benefit returned for
resources invested will come from the
development of partnerships that
share the tasks of building, storing,
disseminating, and preserving the
collection of FDLP electronic
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resources. The partnership concept
builds upon the successful model of
the distributed collection of tangible
FDLP products made permanently
accessible through the regional
depository libraries. Partnerships can
develop along various lines, with
varying degrees of formality, and at
various points in the information life
cycle. (GPO, 2000a, para. 2)
One example of a partnership is that between the
GPO and the University of North Texas (UNT)
libraries which provides permanent public access
to the Cybercemetery of Former Federal Web
Sites. This site offers continued access to some
of those federal agencies that have ceased
operation including the National Bioethics
Advisory Committee, the National Partnership
for Reinventing Government, and the Office of
Technology Assessment. While these sites are
"no longer updated or supported" (GPO, 2002,
para. 3), the partnership will provide permanent
public online access to these archived sites.
While the GPO has always been the
distribution center for government information in
the past, the agency has recently taken on the
role of a content provider of electronic
government information as they have developed
the FDLP Electronic Collection. This Collection
is an effort to provide permanent public access to
those Federal sites that are hosted on the GPO
web site, GPO Access. The role for this
collection is "to provide permanent public access
to Government electronic information products
as a continuation of its historic role in providing
permanent access to printed information products
in conjunction with regional depository libraries"
(GPO, 1998, p. 1). When these publications
cease to be available from agency web sites, the
FDLP Electronic Collection will provide
permanent public access to this information from
its own site. While this is admittedly only a
small portion of electronic government
information, at least it provides a beginning to
this important process. However, those in the
information community cannot be completely
confident that the GPO ' s efforts to provide a
partial solution to disappearing government
information will continue. During the past few
years, the GPO has undergone significant budget
cuts and is not explicitly funded to perform this
type of work (Warner, 2002).
Some libraries that are not in partnerships
with the GPO have started to preserve and
provide permanent public access to government
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information. Many make tangible copies of
selected electronic government information to
place in their collections and some have even
started to mirror agency databases on their own
servers. Recent suggestions from several Federal
depository librarians and the National
Commission of Library and Information Science
(NCLIS) in their Comprehensive Assessment of
Public Information Dissemination, Final Report
(NCLIS, 2001) encourage the GPO to began
distributing electronic files of government
information directly to FDLP libraries.

OPPORTUNITIES FOR IMPROVING
ACCESS -LEGISLATION
Although Federal government information is
increasingly being produced electronically, there
is no overall Federal information policy to
provide preservation or permanent public access
to all of this digital information. Understanding
that the issue of preservation or permanent public
access has never rested with information
producing agencies, librarians began working
with members of Congress in the rnid-1990s to
develop legislation recognizing the importance
of electronic government information. Since that
time, there has been Federal legislation
introduced to mandate the protection of
electronic Federal government information. Two
examples of this legislation introduced were the
Wendell H. Ford Government Publication
Reform Act and the E-Government Act. The
Wendell H. Ford Government Publication
Reform Act (S.2288) was introduced in the 106th
Congress. This legislation redefmed government
information under Title 44 of the U.S. Code to
include electronic government information and
ensured its permanent public access through the
existing FDLP structure. However, this
legislation was not passed.
The E-Government Act of 2001 was
introduced in the 107th Congress and allows
better public access and preservation of
executive government information and judicial
information in addition to many other provisions
found in the bill all aimed at "push[ing] federal
agencies to make wider use of the Internet to
provide information and services to citizens"
(Matthews, 2002, para. 2). Although it is not as
inclusive as the previous legislation mentioned
above (e.g. , it does not include congressional
information), it addresses the overall life-cycle
management of and public access to executive
and judicial government information (ALA,
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2002). This legislation was passed in the 107th
Congress and signed into law on December 17,
2002. Some of the key provisions are below:
• Creates the Office of Electronic Government
to undertake e-government initiatives
• Enhances the effectiveness of those
institutions providing computer access to the
public
• Calls for a study of the disparities of Internet
access for electronic government information
• Establishes a committee for cataloging and
providing access to and preservation of
government information
• Directs agencies to determine what
information they will make available via the
Internet
• Calls for the integration, to the fullest extent
possible, of basic information about the
research and development funded by the
federal government
• Creates a directory of government web sites
based on a taxonomy of the organization of
government information by subject
• Provides guidance on agency web sites to
allow for more consistency among agencies
Depending on how this legislation is
enacted, it could have dramatic, positive effects
on the access to and preservation of a large
portion of electronic Federal government
information. It will be important for information
professionals to be aware of this new law and
become involved in the legislation's
implementation.

GSIS Proceedings 2002

Nickum

White House Web Site Lost
While some electronic-only government
information was disappearing from the Internet
during the late 1990's, almost no one, not even
most in the information community, expected
thousands of pages ofU.S. government
information to disappear overnight. But that is
just what happened on January 20, 2001 when
George W. Bush was inaugurated as the 43rd
President of the United States. The new
President understandably wanted to provide a
new look and content to the White House web
page, and with this new look and content,
thousands of former President Clinton's pages
were removed from public access. However, the
National Archives and Records Administration
(NARA) had been "taking snapshots" of various
Federal web pages, including whitehouse.gov,
and had saved at least the content of this page
during President Clinton's terms. NARA also
asked other agencies to take "snapshots" of their
web pages at the end of the Clinton presidency
(although this request came only 8 days before
the inauguration) (Wiggins, 2001). President
Clinton was the first president to hold that office
in the Internet era and there was obviously no
plan to preserve the information his
administration provided to the public. With the
enactment of the £-Government Act of 2002,
one hopes that this situation will not repeat itself
with future changes in Presidential
administrations.

THREATS TO CONTINUED ACCESS

Court-Ordered Shutdown

There are several recent examples demonstrating
that reliance on Federal government agencies for
Internet access to government information could
be disastrous. Major events in which thousands
of electronic-only government publications and
web sites were temporarily or permanently
removed from public access furthered the belief
that the current electronic environment is
extremely fragile and permanent public access
and preservation need to be addressed soon. The
incidents discussed below include the first
change in Presidential administrations during the
Internet era, the removal of the entire
Department of the Interior's web site for several
months, and mass information "take-downs" and
new policies post September 11th. These events
prove that large amounts of government
information can be removed from public access
quickly and without warning.

Another case of digital death, even if only
temporary, was the court order of December 5,
2001 that shut down the Department of the
Interior's web site. In the midst of a multi-year
court case regarding Indian trust funds between
American Indians and the Department of the
Interior coupled with some long-term network
security problems, "a district court judge ordered
the shutdown of all [Department of the Interior]
computers that touch trust funds data" (Scalet,
2002, para. 4). The Department of the Interior's
web pages were constructed in such a way that
this action brought down all of the various
agencies within the Department (Milwaukee
Journal Sentinel, 2002). Some, such as the U.S.
Geological Survey and the National Fire and
Safety Center, were "excused" from this order
because of public safety, but many agencies
remained inaccessible for months. Since most of
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these agencies within the Interior Department
were primarily providing an electronic-only
dissemination of agency information, the
American public could not access a great deal of
agency information during this extended time.
Many constituencies were extremely upset by
this shutdown as many have become accustomed
to fmding government information on the
Internet. The overall size of the information
provided by the Department of the Interior's web
pages is enormous. Librarians, not expecting
that so much information could be removed from
public access so quickly and without warning,
found themselves scrambling in order to satisfy
the needs of their patrons.
Terrorist Attacks: Implications for Libraries
The terrorist attacks of September 11, 2001 are
likely to have long-lasting effects on public
access to government information. Soon after
September 11, the U.S. government began to
remove or limit access to previously public
government information for national security
reasons. This removal directly affected 335
Federal Depository libraries when an October 12,
2001 letter from the Superintendent of
Documents of the GPO was received requesting
the destruction of all copies of U.S. Geological
Survey CD-ROM Source-Area Characteristics
of Large Public Suiface- Water Supplies in the
Conterminous United States: An Information
Resource for Source-Water Assessment, 1999 to
"prevent disclosure of its contents" (Buckley,
2001). While depository librarians have
received requests to remove or send back
information originally distributed by the GPO,
usually the reasons given are such things as
incorrect pagination, incorrect printing, or
superseded or erroneous content. The GPO
followed its own procedures with this title, and
the request came directly from the agency. Since
Federal depository libraries are only "entrusted
with the maintenance of these materials while
they are in the custody of the library" (GPO,
2000b, p. 20), and not considered the owners of
material distributed through the FDLP, the
request was legally binding. Without the
knowledge of the GPO or the U.S. Geological
Survey (Cha, 2001; Oder, 2002; Susman, 2002,),
Federal FBI agents visited several depository
libraries in Arkansas to "ensure that the
document was truly removed from circulation"
(Cha, 2002, para. 13). While Federal depository
librarians certainly do not want to provide
information for future terrorists, most will resist
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library censorship and strongly believe in the
provision of government information and the
public's right-to know.
Around the same time as the GPO request to
destroy the CD-ROM, many other agencies were
removing government reports from their web
sites. Some of these withdrawals were
temporary while the agencies examined the
information to determine if it posed a national
security risk, while others appear to be
permanent. The Department of Energy initially
removed its Information Bridge, a web site
providing access to thousands of technical
reports. After the site was restored, almost 9,000
of these reports previously available for public
access were suppressed while DOE employees
determined whether they were security risks
(Cha, 2002). Other agencies withdrawing
government information that was freely
accessible prior to September 11th include the
Defense National Information Center, National
Technical Information Service, Environmental
Protection Agency, National Archives and
Records Administration, U.S. Geological
Survey, National Aeronautic and Space
Administration, Federal Energy Regulatory
Commission, Department of Transportation,
Agency for Toxic Substances and Disease
Registry, Federal Aviation Administration, and
National Imagery and Mapping Agency (OMB
Watch, 2002). The number of reports and
documents that have been removed by these
agencies is well over 15,000. While some of this
information has been unsuppressed and others
will follow, the withdrawal of this information
has serious implications for the open-records and
right-to-know society the U.S. government has
generally provided to its citizens.
New Policies Developed Since 9/11
Since September 11, 2001, new policies have
been developed that could threaten access to
electronic government information. Two of
those policies are the reinterpretation of the
Freedom oflnformation Act (FOIA) and a White
House and Department of Justice memo
concerning classified, unclassified, and the new
classification of "sensitive but unclassified
information." Both of these policies will most
likely further the belief for many that the U.S.
government is expanding its restriction to
government information and inhibiting the
public's right to evaluate and assess government
activities.
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On October 12, 2001, a memo was released
from the U.S. Department of Justice regarding
FOIA (DOJ, 2002). The previous policy
encouraged disclosure unless it was "reasonably
foreseeable disclosure would be harmful."
However, the memo urged caution in disclosing
information requested through FOIA. The
memo also stated that the Department of Justice
would defend any agency withholding
information "unless they lacked a sound legal
basis." Another memo entitled "Safeguarding
Information Regarding Weapons of Mass
Destruction and Other Sensitive Records Related
to Homeland Security" released from the White
House and the Department of Justice on March
19, 2002 (Card, 2002), requests that agencies not
"disclose inappropriately" information of any
age relating to weapons of mass destruction or
other information that could be misused to harm
the nation or its people. The agencies were also
asked to reclassify appropriate documents.
There has been classified and unclassified
information within the government for decades,
but this memo creates a new classification of
information, "sensitive but unclassified
information," without any definitions of the term
"sensitive." The memo does state that this
information needs to be considered on a "caseby-case basis, together with the benefits that
result from the open and efficient exchange of
scientific, technical, and like information."
Because this classification is not defined, some
believe that select information is being withheld
from the public without any justification. One
recent suggestion to solve disputes occurring
from this new policy would allow officials from
the Information Security Office, an executive
branch agency, to "receive appeals to review
disputes and challenges to executive agency
decisions regarding the release of such
documents and reports" (Gordon-Murdane,
2002). This idea is not currently in effect, but
would provide an independent party, although
one within the executive branch, to work with
both the agency and those requesting the
information.

extensive amounts of electronic information and
therefore and more greatly affected by the
changes detailed above. Scientific agencies,
such as National Aeronautical and Space
Administration, Department of Energy, the
Environmental Protection Agency, and the U.S.
Geological Survey, have allowed greater
accessibility to their information through their
web sites. Much of the information provided by
these agencies broadly falls into the geosciences
discipline. There is a rich history of the Federal
government providing geosciences information
to the American public. A brief discussion of the
challenges that the U.S. Geological Survey, in
particular, faces in providing its electronic
information to the public follows.

ACCESS TOE-GOVERNMENT
GEOSCIENCES INFORMATION
The circumstances, legislation, events, and
policies described above are affecting the entire
realm ofFederal electronic government
information. However, there are some
government agencies that are producing
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Access to and Preservation of U.S. Geological
Survey Electronic Information
For well over a century, the U.S. Geological
Survey (USGS) has produced much information
for the American public and since the mid-1990s
much of this information has been accessible
from the agency's web site. Some studies have
been performed to discover how much USGS
electronic government information is unnoticed
by the GPO and libraries. A study by Jensen
(2001) on the USGS Open File report series
recently found that many of these publications
were not distributed through the FDLP, not
found on USGS web sites, and not found in
standard bibliographical databases such as
WorldCat and the geosciences database GeoRef.
Of the approximately 1,300 reports examined,
more than half had not been included in the
FDLP. But perhaps an even more surprising
result was that 240 (30%) were not listed on the
USGS list of Open File reports. This is an
alarming number of reports not easily accessible
for the American public either through the
agency web site or the FDLP libraries.
The Colorado School of Mines is currently
performing a study examining the USGS Fact
Sheet series. This newer report series, started in
the 1990s, was chosen because of its short
history, all of it in the era of electronic
dissemination. Also the Fact Sheet publications
are brief (usually 2-4 pages) and should cause no
storage or display problems. The study
examined the numbered publications from 19982002 and the ways in which they were
disseminated. The hypothesis was that since all
of these were born digitally in an era where the
agency had started disseminating many of
publications through its web site, the reports
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should be available and easily locatable on the
agency's web site. The titles were amassed from
those that had been distributed to the FDLP
libraries and found on the Fact Sheet series web
sites located on the USGS Products and
Publications (http://water.usgs.gov/wid/indexlist.
html) and the USGS Books and Other
Publications (http://pubs.usgs.gov/products/
books/). Although those working on this study
were aware of the Fact Sheet publications
available on other USGS servers, only those
found on these USGS web sites were consulted.
First the distribution of this series through
the FDLP was examined. The FDLP libraries
have received and are continuing to receive
copies of these publications, both in tangible
(paper) and electronic (via the USGS web site)
formats. When compared to many other
government agencies, the USGS is one of the
more consistent agencies in making sure that
their information is distributed through the
FDLP. Of the 580 publications examined, 331,
or 57% had been distributed to Federal
depository libraries. Of the 331 , only 3 were
disseminated solely electronically (i.e., only
notice of a link to a USGS webpage in the
cataloging record) and 228 were distributed in
paper.
Some problems arose when examining the
Fact Sheet series on the USGS web site. First of
all, not all of the Fact Sheet publications were
represented on the web sites examined. There
are additional USGS servers that contain other
unique publications from the Fact Sheet series.
The purpose of this study was to find those Fact
Sheet series reports that were easily found. Once
someone fmds a web site indicating it contains
the USGS publications by series, they will most
likely assume that they are examining all of the
electronic publications available from the
agency. For this reason, the Fact Sheet
publications found on other servers were not
included.
The individual Fact Sheet series publications
were organized differently on the web sites used.
The most comprehensive web site, USGS
Products and Publications, was arranged initially
by topic (resources, hazards, environment,
information management, and states) then
individual publications were arranged by date
within the topics. On that same page, there were
other Fact Sheet publications by scientific
discipline, including mapping, geology, biology,
and water. However all of the Fact Sheets within
those disciplines are arranged differently.
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• The mapping discipline arranges Fact Sheet
publications alphabetically by title.
• The geology discipline arranges Fact Sheets by
year.
• The biology discipline arranges all of their
publications by research center.
• The water discipline contains a search engine
to find the water publications.
Finally, the USGS Books and Other
Publications web site provided a very
abbreviated list of Fact Sheets (arranged by
years) when compared to the other web site of
the USGS Products and Publications web site.
Although none of these web sites were difficult
to use, one has to make sure that all are consulted
because while there is a lot of overlap between
these sites, each has some unique publications.
While the lack of standard organization can
easily be explained by the various units within
USGS responsible for creating Fact Sheet
publications, it defmitely complicates the search
process for the average user. When looking at
the 580 total Fact Sheet titles examined, 435
publications, or about 75% of the total, were
found on this web site.
When looking at the entire set of 580 Fact
Sheet report titles, 250 (43%) were unique on the
USGS Fact Sheet web sites, 142 (25%) were
distributed only through the FDLP, and 188
(32%) were found on both the USGS web sites
and in FDLP libraries. When examining this last
category of 188 overlapping publications, the
GPO catalogers who cataloged these publications
only identified Internet links for 88 of these
titles. This small number accounts for only 4 7%
of the total that could have been easily included
in the cataloging records.
The Colorado School of Mines study and
Jensen's study in 2001 indicate a role for all
librarians in providing better access,
preservation, and organization to USGS
publications. As was recently stated in a report
by Shuler "the two concepts public agencies
consistently fail to grasp as they build their new
electronic files are the two librarians understand
the best: organization and preservation" (Shuler,
2002, para. 19). Although there are partnerships
between GPO and several libraries to preserve
and provide permanent public access to
information from some government agencies, the
information from the USGS is not being
protected by such a partnership. Libraries do not
have to be participants in the FDLP to become a
partner with an agency. Other methods that
could be used by librarians include encouraging
agencies to develop more effective procedures
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for disseminating their information and sharing
information about the discovery of "missing or
hidden" reports with the agency and other
libraries (Jensen, 2002, p. 24). Librarians can
also start to preserve this agency information,
whether electronically or in a tangible format.
There are many actions, both large- and smallscale, that librarians can start doing now to
prevent agency information from remaining
hidden or vanishing altogether, both of which
could leave large gaps in the hundreds of years
of USGS information residing in libraries.

century. Added to major changes in government
information that occurred during the last decade
of the 20th century, there are many lessons that
librarians can learn from in the last 10-12 years.
The dissemination of government information
has been forever changed. This realization must
lead to a better understanding of how all of the
parties involved can work together. It is vitally
important for librarians to remain informed about
issues affecting public access to government
information and continue or began a dialog with
those providing, disseminating, creating policies
and legislation for, and using this information.

Legislation and Policies- U.S. Geological
Survey
The effects of the new £-Government Act on the
information from executive agencies, including
the USGS, will hopefully be positive. There are
at least two parts of the legislation in which
librarians should be interested and provide input
including ( 1) the establishment of a committee
for cataloging, access, and preservation of
government information and (2) the creation of
better organization for all government web sites.
As seen by the two studies mentioned above, this
is certainly important for the information found
on the USGS web site. It will be important for
geosciences librarians to remain informed about
the progress on this Act. Likewise, it will also
be important that librarians keep informed about
the progress of the policies mentioned above
(memos on the reinterpretation ofFOIA and the
"Safeguarding Information Regarding Weapons
of Mass Destruction and Other Sensitive Records
Related to Homeland Security"). While the
FOIA policy affects all agencies, the other memo
asked each agency to establish their own policy.
The USGS released their policy "USGS Product
Access and Distribution Guidance" in 2002 (see
Appendix A). This guidance, which is more
detailed than the memo distributed by the White
House and the Department of Justice, discusses
how the agency will handle sensitivity with new
and existing products. However, as in the initial
memo, the USGS does not defme the term
"sensitivity" as it relates to USGS information.

APPENDIX A
Executive Summary - USGS Product Access
and Distribution Guidance
1.

USGS will evaluate new science data,
information, software and publications as
well as scientific and technical services for
potential sensitivity as part of the initial
publications/approval process.
Recommendations for restrictions will be
made through chain of command, regional
or national. Existing products will be
evaluated only if recommended by the
Associate Director. The Associate Director
for each discipline will make the decision in
consultation with the Senior Science
Advisor to the Director.

2.

Guidance from other Governmental agencies
concerning withdrawal of USGS products
will be implemented for those agencies with
line or policy authority for public safety or
national security. Distribution by USGS of
data from other agencies will be stopped at
the owner agency's request. Other requests
will be evaluated on a case-by-case basis.

3.

Levels of restrictions to be implemented are:
a.
b.
c.

CONCLUSION
51

The 21 century has many challenges for those
interested in providing access to and preserving
Federal electronic government information.
There have been numerous events that have
greatly affected access to government
information within the fust few years of the 21 51
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d.

No sensitivity is determined. No
restriction is required
Product is determined to be sensitive.
Do not distribute.
Sensitivity has been determined for a
previously distributed product that is
widely available. Withdrawal would be
ineffective. Continue distribution.
Sensitivity has been determined for a
previously distributed product that is
widely available. Withdrawal would be
ineffective. Continue distribution of
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current version. Restrict distribution of
new features or updates for 1 year.
Product is restricted according to
directive from another agency with
specific authority for public safety or
national security.

4.

Response to customer inquiries for
withdrawn data is determined by the Cost
Center Chief and may be either answered by
the Cost Center or referred to Homeland
Security Operations Center (HSOC). All
congressional and media requests are
referred to the Office of Communications.

5.

Guidelines for determining sensitivity are
attached to this guidance, as well as a
sample table for documentation of
restrictions. Executive Order 13224 and
associated information pertaining to antiterrorist activities will be sent separately to
the Cost Center Chiefs.

6.

This guidance supplements existing USGS
policies for review of publications and
presentations. Guidance for handling FOIA
requests and for compliance with the
Privacy Act is included. Survey Manual
Chapters 500.8 and 500.9 are attached
(Note: These policies have not been updated
to reflect changes to USGS organization.)
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GEOSCIENCES IN THE IDEAL PHYSICAL/DIGITAL UNIVERSITY OF
ALASKA SCIENCE LIBRARY- A VISION FOR THE FUTURE
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Abstract - The University of Alaska Fairbanks is the only doctorate-level high-latitude university in far
northwestern North America and one of only a few in the world. It is the focus of a greater amount of
research, instruction and service in the geo- and biosciences, physics and chemistry relative to other
subjects than in most other universities. There has long been vigorous research and personnel expansion
and increases in external funding. With this growth the university library has become increasingly unable
to meet science information needs because of antiquated space and an inability to consolidate science
materials where most users now are. A new physical/digital science library is urgently needed, and a
planning vision for that facility is presented here. It is a synthesis of much published contemporary
research and thought about libraries for the future and incorporates preliminary results of a user survey.
Major features will be a still large book collection with long-term expansion space, most journals and
indexes online and universally accessible, a highly structured library Web metasite, preservation of a
comprehensive mostly print-form high-latitude scientific record, and an abundance of people space for
research, information literacy instruction and other intellectual/aesthetic pursuits. The new library will
represent an overall guiding philosophy of science, based on rational and objective thought and action, as
fundamental to the meaning and quality of human life. Such a synthesis is rare in the published library
literature and will be instructive for other science librarians facing an all-new-facility need through groundup construction or extensive renovation.

INTRODUCTION
The University of Alaska Fairbanks, UAF, is the
only high-latitude doctorate-granting university
in North America and one of only a few in the
world. UAF has long been a leader in highlatitude research, education and service, and it
has been experiencing major expansion across
the sciences, including the geosciences. Much
success in external research funding acquisition
is contributing substantially to this growth.
The capacity in UAF for providing science
information in physical and digital forms,
information services, and a proper environment
for information access and use is increasingly
inadequate as expansion in the sciences
continues. The overriding problems addressed
here are severe lack of library space and
inappropriate location of materials, such that a
new science library is urgently needed. An
overview of the problems is presented, then a
condensed description of the proposed
University of Alaska Science Library, or UASL,
as currently envisioned. The vision embraces the
concept of the ideal or model academic science

library, thoroughly adapted to the digital
information age and the Age of Science. A
comprehensive vision as represented here in
condensed form is a first essential, to inspire and
guide the broader planning and fund-raising
process, even though it will continue to evolve as
science information concepts, resources and user
needs continue to evolve.
Such a vision, based largely on an enormous
amount of published contemporary thought and
prediction, can be instructive and encouraging
for others facing problems similar to those now
so urgent in UAF. User and potential-user input
is also essential for design and planning, and
emphasis here on the geosciences component of
UASL is informed by preliminary results of a
recent survey ofUAF personnel in these and the
other sciences. A comprehensive analysis and
interpretation of that survey will be published as
soon as possible.

METHODOLOGY
Designing the model physical/digital 'hybrid'
UASL has two major foundations. First, there is
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a constant stream of published research and
thought concerning the future of libraries and the
nature of science information and its
organization, accessibility, retrieval and use
(Anonymous, 1999; Arms, 2000; BaruchsonArbib and Bronstein, 2002; Bazillion and Braun,
2001; Bennett, 2001; Crawford, 1999; Demas
and Scherer, 2002; Edelman, 2002; Hamaker,
2002; Leighton and Weber, 1999; Mann, 2001 ;
Riggs, 2002; Webb, 2002; Williams, 2002).
This creativity has been the primary contribution
to the UASL vision so far. Second, an ambitious
and responsible science librarian will know the
broader mission and long-term strategic planning
of his institution (Alaska, University of, 2000),
the specific information needs of the diverse
members of his constituency (Anderson, 2003),
and how providing for the latter complements
the former. Such knowledge is essential to
library design and planning.
Knowledge of a science librarian 's
responsibilities is often informed by user surveys
(Anderson, 2003 ; Covey, 2002; Hiller, 2002;
Junion-Metz and Metz, 2001; Salwasser and
Murray-Rust, 2002; Whitmire, 2002; Williams,
2002). The next major evolutionary phase of
UASL design will incorporate analyses of data
from a custom-designed survey of most of the
nearly 200 current UAF faculty and research
staff members and 138 of some 325 graduate
students in the sciences. It is an integrated
survey aimed not only at informing the UASL
vision, but also at optimizing science
information service in the near term. Such
service will, of course, feed directly into the
functionality ofUASL. It appears there are few
if any published syntheses of all the research and
thought concerning future libraries that is now
available, nor of user perceptions which can be
surveyed locally and brought together with that
creativity into a plan or vision of the sort
presented here.
The ideal UASL is defmed on the basis of
five criteria. First, it will meet all the regular
information needs of its users in terms of print
and digital information resources and in terms of
reference and other services. Second, it will
meet certain needs many in its constituency
might not have clearly realized they had,
particularly in terms of information literacy
instruction, Web-based science metasites and
artificial intelligence capabilities (Anderson,
2003; Brown and Crumholz, 2002; Clement,
2000; Flecker, 2001 ; Goldstein, 2002;
Greenstein and Healy, 2002; Hamaker, 2002;
Llewellyn and others, 2002; Shoffner, 2002,

Sisson, 2000; Whitmire, 2002). Third, UASL
will be sufficiently imposing both physically and
in terms of its collections and services to be an
intellectual hub of the UAF campus and the
statewide UA System, and it will also be an
aesthetic hub. Fourth, as a primary repository of
the scientific record for high-latitude regions, it
will be an information resource for other
institutions and agencies in northern Europe,
Russia and other countries as well as in North
America. Fifth, and most importantly, the ideal
UASL will be adaptable to future major changes
in conceptual and technological aspects of
science information form, access, and use.

THE NEED FOR UASL
According to its mission statement, UAF ' . .. as
the nation's northernmost Land, Sea, and Space
Grant university and international research
center, advances and disseminates knowledge
through creative teaching, research, and public
service with an emphasis on Alaska, the North
and their diverse peoples' (Alaska, University of,
2000). Two of six specific goals in its strategic
plan call for UAF to ' ... be a world leader in
Arctic research and related graduate education . .
. ' and ' .. . an academic gateway to the North
Pacific and the Circumpolar North.' Thus a
substantial mandate is imposed on its library
system to support this mission and these goals.
Science information physical/digital
resource and service inadequacies are all the
more apparent with major increases in research
funding over the past few years. Currently UAF
attracts some $5.70 from external sources for
every dollar of State funding . And with the new
Republican State administration, that ratio will
probably increase, even if the external funding
remains constant or decreases! Funding from the
US National Institutes of Health, for example,
has increased from $0.07 to $4.5 million in just
two years. Total research revenues in 2002 were
in excess of $90 million, which was 91 percent
of the research funding to all 16 units of the
University of Alaska statewide system. In the
broad realm of the geosciences, research funding
for UAF is also high relative to many other
'doctoral/research-intensive' universities, of
which UAF is the only one in all of far
northwestern North America (Alaska, University
of, 2000).
Regarding personnel increases, a 24 January
2003 public statement by UAF Chancellor
Marshall Lind noted that in fall semester 2002
there was an 11 .5 percent increase in the total
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number ofUAF students, to 9,390, over the fall
2001 number. Concomitant with that have been
substantial increases in faculty numbers,
including new 'President's Professors' in global
climate change, ocean sciences and fisheries,
bioinformatics, and genomics. These professors
and other new personnel and programs will need
the support of science library resources and
services. The sciences are a much larger
component of overall UAF research, instruction
and service relative to the arts, humanities and
social sciences than in most other universities.
The UAF campus has two main parts.
Instruction, research and service in mathematics,
engineering, technology and the arts, humanities
and social sciences are based on Lower Campus,
the original campus. The sciences, on the other
hand, are now mostly in a newer area, the West
Ridge. While these two parts of campus are only
about a mile and a healthful hike apart, that is too
far for even the more energetic geologists to take
full advantage of physical library materials,
services and spaces according to modem
standards of convenience, especially during the
long sub-Arctic winters.
The UAF BioSciences Library, BSL, is
located on the West Ridge and serves UAF users
and many others in the broad realm of the
biological and medically-oriented sciences. A
special library serving the world-famous
Geophysical Institute and International Arctic
Research Center is also on the West Ridge and
serves in the realm of physics, astronomy,
meteorology, geology and related disciplines.
However, that library's mission and capabilities
are limited to the needs of GI, IARC and closely
associated personnel. The Departments of
Physics, Chemistry & Biochemistry and Geology
& Geophysics, and various entities such as the
Institute of Marine Science with much overlap
into the physical sciences, are dependent on the
main academic library system.
BSL occupies antiquated space built in the
1960s. Biosciences research, instruction and
service since then have expanded many-fold, as
in the aquatic/marine sciences and, most
recently, the neurosciences. Thus BSL is now
pushed far beyond its physical limits. Much new
space is needed for continued development of the
print collection and for transfer of the extensive
collection of geosciences, physics and chemistry
materials in the main library on Lower Campus
to the West Ridge where most of their users are
now located. Early results from the user survey
show that 88 percent ofUAF geosciences and 94
percent of biosciences faculty/staff members and

47

graduate students consider the transfer of those
materials 'top priority' or 'fairly important.'
The transfer and consolidation of material
across the sciences is all the more urgent with
increasing research activity in the overlap areas
of the physical and life sciences (Hop field,
2002). Lack of space not only prohibits that. It
is also affecting very seriously the ability of
students and others to use BSL for reading,
study, Internet connectivity and intellectual
interaction, and the ability of the Science
Librarian and his colleagues to provide
information literacy instruction. There are
certain indications that geosciences personnel are
even more in need of the latter than other science
faculty/staff members and students.
While science library physical space on the
West Ridge is severely limited, BSL, as a
component of the main UAF academic library
system, is doing about as well as any science
library could in providing desktop-accessible
online indexes and journal collections, even to
personnel in remote UAF facilities and anywhere
else in the cosmos they have Internet access
(Anderson, 2003, Butler, 1999; Clement, 2000;
Frazier, 2001; Lee, 2002; Llewellyn and others,
2002; Rees, 2002; Reich and Rosenthal, 2002;
Reich, 2002; Schaffner, 2001). These include
the geosciences resources GEOBASE (Elsevier),
GeoRef (AGI), Meteorological and
Geoastrophysical Abstracts (CSA), Physics
Abstracts (INSPEC), the American
Meteorological Society journal collection, and
several others with much overlap into the
geosciences, including Web of Science (lSI)
( www. uaf.edu/library/ onlinedatabases/index.
htrnl).
The user survey is showing that 50 percent
of geosciences personnel and 87 percent of those
in the biosciences are taking at least weekly
advantage of outside-the-library desktop access
to online indexes, journals and other libraryprovided resources . It is expected that use by
geoscientists will increase as personnel in the
Geophysical Institute and International Arctic
Research Center become more aware of the
online resources which their own special library
has been unable or unwilling to provide.
Even with all this desktop access to libraryprovided resources, first results from the user
survey show 79 percent of geosciences personnel
still consider the physical library, as opposed to
the digital or virtual library, a 'very important'
entity. And even with their apparently higher
digital savvy, as many as 81 percent of
biosciences personnel regard the physical library
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'very important.' Most of the rest in both subject
realms consider it 'somewhat important.'
Moreover, 86 and 68 percent, respectively, of
those two broad user groups indicated they
actually use a physical library at least once a
week.
Major UAF research entities distant from
Fairbanks are the Seward Marine Center and
Alaska SeaLife Center in Seward, the Fishery
Industrial Technology Center in Kodiak, the
Palmer Research and Extension Center
(agriculture and forestry), the Juneau Center of
the School of Fisheries and Ocean Sciences, and
the forthcoming new $18 million Lena Point
Fisheries Research Station to be located near
JCSFOS. In these facilities there is substantial
overlap into the geosciences, particularly in
physical oceanography and atmospheric science.
UAF personnel in all locations have access to the
likes of major CSA, NISC and OCLC
FirstSearch index packages, the lSI Web of
Knowledge platfoilll, BioOne, JSTOR, and
journals of the American Meteorological
Society, Elsevier Science, Nature and other
major publishers (Anderson, 2003). UASL will
have a primary responsibility for providing these
as well as print-form information materials in all
distant research facilities, as BSL does now.
Indeed, three have BSL branch physical libraries,
one of which, the Alaska Marine Science Library
in Seward, will have evolved into a world-class
facility, according to current planning, by the
time UASL is functional There is even a
possibility that UASL will have a branch in
Vladivostok as part of a major research
personnel exchange program now evolving
between the UAF School of Fisheries and Ocean
Sciences and the Vitus Bering Laboratory of the
Far Eastern Branch of the Russian Academy of
Sciences.

Ongoing acquisitions of older research materials
in print foilll, as by donation from retiring
faculty members, will add to the continuing need
for physical collection expansion space. The
ideal UASL will provide space for book
collection growth over at least 25 years. By then
books probably will be more widely preferred
online, although comprehensive scientific
treatises and textbooks will still be more
practical in print form.
The UAF sciences personnel user survey is
showing that 79 and 7I percent of geosciences
and biosciences personnel, respectively, consider
books in traditional printed form 'much more' or
' somewhat more ' important than books in digital
form.
The outlook for journals in the sciences is
quite different from that for books (Anderson,
2002; Butler, 1999; Flecker, 200I; Llewellyn
and others, 2002; Martindale, 2003; Rees, 2002;
Shoffner, 2002; Suber, 2002; Worlock, 200I).
While a relatively small portion of books, mostly
lighter-reading titles, will be wanted in digital
foilll, nearly all journals will be in that form and
thereby desktop-accessible. Researchers and
students almost overwhelmingly prefer the
common-sense convenience and economy of
online journals. This preference is widely
reported in the literature and is strongly indicated
in returns from the recent survey ofUAF
geoscientists and many others.
. The ideal UASL will subscribe to journals in
digital form to the extent they are available as
such. Technological advances will soon deal
with the current problem of poor graphics in
printed-out journal articles, particularly those
with subtle color differences. Also, it is
increasingly apparent that the archiving of and
continued access to online journals, including eonly journals per se, will become quite secure
(Carlson, 200I; Flecker, 200I; Lee, 2002;
Llewellyn and others, 2002; Rees, 2002; Reich
and Rosenthal, 2002; Reich, 2002). This
assumption is based on the considerable amount
of attention being given the problem, as by the
LOCKSS initiative based in Stanford University,
SP ARC of the Association of Research
Libraries, and new commercial initiatives such as
that of Elsevier Science aimed at journal
archiving.
It is clear that the amount of space in the
ideal UASL necessary for new journal issues
will be small relative to that for books.
Moreover, the amount of space needed for
backruns of journals will decrease considerably
from that currently needed as more and more

BOOKS AND JOURNALS
According to most of the published thought and
prediction, science librarians see no reason to
assume, with the advent of electronic books, that
the demand for books in print form for teaching
and research purposes will decrease significantly
in the foreseeable future (Anonymous, I999;
Bridges, 200I; Carlson, 200I; Demas and
Scherer, 2002; Hamaker, 2002; Kniffel, 200I;
Mann, 200 I; Negroponte, I996; Schaffner,
200 I). Thus there will continue to be a need for
additional space to accommodate new books.
Even with aggressive selective withdrawals, a
net book collection expansion will continue.
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backruns are digitized and made accessible via
online collections. But as the backruns of some
lower-priority titles will remain only in print
form, space for those will be needed. That is
particularly so because of the importance of
UASL as a major repository for the published,
quasi-published and unpublished scientific
record for Alaska and other high-latitude lands
and seas (Alaska, University of, 2000). The
repository responsibility ofUASL, in
conjunction with that of the Alaska and Polar
Regions Department in the main UAF Library on
Lower Campus, is being strongly endorsed by
the user survey. Seventy-one and 80 percent,
respectively, of geosciences and biosciences
faculty/staff members and students consider this
major science library function 'top priority' or
'quite important. '

OTHER ONLINE RESOURCES AND
SCIENCE INFORMATION LITERACY
Science librarians are well aware that an
increasing amount of literature and various forms
of data for the sciences are being made available
on the Web at no cost to anyone who can find
them there and use them (Clement, 2000;
Goldstein, 2002; Greenstein and Healy, 2002;
Hamaker, 2002; Llewellyn and others, 2002;
Riley, 2002; Schaffner, 2001; Sisson, 2000;
Worlock, 2001). In the ideal UASL, science
librarians will monitor the Web for new data and
information to be reviewed and evaluated in the
context ofresearch and instructional activities in
UAF. Those determined to be of value will be
brought together on a highly organized and
streamlined science library metasite. That will
be a major component ofUASL's provision of
artificial intelligence capabilities, the use of
which will be aggressively promoted through
science information literacy instruction.
The ideal UASL will contain an
electronically replete smart classroom to
optimize convenience for scheduled and
impromptu science information literacy sessions
(Bazillion and Braun, 2001; Crawford, 1999;
Leighton and Weber, 1999; Riggs, 2002; Webb,
2000; Williams, 2002). Online information
resources for the sciences and other subject areas
have become exceedingly numerous, diverse and
variable in quality, and no leveling off of the
trend is in sight. Recent developments of Web
metasites, artificial intelligence capabilities, and
the 'service' of electronic avatars further
complicate the situation. Much professional

attention is being directed toward researchers'
and students' limited inherent abilities to deal
with the ever-increasing hodgepodge.
Instruction, and the enhanced transformation of
online data and information into human
knowledge following from it, will be facilitated
by wireless Internet connectivity in the smart
classroom and throughout UASL's people space.

PEOPLE SPACE
In addition to the 29,000 if of floor space
determined necessary for physical materials,
future expansion and the smart classroom, the
ideal UASL will provide on the order of 5,000 ft2
for library users. The literature is exhaustive on
the value of public, academic and many special
libraries as places, in the traditional physical
sense, for individual reading and study, for
intellectual interactions and group study, for
reference service, and for information literacy
education (Anderson, 2000; Anonymous, 1999;
Bennett, 2001; Bridges, 2001; Crawford, 1999;
Demas and Scherer, 2002; Edelman, 2002;
Hamaker, 2002; Mann, 2001; Riggs, 2002;
Williams, 2002). Most recently the concept of
the library as a campus information commons is
being touted. UASL will be that as well as a
computer lab, enhanced beyond the regular
campus computer lab by its location in an
information service setting. As reported above,
survey results are indicating a preponderance of
science information seekers at UAF consider the
physical library to be still a very important
entity, even with the abundance of desktopaccessible library-provided resources.
Beyond appropriate furnishings, network
connectivity and upfront knowledgeable personal
assistance, the functionality ofUASL will be
much enhanced by its aesthetic qualities
(Crawford, 1999; Demas and Scherer, 2002;
Edelman, 2002; Mann, 2001; Riggs, 2002;
Webb, 2000; Williams, 2002). A proper visual
and sonic environment is essential not only to the
suitability of a library as a place to be and enjoy,
but also to work effectively, without distraction.
The ideal UASL will take advantage of a large
and growing private collection of original
animal- and nature-oriented paintings available
at no cost, as does the present BSL. With those,
UASL will serve incidentally as an art gallery,
and as that will be aesthetically appealing, it will
further promote effective and satisfying
intellectual activity, research and learning.
An important feature of the ideal UASL
visual environment will be the windows in the
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main people spaces. Those will be sensible in
size, placement and number, in stark contrast to
the atrocities in ' fenestration' that architects in
the past have imposed on some UAF buildings.
To preclude future design and architectural
improprieties, the Science Librarian and other
members of the UASL Planning Committee will
interact with architects and engineers from the
time they first become involved. The Committee
will comprise representatives from all
departments, institutes and programs in the UAF
physical and life sciences.
In the ideal UASL special attention will be
devoted to maintaining a conducive sonic
environment, free from the many noises
menacing modem society that are distracting,
sometimes physically damaging, and
psychologically stressful. As just one example,
the UAF campus with its long winters is plagued
by the senseless, intrusive and nerve-wracking
backup beeping of snow removal equipment and
other service vehicles. Such ill-conceived
nonsense will be blocked structurally or masked
by white noise. Internal racket such as electronic
bastardizations of the William Tell Overture by
cell phones will also be held in check.
UASL's internal environment will be greatly
enhanced by a quality-food service. Offerings
will be mostly low-calorie, nutrient-dense foods
uncontaminated by salt, saturated fats and sugary
stuff. Junk food in non-recyclable containers,
the standard fare of commercial vendors, will not
be provided. Of course there will be certain
carefully selected high-quality and tasty fruit-,
grain- and nut-based offerings for young and
lean and older physically fit UASL users and
visitors needing an energy boost.
In the food service area there will be
modest-volume background music of quality, not
the junk music typical of popular eating places.
Works from the Baroque era, for example, are
especially appealing to many scientific minds.
That music will substantially complement the art
gallery aspect ofUASL, although it will be
strictly confmed to the food service area.
UASL will be the primary source of medical
and health information for UAF and the general
community as BSL is now. Thus it will have an
educational mandate to address such problems as
the astonishing prevalence of fatness in library
users, library employees and two thirds of the
US population at 'large' (Martindale, 2003).
According to the popular and technical medical
literature, in some 95 percent of the cases fatness
is, in effect, an irrational personal choice, though
often driven by strong physiological urges. That

' broader' choice is made by frequently choosing
excessive amounts of junk food instead of
sensible amounts of healthful food . As such, the
consequential disorders hypertension, diabetes,
cardiovascular diseases and mental as well as
physical and emotional deterioration are also
personal choices. Those choices are not
compatible with scientific principles, values and
knowledge. The ideal UASL will provide
materials, instruction and services, including
appropriate food services, to enhance individual
perceptions of those principles and values and
their application to personal health, happiness
and general functionality as learners, researchers
and admirable humans.
The junk food and drink situation is
exacerbated by the enormous waste, as well as
' waist,' and the omnipresent litter resulting from
the use of non-recyclable containers for almost
every item offered. In UASL, those taking
advantage of the quality-food service will be
inspired to provide their own simple reusable
containers or to return containers to the service
for cleaning and reuse.
The mandate to deal with fatness and other
unhealthy behaviors is compelled by the
somewhat philosophical concept of scientism
which will be promoted by UASL. Scientism is
defmed by Michael Shermer (Shermer, 2002) as
' ... a scientific world view that encompasses
natural explanations for all phenomena, eschews
supernatural and paranormal speculations, and
embraces empiricism and reason as the twin
pillars of a philosophy of life appropriate for an
Age of Science.' Empiricism and reason imply
rational and objective thought and action, in
personal diet and physical activity choices as
well as most of the other ways humans can best
enjoy their short lives (Anderson, 2003 ; Bush,
2002; Tudge, 2001). Objectivity and reason are
essential for dealing with the urges that lead to
stupid food choices and fatness. Beyond that,
and more to the primary purpose ofUASL, they
are fundamental to the highest quality and most
meaningful research, instruction and service
concerning all natural and apparently natural
phenomena.

EXTERNAL DESIGN AND LOCATION
Academic libraries are widely recognized as
physical as well as intellectual hubs of their
campuses (Demas and Scherer, 2002; Leighton
and Weber, 1999; Riggs, 2002; Webb, 2000).
As such it is optimally obvious that they are 'the'
places for accessing, evaluating and using much
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of the information needed by students,
researchers and the simply curious, and for
various other learning, intellectual and lifeenhancing involvements.
The ideal UASL will not need to be
cathedralesque or otherwise monumental
architecturally. But it will be centrally located,
readily recognizable, reasonably attractive
visually, and inviting in appearance within the
complex of research buildings on the West
Ridge. It will have all-weather connections to
those buildings, an adaptation to the long cold
and snowy winters which will further enhance
UASL' s appeal as a physical, intellectual,
aesthetic and perhaps even a spiritual place to be.
It is interesting that only 43 percent of
geosciences user survey respondents appear to
consider architecture and appearance ofUASL to
be of 'top priority' or 'fairly important.' On the
other hand, 78 percent ofbiosciences personnel
emphasized the importance of those attributes.
One wonders whether this divergence implies
some major difference in the aesthetic
perceptions between individuals in these two
broad subject areas. Also, considering the other
preliminary survey results reported here, one
wonders whether geosciences personnel are
naturally slower to take advantage of new
technologies in science information management
and service. It appears that more aggressive
promotion of science information literacy in that
subject realm is in order, an effort that will be
substantially facilitated by the West Ridge
presence of a properly configured, equipped and
staffed UASL.
A most important building in the West
Ridge complex will be the UAF Museum
(www.uaf.edu/museurnlindex2.htrnl). That
already has the largest natural history collection
in the State, is one of the largest Alaska
museums physically, is a top State-wide visitor
attraction, and is now undergoing an enormous
expansion. UASL will be a major complement
to the Museum, not only as an information
source for its many researchers but also as an
appealing visitor destination. There will be
much in UASL with which visitors can enhance
their knowledge of phenomena represented in
Museum displays.
In many cases it is not necessary to construct
a wholly new building to accommodate a new
library. Sometimes it's feasible to renovate or
add on to an existing structure. Such a
possibility exists for the ideal UASL in the form
of a building which might be mostly vacated
when a very large, world-class, $70 million geo-
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and bioinformatics building, now in the
advanced planning stage, is finished in 2007 as
the newest member of the West Ridge complex.
Obviously the additional and very progressive
research and instruction that facility will
accommodate adds to the urgency that a
physically connected or nearby UASL be fully
functional as close to 2007 as possible.
For its new use as UASL, the existing
building has the advantage of being centrally
located and situated somewhat higher and more
imposingly than the surrounding buildings, and
its internal space, on three floors, is
approximately that determined necessary for the
ideal UASL. Unfortunately the existing
structure, the O'Neill Building, is quite ugly, and
its internal configuration is highly unsuitable for
a science library. Renovation, therefore, will be
costly. But the drive for funding will be
substantially compelled by the ongoing evolution
and promotion of a comprehensive, published
and appealing vision ofUASL, an academic
science library fully adapted to the digital
information age, the Age of Science and the
current and future needs of its users and
institution.
The drive for funding is further compelled
by the importance UAF scientists and students
are placing on UASL, as is being indicated in the
user survey. As many as 85 percent of
geosciences personnel and 97 percent of life
sciences faculty/staff members and graduate
students consider the need for UASL to be at
least as great as that for certain other new science
facilities. Indeed, 78 percent of total respondents
rank the need as 'top priority' (46 percent) or
'fairly high priority' (32 percent). Thus the UAF
Science Librarian, with responsibilities as
primary promoter as well as 'envisioner' of
UASL, has a great deal of extremely interesting
and compelling work ahead of him over the next
few years.
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POSSIBLE IMPACTS OF HIGH-DENSITY STORAGE ON
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Abstract - The Library at the University of Illinois at Urbana-Champaign (UIUC) consists of 42 separate
units distributed across campus. The main library stacks and many of the units are filled well beyond
capacity. To address the lack of shelf space, a new high-density storage/shelving facility will soon be
constructed, and library staff members are currently selecting volumes to be moved as soon as the facility is
completed. The first phase of the facility will hold approximately 1.8 million volumes. Most of the material
being selected consists of lesser used serials and monographs. Much of the cataloging for the material
currently consists of only brief (author/title access) MARC records (locally called MARCette records)
making it difficult for patrons to discover and access the material. The MARC records of the selected
material will be upgraded whenever possible. The Library also migrated to a new online catalog in summer
of 2002, and the new system allows shelf-list browsing, a capability lacking in the former system. This
paper examines the various factors related to high-density storage, both negative and positive, that may
impact the geoscience collections at UIUC, including the ability of patrons to discover and access
materials.
KEY WORDS: high-density storage; remote storage; remote shelving; libraries; collections; facilities

INTRODUCTION
The Library at the University of Illinois at
Urbana-Champaign (UIUC) is noted for its
sizeable collections, which are housed in main
stacks and in 42 separate units distributed across
campus. According to Association of Research
Libraries (ARL) statistics, the library holdings
for UIUC rank first among public universities in
the United States of America and third over-all
after Harvard and Yale <http://fisher.lib.
virginia.edu/cgi-locaVarlbinlarl.cgi>. Holdings
for the entire library system are approximately
11 million volume equivalents (21 million items
including 9.5 million volumes) (UIUC Library,
2000). A space shortage problem has continued
to increase for a number of years until now, with
the exception of several newer libraries, the 85%
fill capacity for shelving has been surpassed. The
Main Library stacks and several departmental
libraries have exceeded 100% capacity. Books
are stacked in the aisles and in boxes on top of
shelves or in closets. In addition, the growth rate

is expected to be one million volume equivalents
each 11 years, even in this electronic era. Stacks
in the older portion of the Main Library lack
environmental control. "It is not unusual in the
summer for the first four Bookstack additions to
reach a temperature of 80 degrees Fahrenheit
with 70 percent humidity .. . "(UIUC Library,
1995, p. 5). Many volumes are extremely brittle,
and those in the old portion of the Main Library
stacks are in danger of deterioration. Until
recently the UIUC Library had been without a
preservation/conservation officer for a number of
years, and very little funds were available for
preservation/conservation. Recently two faculty
members have been hired in the area of
preservation and conservation, and a $1 million
grant has been received to build a
preservation/conservation program (UI News
Bureau, 2002).
The Geology Library, housed in the UIUC
Natural History Building, contains
approximately 104,700 volumes. In addition,
there is a collection of approximately 77,700
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cartographic items including geologic and
topographic maps and atlases. More than 90,000
lesser-used volumes related to geology are
located in the stacks of the Main Library. An
exceptional collection of rare and early
geological literature is housed in the Rare Book
Room in the Main Library. This past year the
critical shortage of space in the Geology Library
was addressed by replacing several rarely used
study carrels with shelving, and by temporarily
laying serials volumes on their spines. Even so,
there is essentially no shelf space left in the
Geology Library, and there is a moratorium on
transferring material to the Main stacks due to
lack of space there.

THE IDGH-DENSITY STORAGE/
SHELVING FACILITY

IDSTORY OF THE STORAGE
PROJECT
The last addition to the Main Library occurred in
1984 (Shelburne, 2002). Projections indicated
that a new addition would be needed by 1989.
Approval was never granted for another addition.
When University Librarian, Paula Kaufman
arrived in 1999, fmding a solution to the
shortage of library shelf space immediately
became a high priority. It also was immediately
apparent that a new addition on the existing
Main Library building was not currently an
option. A new addition would cost
approximately $30,000,000 or about $10 per
book, and would not be an efficient use of
university dollars. A high-density storage facility
was estimated to cost about $1.50 per book.
In fall of2000, the University Librarian
approached the campus administration regarding
the need for more library shelf space, and
pointed out the books on aisle floors during a
tour of the Main Library. The Provost agreed that
storage for library materials was needed. Plans
were developed to build a remote, high-density
storage facility in phases. The 5.5 million dollars
needed for Phase One will be shared by the
Library and the Provost. The project encountered
easement problems early on, including the
necessity to move a major powerline, and also
the need to shrink the footprint of the facility to
accommodate setback of a sidewalk from the city
street. Also, although the university possesses
the railroad right-of-way, there are regulations
governing how close a building can be to the
railroad. Although delays have occurred, the
project continues to be scheduled for a winter,
2003 ground breaking.
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The high-density storage facility, which will be
called a shelving facility, will be located
approximately 8 blocks from the Main Library.
Details of the facility are on the Web site:
<http://www.library.uiuc.edu/adrninistration/plan
ningbudget/storage/default.htrn>. The
approximately 40,000 square feet of Phase One
will house approximately 1.8 million volumes.
With future expansions, the facility could
ultimately house up to 6,800,000 volumes.
Completion of the facility is expected in fall of
2003 .
The site for the new facility is 50,000 square
feet. It is bordered on one side by railroad tracks,
and on the other by a city street. Original plans
called for construction in modules approximately
150ft. x 50 ft. x 40ft. high to accommodate 2
million volumes per module. Because of
requirements for setback from the street, fifteen
feet were lost on the street side, and plans for the
first module were modified to 150 ft. x 50 ft. x
45 ft. , which will provide space for 1.8 million
volumes. Constant temperature and climate
control will be maintained by a
heating/ventilation/air conditioning (HVAC)
system. The initial module will also include an
area for staff and users, and also preservation and
grant space. The first module will include
approximately 10,000 square feet for highdensity storage, 3,000 square feet for storage
maintenance, 1,000 square feet for grant project
space, 800 square feet for a reading room, 200
square feet for the lobby, and on the second floor
5,000 square feet for preservation/conservation
activities. Climate control for storage vs.
staff/public areas will be separate. Plans include
a security alarm system, elevator, and staircase.
Windows and fire protection system will be in
keeping with the needs of this type of facility.
Shelving will be 40 feet high. Units will be 54
inches x 36 inches and double sided. Material
trays and boxes will have a capacity of 180
volumes per one-foot shelf. Materials will be
retrieved with a man-aboard order-picker, which
requires an isle width of 66 inches and 15 feet of
maneuvering space at the end of each aisle.
The goal is initially to have 700,000
volumes from Main Library stacks selected and
ready to move when the fust phase of the facility
is completed in fall of2003. The materials
selection process began in fall of 2001 and
continues. A portion of the materials selected for
transfer to the new facility will be processed and
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stored in a transitional facility, which will offer
some relief to overcrowding in the Main Library
stacks and departmental libraries. It will also
provide the opportunity to test the shelving and
inventory software. The library plans to use
Library Archival System software from
Generation Fifth Applications. This software will
searnlessly interface with the online catalog so
that users can request items from the
storage/shelving facility via the online catalog.
Transfer to the transitional facility should begin
fall 2002. Preparation for transfer to the
transitional facility includes upgrading all brief
bibliographic records to full records and
complete holding lines in the online catalog. In
addition, all items will be barcoded and barcode
numbers will be linked to the holding line in the
online catalog. All items will be in the best
possible physical condition. If they cannot be
mended or rebound, they will be boxed in acidfree containers.
Turn-around time for delivery of the
materials is expected to be 24 hours, excluding
weekends and holidays. Although most users are
expected to request delivery of items, they can
also elect to pick up materials at the facility or
use them on site. A limited amount of parking
will be available at the facility and the
Champaign-Urbana area has an excellent masstransit system.

SELECTION OF MATERIALS TO BE
MOVED
In order to facilitate selection of the 700,000

volumes to be moved from the Main Library
stacks, subject librarians were assigned ranges of
Dewey call numbers roughly within their areas
of expertise. No quotas were assigned, and it was
up to the individual subject librarians to develop
a selection strategy. Some individual librarians
were more resistant to transferring materials
from the Main Library than others due to the
types of users they serve and the different needs
of the various disciplines. Also, the Main Library
stacks serve as the stacks for some small
departmental libraries that are housed in the
Main Library.
The geology librarian was assigned the
Dewey classifications 550s and 560s. This
consisted of approximately 6,570 feet of shelves
in the newer, climate controlled compact
shelving area of the Main Library, and
approximately I ,630 feet of shelves in the older
section that does not have climate control. The
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volumes in the older section were all quartos
(greater than 29 em in height) and folios (greater
than 42 em). Most of the geological material in
the Main Library had been transferred from the
Geology Library during past years because of
infrequent use.
Seeds (2000) has discussed various options
for selecting materials for remote library storage
and their impacts on information consumers.
Selection criteria discussed by Seeds include
duplicate copies, relative low use, age of
materials, foreign language, lack of indexing,
poor physical condition, ceased and canceled
serial titles, and material peripheral to primary
clientele. A synchronous citation study by
Ackerson (200 I) examined whether scientists
tend to use the older rather than the newer
literature of related disciplines, as had been
found in older studies. Ackerson (2000, p.74)
found that " .. .physical chemists cite physics
articles that are of comparable age to those of
chemistry .. .Therefore, storage decisions
regarding physics journals need not be
contingent on users from related disciplines".
Although ongoing, the initial stage for selection
of materials for storage at UIUC was short,
prohibiting any strategy employing an intensive
analysis of the collection.
The following strategy was developed for
selection of geological materials to be transferred
from the Main Library to the new facility. The
two areas, newer compact shelving vs. older,
were handled with different strategies; however,
close to zero circulation was the primary
consideration in each case. A strategy was
employed in the compact shelving area to select
nearly zero-circulation volumes equaling
approximately I2% of the shelving space, which
translated to 789 feet in the 550s through 560s
range. Since there were constraints on the
amount of time that could be devoted to the
project, the decision was made to concentrate on
selection of seldom used serials since a larger
number of volumes could be selected in a given
amount of time than for monographs.
The geology subject librarian, with the help
of a library graduate student, physically
examined each serial title in the Main Library in
that range for circulation information by
counting date-due stamps. A local database of
never or rarely circulated serials was created
from this list. Information included title, call
number, years, volumes, number of pieces,
number of shelf-feet, language, condition of
material, and number of circulations. The
database was subsequently used to select
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volumes equaling roughly 12% of the shelf
footage per range. Since all the material in the
database had already been selected due to low
use, other selection criteria included foreign
language (especially Slavic languages) series
having a large number of volumes, duplicate
copies, and/or poor condition. Each selected title
was double-checked in the catalog for title
changes, availability of online versions, and any
consideration that might influence the decision to
transfer the material. Selection was held at 12%
to maximize the amount of material remaining in
Main Library stacks and available for browsing.
The database will be used for future selection of
materials for high-density storage/shelving as the
collection grows.
The strategy of selection was different for
materials in the older area of stacks without
climate control. This area is extremely crowded,
with many volumes stacked in the aisles on the
floor. Much of the material is also old and
fragile . It was determined that this material
would be much better off in a clean, climate
controlled area. Nearly all of the serials in this
area were selected for transfer.
In late spring, 2002, the selection process for
most areas of the Main stacks was short of goals
and proceeding too slow to meet deadlines. The
decision was made that all monographs in Main
stacks showing no circulation for the past 20
years would be selected for transfer. (Subject
librarians also had the option to use the criterion
of no circulation for the past 10 years.) During
summer 2002, approximately 60 student library
workers streamered any monographs meeting
this criterion. Subject librarians could
subsequently examine the streamered volumes,
and deselect any volumes as long as an equal
number were substituted. This process brought
the number of selected volumes to 559,280
volumes, just 140,720 short of the 700,000
volume goal. In the Dewey 550s and 560s, 488
serials titles were selected for transfer. During
the summer monographs selection project
approximately 11,800 monographs in the Dewey
550s and 560s were designated for transfer.
Since total volume counts are an important
library statistic, most materials were designated
for transfer to the storage/shelving facility rather
than being weeded.

collection, elimination of browseability and
serendipitous discovery, inconvenience to
clientele and reduced productivity of researchers,
undermined quality of scholarship, impeded
educational experience, and hindered reference
service. A comparison of pre-storage and poststorage circulation at the University of Akron
Science and Technology Library indicated a
dramatic decrease in use of materials removed to
storage (Hill, et al, 2000). Some of these possible
impacts are rendered moot for the geological
material at UIUC since the material being sent to
the high-density storage facility has already been
in storage of sorts and remote from primary
clientele. Nevertheless, removal of materials to
remote, high-density storage may have several
different impacts on the geoscience collection at
UIUC, both negative and positive. From the
standpoint of user access, one positive outcome
will be better bibliographic control. Much of the
cataloging for the material being considered for
remote storage currently consists of only brief
(author/title access) MARC records (locally
called MARCette records) making it difficult for
patrons to discover and access the material. The
MARC records of the selected material will be
upgraded whenever possible. UIUC was recently
awarded a grant from the Mellon Foundation in
the amount of $1 million for retrospective
conversion (Kaufman, 2002). The award,
together with a $150,000 grant from the Illinois
State Library, will enable conversion of the 1.6
million brief MARC records into full MARC
records, starting with the material being
transferred to storage. It is expected that
conversion to full records will enhance access to
the collection and offset some of the
disadvantages brought about by loss of browsing
capability for materials sent to high-density
storage. It may also result in increased
circulation.
Another factor that may offset the loss of
browsing capability of the physical material is
related to features of the new online catalog
system that was introduced in August 2002.
Unlike the former online catalog system at
UIUC, the new system offers the capability of
browsing by call number.
An additional positive factor is the inventory
component of the storage facility. Currently, it is
difficult to be certain that a particular item is
actually on the shelf when the online catalog
shows it as "available". With such a large
collection, items may be missing from the proper
location for any number of reasons including
incorrect shelving. With the inventory

PREDICTIONS OF IMPACT AT UIUC
Seeds (2000) has discussed possible physical and
intellectual impacts of removing materials to
storage facilities including disassembly of the
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component, there is a high probability that an
item in storage will be located as indicated.
Other positive factors already mentioned include
enhanced preservation and conservation of the
materials being transferred to storage.
On the negative side, there will be less
physical access to the materials. This actually
may not have much impact on the users. The
geoscience material in the Main Library is
already "in storage" of sorts. It was moved to the
Main Library because of relatively low use.
Main Library stacks are closed to undergraduate
students and therefore, there should be no
negative effect for them when materials are
moved to high-density storage. In either case,
undergraduates will request the materials that
will be retrieved for them. Conversations with
geology faculty indicate no strong concerns
about service from the storage/shelving facility.
Most of the faculty members already have
materials from the Main Library stacks delivered
to the Geology Library or to their offices through
campus mail. A few send graduate students to
the Main Library to pick up materials.
One factor that may lower teaching faculty
resistance to remote storage is the increasing use
of journals in electronic format. Jaguszewski and
Probst (2000) have discussed the impact of
electronic resources on remote storage decisions.
Johns (2001) described a grant-funded project at
the University of California to relocate print
journals to remote storage when electronic
versions were available. Chrzastowski (2003)
has discussed the transition from print to
electronic serial collections in the Chemistry
Library at UIUC. The administrative chemistry
faculty proposed a "new model" chemistry
library in which primary access to journals will
be electronic. "Print journals will continue to be
purchased and archived unbound in a remote
storage facility following unbound display and
access for twelve months" . A feasibility study
and survey of chemistry faculty supported the
model. Although publishers of geology journals
have been slower to convert to electronic format,
the pace of conversion is increasing. For
example, several societies including the
American Association of Petroleum Geologists
(AAPG), the Geological Society of America
(GSA), and the Society of Exploration
Geophysicists (SEG) are currently collaborating
to create an aggregate online journal (Noga,
2002). In the near future it should be possible for
the Geology Library at UIUC to follow the
Chemistry Library's "new model". Geology
faculty members have had favorable reactions to
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electronic format, and it is likely that they would
approve of the new model.
The possible impact of using non-English
language as a criterion for selection is unclear at
this time. On one hand, the material was least
likely to be used, based on examination of
circulations, and a similar future use pattern is to
be expected. On the other hand, when physically
browsing the non-English language material, the
ability to examine illustrations and headings
might generate some use, which would be lost by
lack of physical browsing ability in high-density
storage. Indexing is a related issue. If the serials
that are removed to storage are fully represented
in common electronic indexes, remote storage
should have little detrimental effect on access.
However, storage of older and non-English
journals without adequate indexing will likely
hinder access.
There is a potential for impact on
Interlibrary Loan at UIUC. Improved
bibliographic control of the material transferred
to storage will result in much better access by
remotely located individuals. Increased
awareness of the material could have an impact
on the workflow of Interlibrary Loan staff, the
staff at the storage facility, and might ultimately
result in relocation of some high-use material
back to the Main stacks.
The implications for preservation present a
"Sophie's Choice" of sorts (Seeds, 2000). The
material that is transferred to remote storage
partly for preservation reasons (old, fragile,
brittle material that will be better off in a
climate-controlled environment) will have
upgraded cataloging. The enhanced catalog
records may result in greater awareness and
therefore increased use. The increased use might
accelerate degradation of the material, thus
defeating the purpose of removing it to storage.
At some point, when all of the brief records have
been upgraded to full cataloging, this point will
be moot because bibliographic access to all
materials will be equal whether in storage or in
regular stacks.
All of these various factors will likely
interact to affect usage, making it difficult to
predict whether the ultimate outcome will be
more use or less use of the materials transferred
to remote storage, and any one of the factors
could create a ripple effect. For example, transfer
of seldom-used material reduces the chance that
it will be discovered by physical browsing,
thereby reducing use further. On the other hand,
upgraded catalog records could increase use,
thereby impacting Interlibrary Loan workload. If
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the items were subsequently cited in the
literature, that would also increase use. If
unacceptably high use rates are found, the
material will need to be moved back to Main
stacks.

evaluated. A two percent or less circulation rate
of the transferred material is considered
acceptable (Clark, 2002), and can be monitored
with circulation reports and Interlibrary Loan
reporting. Other input to be considered includes
patron complaints and feedback. Very little, if
any, impact is expected for Geology Library
patrons since the material being transferred had
already been moved to a remote location due to
relatively low use, and users are accustomed to
having materials delivered to their offices or the
Geology Library from the Main Library stacks.
The main inconvenience to users may be more
difficulty in confirming old, incomplete and/or
erroneous citations by quickly browsing a serial
set to match year, volume, and page numbers.
Decisions concerning deselection of material
from the high-density facility should depend
only partly on circulation numbers. Other
considerations are the possible reasons for the
circulation. Is the use by one person working on
a research topic for a limited time, or is the
material being used regularly by a number of
individuals? Are the circulations due to
Interlibrary Loan requests? Ifthere are duplicate
copies in various places, what should be the
policy of Interlibrary Loan concerning which
copies to loan? How can circulation patterns of
the material in remote storage be projected into
the future? If the material is fragile and is
experiencing higher than anticipated circulation,
should the items be moved back to regular
stacks, or is it possible and practical to purchase
a duplicate copy for stacks or to make the
material available in digital form? As Block
(2000) has pointed out, high-density, remote
storage is becoming common place, however the
debate regarding selection strategies and the
impacts of remote storage continues. The
comparative effectiveness of a quickly conceived
selection strategy at UIUC remains to be seen.
Methods of evaluation and deselection from
remote storage will develop as the project
proceeds.

SUMMARY AND CONCLUSIONS
Many large universities have built, or are
building high-density, remote library
storage/shelving facilities. The high-density
storage facility built by Harvard in the late 1980s
has been replicated in more than thirty states
(Fry, 2000). Block (2000) has written a thought
provoking article on the history of remote
storage for libraries. Descriptions and discussion
of remote storage facilities in the literature
include the University of California Southern
Regional Library Facility (Bellanti, 1992),
University of Michigan (Lougee, 1992), and the
PASCAL facility in Colorado (Fry, 2000), and
many more can be found on the World Wide
Web. Remote high-density storage is still
evolving. Researchers at Johns Hopkins
University are working on a system (the
Comprehensive Access to Printed Materials
project) that will use robots to locate, retrieve,
and scan specific pages of books of interest to
users (Bhattacharjee, 2002). The digital content
will then be delivered to users over the Internet.
In addition, users will be able to "browse" the
material through the use of a Web interface.
Such systems will certainly change the face of
libraries and storage when they become
affordable.
UIUC is an interesting case due to the nearly
simultaneous projects to migrate to a new online
catalog system with the ability to browse by call
number, to build the remote storage facility, and
to upgrade catalog records for the selected
materials. The interaction of these factors along
with a short time span in which to consider
selection strategies make it difficult to predict
impacts on users, library staff, and materials.
Intuitively, the removal of items to high-density
storage would be expected to reduce already low
circulation however, in the case ofUIUC, the
enhanced cataloging may have the reverse effect.
Harvard experienced a rise in retrieval percent
over time, possibly due to transferring materials
in slightly higher demand and/or the
implementation of patron-initiated service via the
online catalog (Kendrick, 1999). The question
remains if the various selection strategies
employed will result in an acceptable outcome at
UIUC, and how those decisions will be

Joseph
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BRINGING INFORMATION & TECHNOLOGICAL LITERACY TO
GEOSCIENCE STUDENTS USING THE ACRL STANDARDS
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Abstract - Information literacy (IL) is the set of skills that enable a person to fmd, evaluate, and use
information. IL is related to, but differs from Technological Literacy (TL) in that TL is the set of skills
required to understand and use technology rather than information. In the present information environment
both skills go hand in hand, are critical to the geosciences, and are challenging to teach. Factors such as
diversity of information types, variable student background, financial restrictions, and time constraints all
must be addressed. Most geoscience courses include work that implicitly addresses some IL & TL issues.
However, it is worthwhile to explicitly include these as part of the curriculum. We introduce a method to
help instructors incorporate IL into the classroom experience, along with TL. The Association of College
and Research Libraries has developed Information Literacy Standards for Higher Education, which can be
used to assess an individual's level of information literacy. According to these standards, an information
literate student is one who: I) Determines the nature and extent of the information needed, 2) Accesses
needed information effectively and efficiently, 3) Evaluates information and its sources critically and
incorporates selected information into his or her knowledge base and value system, 4) Individually or as a
member of a group, uses information effectively to accomplish a specific purpose, 5) Understands many of
the economic, legal, and social issues surrounding the use of information and access and uses information
ethically and legally.
An example assignment mapped to the ACRL standards shows the way this can be carried out.
Implementation ofiL & TL into the classroom can be done relatively easily by the instructor, and provides
both immediate and long-term benefits to the student.
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AN INNOVATIVE USE OF GEOSCIENCE IN MASS MEDIA:
GEOLOGIC TELEVISION AND NORTH TEXAS
Devin P. Dennie
Explore Multimedia Inc.
195 F. M. 3039
Combine TX 75159
dpdennie@hotmail.com

Abstract- Television is a mass medium that reaches millions of viewers worldwide each day. The recent
skyrocketing growth in the popularity and expansion of specialized science, history, and outdoor
recreational/travel programming networks on national cable and satellite television has helped create
opportunities for geoscience-specific and geoscience-integrating television projects on national, regional
and local scales in both broadcast and cable television.
Explore America, a new nonprofit organization based out of Arlington Texas, produces and distributes
a geoscience-oriented education and outdoor recreation/travel cable television show for the Dallas-Fort
Worth region. Mixing travel and science, the show integrates local travel and tourism with accurate and
timely educational topics in various fields such as geology, geography, zoology and other topics in natural
and geologic history. Hosted by an actual geologist, and with input from the professional and academic
geoscience community, the result is a viewer friendly, accessible, entertaining, and inviting look at the
"stories in the backyards ofNorth Texas". The show, entitled "North Texas Explorer", and it's companion
website, Outdoorflix.com, have proven to offer a unique service as an outlet for geoscience within the
Dallas-Fort Worth and regional Texas community.
Revised Abstract (2003)- The recent growth in the popularity of science, history, and outdoor
programming on commercial television networks has helped create opportunities for geoscience television
projects on national and regional scales in both broadcast and cable commercial television. "North Texas
Explorer", a geoscience-oriented educational and outdoor travel/recreation television show hopes to utilize
this opportunity to bring geology to the general public. A mix of travel and science, the show integrates
regional tourism with accurate and timely educational topics in various fields such as geology, geography,
zoology and others. NTE is hosted and produced by earth scientists, and with input from the professional
and academic geoscience community, the result is a viewer friendly, entertaining, and inviting look at the
"stories within the backyards ofNorth Texas". The show, its upcoming national version, and it's companion
website Outdoorflix.com, together prove to offer a unique service as an outlet for geoscience in Texas and
beyond.

GEOLOGY IN TELEVISION
The realm of educational television has in recent
years grown rapidly, with the recent increase in
programming availability through expanding
satellite and cable infrastructure. Growing
numbers of both adult and child-oriented
educational programming can be readily seen on
a variety of outlets covering a host of topics.
Accounting for 80% of educational viewership,
(CTAB, 2003) cable television affiliates have
expanded the understanding of what educational
television might eventually become, from the
crafted documentaries of previous decades to the

more entertaining and fast-paced "reality" -based
shows on modern cable affiliates.
According to the Federal Communications
Commission, during the 2002-2003 viewing
season, over 106.7 million viewers tuned in and
turned on some form of television (FCC, 2003).
Of that number, over 90 million homes now have
some form of multi-channel cable or satellite
service providing a multitude of viewing
opportunities. (Neilson, 2003) These offerings
include a variety of channels that claim to be
oriented towards education in a variety of areas
of interest. Today, these channels reach a global
audience of 330 million homes in 32 languages
and 154 countries and territories. (Neilson, 2003)
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The role of geoscience in most programming
of these remains limited, and maintains a rather
peripheral to inconsequential role in the
development of commercial programming.
Geology is still considered too difficult or
"heady" a topic for entertainment television in
most industry circles. Geology's sellable topics
cluster in several major areas deemed "publicly
consumable" by the media industry, such as
dinosaurs and vertebrate paleontology, volcanoes
and earthquakes, etc.
The previous difficulty has been how to
address general applications of geoscience in
television for general audiences. Topics within
the geosciences, such as stratigraphy and
sedimentology, hydrology, geophysics, etc., each
affect the daily lives of the general viewing
public but normally go sight unseen. Many
topics that are deemed to require some sort of
previous educational background to understand
are often slighted, since many television
producers and writers have limited knowledge of
geoscience in the pre-production aspects of
creating the content for their programming.

landmarks such as zoos and wildlife refuges
throughout the region. Each location is used as a
backdrop to educate the viewer in an appropriate
topic in natural and earth science or local history.
~addition to these public places we seek to
delve irlto the science of the local viewers own
backyards; explaining the significance of creeks,
rivers, hills and rock outcrops "in play" within
their own lives.
A secondary goal ofNTE is to create a
public vocabulary for a better understanding of
geoscience fundamentals . Many public viewers
lack the proper framework by which to
appreciate why geoscience is such an important
topic worth understanding. By engaging the
public in a more entertaining and educational
format, the viewer is brought into the realm of
geoscience gingerly but effectively, slowly
absorbing bits and pieces of the necessary
technical vocabulary, in small chunks as to fit the
requirement that the programming meet the
general attention spans of viewers.
The level of informal geoscience education
supported by programming like "North Texas
Explorer" or its new companion "American
Explorer" is highly equitable to that a travelling
family might experience on a summer vacation.
On a visit to national landmarks such as
Monument Valley, the Grand Canyon, or
Yellowstone, numerous museum exhibits and
roadside attractions offer glimpses of geoscience
at work to common Americans. An informative
sign is read, a long lost brain cell fires and
perhaps, another piece of understanding of a
geoscience concept might be planted.
Another example of our geoscienceintegration at work involved a 2002 trip to the
local MLB Texas Rangers baseball stadium, the
Ballpark in Arlington, in which the rocks utilized
in the structure's architecture were used for a
discussion of the geology of their parent
formations . By linking baseball and geology, we
create a meaningful relationship between rocks
and people's lives and interests, thus sparking
further interest in the topic.
The hypothesis represented by EMI is that
with the proliferation of both science, history and
travel television programming on modern cable
networks, there is no reason that family cannot
take a casual television roadside geology tour
each and every week. As a supplement to more
formal education and a generator of mterest
amon-gst adults and children alike, EMI hopes to
fill this much needed niche in geoscience
education.

A NEW MODEL FOR GEOSCIENCE
TELEVISION
As a result of the lack of a true television forum
for basic geoscience in popular entertainment
television, a new project is underway by the
start-up Explorer Multimedia, Inc. (EMI)
company based out of the Dallas, Texas area.
The initial regional offering, entitled "North
Texas Explorer"(NTE), is a 30-minute natural
science and history-based travel entertainment
program which began full time production in
1999.
Organized as a educational nonprofit
corporation, EMI seeks through it's mission
statement to " ... promote natural science, history
and cultural education using multimedia vehicles
to develop an awareness of the landscape,
geologically and archaeologically, and such
other educational goals as may be established
from time to time." EMI seeks to use commercial
networks as a springboard for its educational
activities to gain a more diverse community of
v1ewers.
The primary goal with "North Texas
Explorer" was to invite local Dallas-Fort Worth
viewers on a half-hour exploration of the
landscapes of North Texas. The show visits areas
of educationally significant tourist or travel
appeal, outdoor recreation, or popular area
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THE FUTURE OF INFORMAL
GEOSCIENCE TELEVISION
"North Texas Explorer" began as a collaboration
between media students attending the University
of North Texas in Denton, TX, and geology
students from the Texas Christian University
Dept. of Geology in Fort Worth, Texas. The
show, funded on a shoestring budget, produced
three seasons of preliminary episodes on subjects
ranging from rhinos to rocks all across the Lone
Star State. In 2001 , EMI was formed to support
the development of the through first broadcast
quality season of"North Texas Explorer".
EMI was formed in 2002 to seek funding to
continue to underwrite and develop informal
geoscience educational programming that is
accessible to viewers of all ages and education
levels. EMI is currently in production on Season
2 of"North Texas Explorer" and Season 1 of its

first national offering, "American Explorer",
slated to be aired initially on affiliates of the
independent Urban America Television Network
and other broadcast and cable outlets nationwide.
For more information about our
programming, please contact Devin Dennie at
dpdennie@hotmail.com, or visit our website
http://www .explorermultimedia. org.
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PART II. GSA POSTER SESSIONS:
GEOSCIENCE INFORMATION

Colorado Front Range of the Rocky Mountains, used with permission© B. Batterman.
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DIGITAL LIBRARIES AS A VISUAL TOOL FOR ENHANCING
THE SCIENCE EDUCATION EXPERIENCES OF DEAF AND
HARD-OF-HEARING LEARNERS
Jennifer M. Mangan
Digital Library for Earth Systems Education
National Center for Atmospheric Research
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mangan@ucar.edu

Abstract- Low academic achievement by deaf and hard-of-hearing K-12 students is well known by
educators. Compounding this problem is the fact that fewer than 36 percent of teachers responsible for
science education of deaf and hard-of-hearing students are certified to teach science. Increasing the
academic achievement of deaf and hard-of-hearing students in science requires that both students and
teachers have access to accurate, up-to-date information. Further, research has demonstrated that deaf and
hard-of-hearing students fare better in the classroom when active, interactive, and participative teaching
techniques are used. A digital library such as DLESE can assist deaf and hard-of-hearing students and their
teachers by providing both a participatory environment and accurate scientific information.
A group of deaf and hard-of-hearing middle school students test-piloted the DLESE web site at the
DLESE Program Center. The students searched for topics related to what they were studying in their
science class. They were highly engaged in the activity, and what they chose to print most often were
visuals and images from the web pages of interest that they found. Their teacher reported that the students
voluntarily went back to the DLESE web site at school to do further research. An advantage of a web
environment such as DLESE for deaf and hard-of-hearing learners is that students do not have to
continually refocus their attention from teacher to lesson, since the students get all of their information
visually. DLESE is an ideal environment to engage deaf and hard-of-hearing students in guiding their own
learning and developing an enthusiasm for science.
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DEVELOPING INFORMATION LITERACY SKILLS OF UNDERGRADUATE
GEOLOGY MAJORS: COMPLEMENTARY ASSIGNMENTS INVOLVING
GEOSCIENTIST-LIBRARIAN TEAMS
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Abstract- The ability to identify appropriate resources to answer a geologic question or problem is an
important skill, but one that generally is not addressed explicitly in the undergraduate curriculum.
Mastering this skill, however, is necessary as students progress through the geology program and later
become involved in graduate study and/or professional work. Geoscientists and librarians, working
together, have developed complementary assignments that introduce undergraduate students to searching
the geologic literature. In these assignments, students must decide which resources are best suited to their
needs and how to most effectively search each resource. In our curriculum, Mineralogy and Earth History
are commonly the first "major" courses taken by students, and thus offer a good opportunity to develop
students' information literacy skills early in their undergraduate career. Each course assigns a poster project
requiring students to search the geologic literature by using GeoRef and other electronic databases, our
library's on-line catalog, and web resources. In Mineralogy, each student investigates a relatively obscure
mineral; in Earth History, each student investigates a place, process, or event related to historical geology
that interests him or her. The Earth History assignment also includes a short reflective paper describing the
search process; this refines critical thinking skills by asking students to consider whether resources found
are relevant to their topic. Collaboration with librarians has been a key aspect of these projects. Librarians
give formal presentations on the search process, design on-line course resource pages (which include
resources in the following categories: Books and Journals, Indexes and Abstracts, Full Text Journals,
World-Wide-Web Links, and Other Information (citation and evaluation guides), and assist individual
students. The collaborative approach allows instructors and librarians to monitor student progress and
revise instructional strategies as appropriate.
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DIGITAL CAPTURE AND ENHANCEMENT OF CAMBRIAN AND
ORDOVICIAN STRATIGRAPHIC CROSS SECTIONS IN THE CENTRAL
APPALACHIAN BASIN
Robert D. Crangle Jr
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rcrangle@usgs.gov
Robert T. Ryder
Eastern Energy Resources
United States Geological Survey
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Abstract - A series of six U.S. Geological Survey geologic cross sections (published by Ryder and others
between 1990 and 1997) have been digitally captured and enhanced for the Appalachian Basin Framework
project of the U.S. Geological Survey (USGS). The cross sections depict the structure of block-faulted
Proterozoic basement rocks and early Paleozoic strata across the Appalachian Basin from Pennsylvania to
Tennessee. The early Paleozoic strata are grouped into the following three stratigraphic packages: (1)
Middle-Cambrian siliciclastic and carbonate strata (rift deposits of the Rome trough); (2) CambrianOrdovician passive carbonate strata (passive margin carbonate bank); and (3) Upper Ordovician-Lower
Silurian siliciclastic strata (deposits of the Taconic orogeny). In addition to the line-work on the original
cross sections, gamma-ray log traces of stratigraphic control points were added to each drill hole on the
digital reconstructions. The digitally captured files permit a more readily accessible product with the added
functionality of optional client-based editing (e.g. , altering stratigraphic contacts, control points, and/or
structural attributes). The USGS is currently using these digitally enhanced cross sections to provide
geological constraints for modeling regional fluid-flow migration paths. Two of the six cross-sections are
available on-line at http://pubs.usgs.gov/products/maps/i-maps.htrnl in .AI, .EPS, and .PDF file formats.
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Field geologists attempt to solve geological problems in the field through direct observation, meaJurement, and interpretative
associations. One important rype of measurement iJ the orientation of linear and planar geologicfeatures, rypicalfy made with a
hand-held mechanical compass. Simplifying theprocw of obtaining this data and improving its integration with other geological
knowledge can enhance the abiliry ofgeologists to Jolve geological problems.

Abstract - A wireless digital compass is being built as part of the Digital Field Geology system under
development at MIT. The wireless digital compass permits measurement of the linear and planar
orientation of geologic features, and improves upon the mechanical compass by automating the data
collection process, facilitating the translation of orientation data to a geographical information system, and
encouraging the collection of multiple measurements. We are using the wireless digital compass and other
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wireless-enabled instruments including digital cameras, to permit students, instructors, and professionals to
focus on critical thinking and data analysis -not data collection- while at the outcrop.
The wireless digital compass allows multiple orientation measurements to be collected quickly
and easily at a given location. Data can be read off the display or sent wirelessly to a hand-held computer
where the data can be automatically stored in a geographical information system database and can be
associated with the current position. The wireless digital compass can also permit data collection in
situations of limited mobility such as while taking a measurement at a hard to reach location, or while
enabling a person of limited mobility to make a measurement without needing to directly read a small
display on the device.
Design and implementation issues include custom software development, wireless data
transmission hardware integration, a simple user interface including visual feedback, ergonomic form
factor, and a rugged weatherproof package. Technical details as well as a hardware demonstration will be
presented.
Supported by the National Science Foundation Graduate Research Fellowship Program (C. E.
Carr) and NSF grant GE0-0122111.
Keywords: Digital compass; wireless; orientation; hand-held, field geology

INTRODUCTION
A wireless digital compass (WDC) has been
designed and built as an example of a device that
can simplify and accelerate the process of data
collection during field geology. This compass is
one component of a digital field geology (DFG)
system under development at the Massachusetts
Institute ofTechnology.
The DFG system is designed to automate
some of the data collection and entry tasks
associated with field geology in order to enhance
field geology education and research. The main
goals of the system are to help field geologists
record data in a reliable and easily retrievable
format, and to help field geologists think
critically about field relationships while on the
outcrop. Existing systems (Kramer, 2000) satisfy
some of these needs, but are often expensive,
heavy, and have high power consumption
requirements. The DFG system is designed to be
relatively cheap, low power, and is based on an
extensible distributed architecture that makes use
of recent advances in wireless communications.
The system can make use of digital data sources
for mapping and interpretation, and uses GPS for
positioning. These advances mean that the DFG
system can be implemented by educational and
research institutions for a reasonable price
compared to other existing solutions.
A digital compass solution was developed to
support rapid acquisition of multiple orientation
measurements of linear and planar features, and
to enable use of the compass both as a standalone device and a wireless instrument integrated

into the DFG system. Existing digital compass
solutions (for example, the HMR3000, a digital
compass module by Honeywell) were identified
early in the design process, but no solution was
found that would enable customized stand-alone
and DFG-integrated operation for a reasonable
price. Here, we present the design and
implementation details of that wireless digital
compass as an example of a ruggedized
instrument that supports improved data
automation during field geology. We hope others
will be able to take advantage of this work in the
construction of their own digital geology tools.

COMPASS REQUIREMENTS
At the most basic level, functional requirements
for the WDC included the ability to compute
bearings relative to magnetic north, to function
as a clinometer, and to enable correction of
bearing measurements for magnetic declination
or known magnetic disturbances. We also
wanted the WDC to have an intuitive user
interface that enabled data to be collected as
simply and easily as possible. The WDC was
also required to keep track of multiple
orientation measurements and transfer them to
the Geographical Information Systems
component of the DFG system.

IMPLEMENTATION
Technical requirements were mapped onto a
basic set of functional requirements (Fig. 1) and
several different device concepts were developed
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that could be based on these technical
requirements (Fig. 2). The "Clipboard" device
would function as a digital compass and serve
double duty as a clipboard. This concept was
interesting but suffered from a high mass and
material cost. The one-hand device was chosen
because it:
• Satisfies all of the basic requirements,
• Has a long side edge for accurate strike
measurements,
• Has a large bottom surface to allow
straightforward dip measurement,

•

Can be lowered to the ground to take dip
after a level strike measurement,
Can be used with only one hand, permitting
the other hand to hold something else such
as another DFG system component,
Could be made with a tripod or camera
attachment, and
Is relatively small and easy to carry.

•

•
•
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Figure 1. Mapping between functional and technical requirements for the Wireless Digital Compass.
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Hardware
A PIC microprocessor-based single board
computer was selected to enable data acquisition,
processing, and storage. A three axis
accelerometer enables device orientation
estimation via analog signals ofx-, y-, and z-axis
accelerations from an accelerometer. Two analog
signals from a hall-effect compass sensor enable
estimation of the bearing to magnetic north. Five
ten-bit analog to digital conversion channels on
the microcontroller are used to acquire these
signals, which are then used to estimate
orientation and direction relative to magnetic
north. The compass element is not tilt
compensated, so in order to take accurate
readings, the WDC must be held approximately
level to within a few degrees. In addition, the
microprocessor drives a liquid crystal display
(LCD). Serial data from the microcontroller can
be sent to the Bluetooth module for transmission
over the wireless network to the DFG system.
A four-button keypad enables user input to the
WDC. A 7805 voltage regulator is used to
provide regulated 5V power for the
microcontroller, sensors, LCD, and bluetooth
modules, using a 9V battery. An interior view of
the WDC hardware is shown in Figure 4.

Carr and others

16x1 Liquid Crystal Display

/
Hall-Effect
Compass
Sensor (1655)

PIC

5V Regulator (7805)

---

Power Button

Figure 4. Interior view of the Wireless Digital
Compass.

Software

Figure 3. Mechanical Brunton(R) Compass (left)
and Wireless Digital Compass (right). The
prototype Wireless Digital Compass has
dimensions of 5x7x1 .7 inches.

Software was developed in PicBasic Pro and
compiled to produce assembly language code.
An EPIC programmer, attached to the parallel
port of a personal computer, was used to write
compiled code to the PIC microprocessor. The
code size, including data storage for ten
measurements and configuration settings, is
approximately 16k bytes or 8k words.
The WDC software is implemented as a
finite state machine where each state is basically
a single menu item. The menu hierarchy is
described in Table 1. The user navigates the
menu by pressing four buttons : ENTER, ESC,
UP(t) and DOWN ( ,j,. ). ENTER selects the
current menu function or goes one level deeper
into the menu. ESC pops the user up one level in
the menu. UP and DOWN allow scrolling at a
given level of the menu. When using particular
(non-menu) functions, the ENTER key works to
select a particular option, ESC functions to
cancel the current operation, and UP and DOWN
are used to scroll through a list of current
options.
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Table 1. Menu Hierarchy and Functions for the Wireless Digital Compass
Menu Item

Description

MENU
Operate
Measure
Linear
Planar
Bearing
Slope

Trend and Plunge Measurement
Strike and Dip Measurement
Bearing Measurement
Slope Measurement
Allows viewing of measurements on LCD
Sends data wirelessly to remote host

Calibration
Declination

Calibration of rotation angle error
Adjustment of declination angle
Specification of measurement averaging
Clears data memory and loads default settings

View
Send
Setup
Compass

Analog
Defaults

Mechanical Design
The mechanical package for the WDC was
developed once the electronic components of the
WDC had been identified. The initial WDC
prototype, shown in Figure 3 was implemented
as a computer-aided-design (CAD) model, and
then 3D printed to produce a physical prototype.
This approach was an efficient way to produce
an initial prototype but the material used in the
3D printing process is porous to water and
therefore not appropriate for actual field use. In
addition, limited accessibility to 3D printing
machines and the high cost of the equipment and
reagents suggests that more traditional
machining approaches be used to produce higher
numbers of compasses.
The initial prototype, while workable for
initial hardware and software integration tests
and prototype testing, is not appropriate for

traditional manufacturing methods. The
mechanical design of the prototype is compared
to more recent mechanical designs in Figure 6.
The second mechanical design (Fig. 6, middle) is
more easily machined than the original
prototype, and cheaper as well because it
requires thinner stock material (Delrin, for
example). The third mechanical design (Fig. 6,
right) is a further improvement in that it has a
separate 0-ring sealed battery compartment,
accessible from the bottom of the compass. This
would allow the battery to be easily changed
without permitting the user access to the other
electronics and would reduce the risk of damage
to the electronics. All three designs have
integrated 0-rings to seal the electronics
compartment and protect the electronics from
moisture and dust. An additional 0-ring seal and
clear plastic plate protects the LCD from
moisture and dust.

GSIS Proceedings 2002

82

Carr and others

Compass Sensor Calibration Curves - Uncorrected for Rotation Angle Error
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Figure 5. Compass Calibration Curves for Wireless Digital Compass, obtained using mechanical
Brunton(tm) compass as standard.
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Figure 6. Design Evolution of the Wireless Digital Compass Mechanical Package. The top part of the
package has been removed to show the 0-ring seal and internal features . Package (A) is the prototype
mechanical package and has been 3D printed. Package (B) is much more easily machined than package
(A). Package (C) also incorporates a separate battery compartment with a separate 0-ring seal, accessible
from the bottom side of the package.

OPERATION
Before routine use of the wireless digital
compass, a one-time compass calibration
procedure must be performed. This consists of
making measurements of compass sensor
readings at ten degree intervals (as determined

by a traditional mechanical geologists compass)
and deriving least squares curve fits , one per
quadrant, for the particular compass sensor used
in the device. Compass calibration curves for the
prototype (WDC Fig. 5) had curve-fit R 2 values
of0.990, 0.995 , 0.993, and 0.962. Curve fit
parameters are downloaded to the device and put

GSIS Proceedings 2002

83

Carr and others

in non-volatile memory, and the compass
calibration function can now be used to measure
any rotation angle error. Once the user sets or
adjusts the local magnetic declination setting, the
compass is ready to take measurements.
Data measurements are stored in memory
and transmitted on demand to the DFG system.
Data is stored safely even when the power is off,
so users can extend battery lifetime by keeping
the digital compass off except when making or
transmitting measurements. Once in the
MEASURE menu, users can make orientation
measurements of LINEAR or PLANAR features,
or take a simple BEARING or SLOPE
measurement.
LINEAR measurements are make by first
measuring the trend and then measuring the
plunge. A graphic display of the current bearing
estimate is provided by the compass, and the
user simply orients the compass along the trend
line and presses ENTER when the compass is
oriented correctly and held level. The long axis
of the compass is then oriented along the plunge
line (sighting along one edge or holding the
compass near the linear feature permits
orientation of the compass relative to the desired
linear feature). Pressing ENTER will then record
the PLUNGE measurement. The current
measurements (and other saved measurements)
can then be viewed if desired.
In a similar fashion, the user can take
PLANAR measurements. For PLANAR
measurements the strike line is along the
longitudinal axis of the compass, and the dip
direction is perpendicular to the strike line. As
when using a geologist's compass, the strike
measurement is taken first. Unlike a geologist's
compass, the digital compass does not need to be
significantly reoriented to take a DIP
measurement. The user simply "drops down" the
digital compass from the position in which the
strike measurement was made, allowing the
compass to rotate about the strike line until the

compass is lying on the surface of the bedding
plane or other planar feature of interest. Then the
user can view the DIP measurement in real time
and press ENTER to take the DIP measurement.

LIMITATIONS AND FUTURE
DEVELOPMENT
The current system is easy to use, but does have
several limitations including limited time of
operation and relatively large size and mass.
Near term improvements will include the
addition of a mechanical level and sights to the
mechanical package and enhancement of the
calibration process. Five wireless digital
compasses using an improved mechanical
package will be assembled and used during the
next MIT Geology Field Camp in January, 2003.
All of the electronic components are
continuously powered, and as a result the current
battery life for continuous operation is limited to
less than two hours. Non-continuous operation of
the compass enables use of the compass at least
all day in the field without recharging the
battery. A better solution for a future version of
the WDC would allow the microcontroller to
control power distribution to the sensors, LCD,
and bluetooth card so that power is used only as
it is required to acquire or transmit
measurements.
Size and mass could be drastically reduced
by using smaller Bluetooth and microcontroller
boards, or implementing a custom printed circuit
board (PCB) solution. Much smaller bluetooth
modules now exist, and could be surface
mounted directly onto a custom PCB. A custom
PCB would also enable the size and complexity
of connectors to be drastically reduced. Current
connectors add a lot of design complexity and
take up a not-insignificant amount of space in the
mechanical package {Fig. 7).
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Wlrolota Digital Compass Cabling
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Figure 7. Wireless Digital Compass Cabling: A good motivation for a future custom printed circuit board
solution.

CONCLUSIONS
Our initial prototype wireless digital compass
has demonstrated easy data collection of
orientation measurements and demonstrated how
digital geology tools can support acquisition and
analysis of geologic data on the outcrop. 1bis
type of tool can enhance geology education by
permitting students to spend more time analyzing
data while on the outcrop, and can also reduce
the mobility required to make orientation
measurements. While this effort has been
focused on improving geology education, data
automation tools such as this one may one day
enable astronauts to perform field geology tasks
while on the surface of the Moon or Mars, even
while wearing space suits that may restrict range
of motion and prevent traditional methods of
field geology data collection.
With these improvements, it should be
possible to make a relatively low cost (-$500600 for small quantities, using off the shelf
sensors) wireless digital compass that is small
enough to fit in a pocket or easily carried and can
drastically enhance the ability of geologists to
measure the orientation of geologic features and
interpret their data using geographical
information system software and digital geology
tools while they are on the outcrop. Much

cheaper implementations are also possible with
higher volumes or with time, as the price of
components such as Bluetooth modules drop in
price.
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Abstract- The distinctive technical achievement of the Digital Field Geology (DFG) system under
development at MIT (see Hutchison and others, 2002) will be its implementation of small, low power,
wirelessly connected geologic tools in the field. The use of wireless tools will closely emulate and
complement typical fieldwork processes and, furthermore, will eliminate unnecessary and restrictive cords
and wires. More importantly, the wireless nature of the DFG system will enable field camp students to
better focus their efforts on the scientific aspects of geologic field work rather than the administrative tasks
inherent in the learning process.
The DFG system's architecture will be a distributed design in which large-scale data processing and
storage functions will be assigned to a "local data server" (perhaps worn in a backpack). This server will
communicate both with wireless tools carried by the field geologist or with a "remote unit", perhaps kept at
a base camp. Wireless tools would include 1) a handheld, digital "notebook" which would be used to record
numerous types of field data, as well as for the display of topographic maps, text, and pictures (currently, a
Compaq PDA); 2) an electronic geologists' compass, for digitally recording orientation data; and 3) a
wirelessly connected digital camera for linking field photos with map locations.
By distributing the greater processing power and storage functions to remote units, these network links
could provide vast amounts of data and reference materials to each student in the field without the
corresponding burden in weight and size. Additional advantages of the DFG's architecture are its inherently
greater flexibility and the fact that the number of associated wireless instruments is not necessarily limited.
We have already conducted an initial test of the DFG system during our January 2002 field camp (see
Niemi and others, 2002). While the results of this test were generally favorable, we still have much more
work to do. Two important capabilities that we would like to add by next January's field camp are the
ability to translate voice recordings to text with voice recognition software and the ability to wirelessly
transfer images from a digital camera to out digital notebook.
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THE NORTH AMERICA TAPESTRY OF TIME AND TERRAIN
Kate E. Barton
US Geological Survey
345 Middlefield Rd
Menlo Park, CA 94025-3561
kbarton@usgs.gov
David G. Howell
US Geological Survey
345 Middlefield Rd
Menlo Park, CA 94025-3561
Jose F. Vigil
US Geological Survey
345 Middlefield Rd
Menlo Park, CA 94025-3561

Abstract- The North America Tapestry of Time and Terrain (1 :8,000,000 scale) is a product of the US
Geological Survey in the 1-map series, to be published later this year. The map was prepared in
collaboration with the Geological Survey of Canada and the Mexican Consejo Recursos de Minerales.
This Tapestry is woven from a geologic map and a shaded relief map. The combination reveals the
geologic history of North America through the relationship among geology, topography and time. Regional
surficial processes as well as continental-scale tectonic events are exposed in the three dimensions of space
and the fourth dimension, geologic time. The main map shows the age of the bedrock underlying North
America, while four smaller maps show the distribution of four principal rock types: sedimentary, volcanic,
plutonic and metamorphic.
The geologic data were generalized from the forthcoming Decade of North American Geology
Geologic Map ofNorth America compiled by John C. Reed (USGS) and John 0 . Wheeler (Geological
Survey of Canada), sponsored by the Geological Society of America. Processing and reprojection of the
geologic data were done in ArciNFO GIS. The underlying cartographic structure is a shaded relief map
derived from a !-kilometer digital elevation model (DEM). John Hutchinson (EROS Data Center) supplied
the original DEM. The projection used is Lambert Azimuthal Equal Area. The two component maps were
georeferenced to one another using GIS software and the final images were combined using graphics
software.
This map is an extension of the 2000 Tapestry of Time and Terrain by Jose F. Vigil, Richard J. Pike
and David G. Howell, which covered only the conterminous United States. The U.S. Tapestry poster and
website have been popular in classrooms, homes, and even the Google office building, and we anticipate
the North America Tapestry will have a similarly wide appeal, and to a larger audience.

[The Proceedings paper is authored by Kate E. Barton, David G. Howell, Jose F. Vigil, Timothy E. Leslie,
Richard J. Pike, and Jane Ciener; U.S . Geological Survey, 345 Middlefield Rd, Menlo Park CA 94025.]
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ABOUT THE MAP
How the Map Was Made
Why Did We Make This Map?

This map was designed to reveal the beauty and
diversity of the physical underpinnings ofNorth
America through the combined attributes of
topography and geologic age. The patterns
observed in the Tapestry depict complex and
intriguing relationships, from which we can
discover the story of our continent's development
through time.
The new map follows the Tapestry of Time
and Terrain of the United States, which has
reached thousands of people as a printed map,
and a great many more teachers, students,
scientists, and the general public through its
website (http://tapestry.usgs.gov).

This Tapestry was created by digitally
combining two maps: one of geology, the other
of topography. The geologic map carries two
types of information- the age of surface or nearsurface bedrock and the type of rock. We have
separated these two categories of information
into the main Tapestry (geologic map) and the
four small maps (distribution of basic rock
types).
The topographic map started as a digital
elevation model (DEM), a data file containing
measurements (spaced at a !-kilometer interval)

Figure 1. North American Tapestry of Time and Terrain map
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Figure 2. Close-up of the northeastern United States

of height of the land surface above sea level,
from which we prepared the shaded relief map.
The geology was generalized from the
forthcoming Geologic Map of North America,
compiled by John C. Reed (USGS) and John 0 .
Wheeler (Geological Survey of Canada) for the
Decade ofNorth American Geology and
sponsored by the Geological Society of America.
Geologic map data were processed and
reprojected using geographic information system
(GIS) software. The shaded relief map, derived
from aDEM contributed by EROS Data Center,
provides the underlying cartographic structure.
The two component maps were georeferenced to
one another using GIS software and the final
images were combined using graphics software.
How To Read This Map

The colors on the main Tapestry represent
differen t ages of the bedrock that makes up
North America. For example, the various rocks
that form the ancient Canadian Shield are shown
in shades of red. On the legend, you can see that
red colors represent ages in the Precambrian.
The colors do not mean that the rocks themselves

are red, but rather indicate the interval of
geologic time within which the bedrock formed.

Figure 3. Close-up of the Athabasca basin in
northwestern Canada

For some areas, we do not know exactly
when the rocks formed, but only a general range
of likely ages. We have grouped these rocks of
uncertain age into broad categories, so that
instead of representing a brief geologic Period,
they are assigned to an Era or combination of
Eras.
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Figure 4. Close-up of the southwestern United States and Grand Canyon

The colors on the four inset maps on the
right side of the Tapestry correspond to locations
of sedimentary (shown in yellow), volcanic
(red), plutonic (blue) or metamorphic (purple)
rocks.

the full size map (54" wide by 42" high). A
website, housed at the National Atlas of the
United States (http://www.nationalatlas.gov),
will present additional information, topics to
explore, games, multimedia, and more.

Who Should Use It (and How)?

TECHNICAL INFORMATION

Anyone who wants to learn about the geology of
North America! The Tapestry conveys broad
regional relationships, uncluttered by political
boundaries. You probably won't be able to
pinpoint the age of the rocks in your backyard,
but you will be able to learn about the bedrock in
your state or province. The pattern of ages tells a
number of stories, and the terrain itself evinces
tectonic, glacial, and other landscape-forming
processes. Should you wish to learn about-or
teach-the general geologic history of North
America, this map is a good starting point.

Geologic map source: Geologic data simplified
and generalized from John C. Reed (USGS) and
John 0. Wheeler (Geological Survey of Canada),
Geologic Map of North America, for the Decade
of North American Geology, sponsored by the
Geological Society of America.
Shaded relief map: Digital elevation model
(DEM) provided by John Hutchinson (EROS
Data Center). Horizontal XY resolution of the
original height data, compiled from various
sources, was lkm. Vertical exaggeration is lOx.

Where Can You Get It?

Scale: 1:8,000,000.

By mid-2003, the USGS will be selling copies of

Projection: Lambert Azimuthal Equal Area.
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A GEOLOGIC MAP'S ODYSSEY
Stephanie Annette 0 'Meara
Earth Resources
Colorado State University/National Park Service
1201 Oak Ridge Drive, Suite 200
Fort Collins, CO 80525
stephanie_o'meara@partner.nps.gov
Trista L. Thornberry
Earth Resources
Colorado State University/National Park Service
Natural Resources Building
Fort Collins, CO 80523
Tim Conners
Geologic Resources Division, National Park Service
PO Box 25287
Denver, CO 80225
Joe Gregson
National Park Service
Fort Collins, CO
Victor G. DeWolfe III
Earth Resources
Colorado State University/National Park Service
Natural Resources Building
Fort Collins, CO 80523

Abstract- Bedrock and surficial geologic maps and supporting information provide the foundation for
studies of ecosystems, earth history, groundwater, geomorphology, soils, and environmental hazards such
as fire history, landslide and rockfall potential, etc. 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. The NPS has identified GIS and digital cartographic products as fundamental resource
management tools.
Digital geologic maps have several advantages over paper geologic maps. Digital geologic maps can
be used in a digital GIS environment where they can be integrated with other geospatial data to provide
analysis of spatial relationships. A digital GIS provides quick, reproducible, precise analysis results. Digital
data are also more easily shared and transferred between users. With digital attribute capability a digital
geologic map becomes a powerful database.
One of the umesolved issues facing developers of digital geologic maps 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. In short, the digital product must
"look and feel" like its published source.
In accordance with the NPS Geology-GIS Data Model, the spatial and geologic feature types present
(i.e. polygon, line, point and fault, fold, unit, etc.) are captured into appropriate GIS coverages and
attributed as per the Data Model. These data are then incorporated into the NPS GIS Theme Manager that
facilitates (in Arc View 3.2) the presentation of the various map coverages along with any FGDC metadata
and accompanying help files that display map notes, unit descriptions and other ancillary data from the
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original paper source map. Any map graphics (e.g. geologic cross sections) are scanned from the original
paper map and hotlinked to a coverage (e.g. in this case the cross section line coverage) on the digital
geologic map. These data are then posted on the NPS I&M GIS FTP Website for user access and
download.

- - - - - - - - - -

-
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PART III. GEOSCIENCE INFORMATION SOCIETY
FORUM AND COMMITTEE REPORTS

Aerial photograph of the Golden Fault; illustrating the Upper Cretaceous Dakota Group
and the Triassic Lykins Formation along the Colorado Rocky Mountain Front Range,
circa mid 1900s, used with permission, © Colorado School of Mines Library.
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COLLECTION DEVELOPMENT FORUM
Charlotte Derksen
Chair, GSIS Collection Development Committee

Agenda

Notes were taken by members of the Collection Development Committee for each of the agenda items,
with the exception of I. Michael Noga has already submitted the price information to the GSIS Newsletter
for publication.
I. Journal price information. Michael Noga (1 :30- 1:40pm)

II. Group Discussion (1 :40- 2:20pm)
Criteria for electronic versus print versus both; who is making this decision?
• Publisher e-packages: Who makes the decision to participate; how is funding determined; what's
been the effect of no-cancellation clauses.
• As a society we used to worry about journal cancellations- who was cancelling what, would there
be at least one copy of a journal title in the country; now maybe we should be worrying about
archiving at least one copy of a journal title, perhaps by region?
III. GSA Aggregate. Sharon Tahirkheli, Jon Olson (2 :20-2:40 pm)
IV. Brief question/information session (2:40-3:00 pm)
•
•

GSA Online and Archives. Jon Olson
AGU License- changes/questions? Judy Holoviak

V. Mineralogical Society of America. Doug Rumble, Alex Speer (3: 00-3:30 pm)
•
•

MSA's planned launch of fee-based online access to American Mineralogist in 2003 .
MSA's partnering with GSA, AAPG, and SEG in exploring the idea of a "geoscience journal
aggregate."

II. Group Discussion

Criteria for Electronic-Only Journal Subscriptions Versus Maintaining Subscriptions to Both Print and
Electronic Versions
Who makes the decision ? The decision on whether to retain print is often made at a higher level than that
of the subject selector. It is sometimes made by the consortium; sometimes by library administrators or
committees.
Funds fo r electronic journals ? Funds for electronic journals are usually eventually transferred out of
accounts controlled by subject selectors. This happens often for large journal package deals. The
amount of discretionary funds available to subject selectors is therefore decreasing. Also package deals
may lack the flexibility to add new titles.
Cancellation: There will be many cancellation projects this year because of budget problems. Some will
have to cut small publications to save big electronic journal packages leading to fears of homogeneous
library collections. One major library has not subscribed to big commercial electronic journal packages
and will therefore be able to target expensive journals from commercial publishers for cancellation.
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Consortia! Packages

Advantages: These packages can enlarge a library's collection. This is especially valuable for smaller
libraries. Consortia! agreements can be good for the whole even though some large libraries may have
to pay more.
Use data : Everyone wants better use data for electronic journals. The data needs to be collected in a
uniform manner so valid comparisons between publishers can be made. Data on downloads of articles
would be especially valuable.
Excessive downloads: Everyone agrees that publishers should notify the library about excessive
downloading before stopping access for all campus users.
Archives of electronic journals: Doubts were expressed about the stability of publisher archives.
Other- Marketing
Academic marketing models for electronic journals do not work for non-academic libraries. If publishers
want to market to federal government libraries they need to understand the federal system and to
develop packages and pricing that meet their needs.

Summary of Discussion notes taken and compiled by
Carol Larussa (University of California - Davis)

ill. Geoscience World- the Proposed Geological Societies' Aggregate

Sharon Tahirhkeli, American Geological Institute
Sharon Tahirkheli from the American Geological Institute discussed the formative stages of an effort to
establish a geosciences aggregator that would provide electronic access to peer reviewed journals in earth
and space sciences published by societies. Among the societies interested are Geological Society of
America, American Geological Institute, American Association of Petroleum Geologists SEG (?not sure
which one), Society for Sedimentary Geology (SEPM), Geological Society of London, and Mineralogical
Society of America. Funds have been raised, primarily from the petroleum industry, to do the initial
exploration and hire a consultant to put together a business plan. The goals are to assist societies and small
publishers in making their journals available electronically with a model perhaps similar to that ofBioOne.
All AGI member societies have been contacted about potential participation. They envision a minimum of
25-30 journal titles as part of the aggregate with a potential starting date in 2004. Sharon noted that an
advisory board of librarians would be formed and those interested should contact her.

Summary ofpresentation notes taken and compiled
by Steve Hiller (University of Washington)

IV. Brief Question/Information Session
GSA Online & Archives
Jon Olsen, Geological Society of America
1. GSA is trying to improve the negotiation process for licensing access to the electronic version of its two
journals, "GSA Bulletin" and "Geology."
2. Pricing for electronic access is currently the print price plus $125 for each journal. Libraries secure
perpetual access for each year purchased.
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3. Libraries may purchase electronic archival access for 1988 through 2001 at a one-time cost of $450 for
one journal or $800 for both. Libraries may purchase the backfile as long as they are current paper
subscribers.
4. GSA is aware that it needs to improve its publicity of this offer.
5. Institutions interested in multi-site licenses should talk with Jon Olson directly.
Summary of Presentation notes taken and compiled
by Janice Jaguszewsk (University ofMinnesota)

AGU License -- Changes and Questions
Judy Holoviak, American Geophysical Union
1. AGU will continue to offer, with a print subscription, one free seat for electronic access. Access will be
cumulative (e.g., if access was established in 2002, one will continue to have access from 2002 forward).
This free seat will continue for the next few years because articles are available in print some time after
they appear electronically.
2. AGU offers "departmental" electronic access, in which access is restricted to a subnet or a limited
number of IP addresses. The cost is based on the number of faculty and postdocs in the department. Print
is available at an additional cost.
3. Discounts for other, more restrictive, electronic access options are available. For example, a category 5
institution could limit access to 15 IP addresses (anywhere across campus), with 3 simultaneous users, at
40% of the current electronic price. Charlotte Derkson suggested that a better option would be limiting
access to one user at a time, but opening it up to all IP addresses across campus. Judy replied that AGU
would consider this recommendation.
4. Back issues will be available from 2002 forward. Judy stated that because articles are scanned images,
AGU cannot guarantee perpetual access or archiving. Back issues are available in two ways:
a. Purchase outright. Discounts are available depending on how old the back issues are.
b. Rent year by year for 10% of the subscription price. If rental ceased, a library would
have no access to the previous years rented.
5. If an institution offers no advanced degrees in the sciences and engineering, then the AGU will consider
the institution's highest degree granted to determine an online subscription price.
6. The AGU does not intend to go back and digitize older issues and is not currently considering
participating in JSTOR.
Summary ofpresentation notes taken and compiled
by Janice Jaguszewsk (University of Minnesota)

V. Mineralogical Society of America
MSA's Plans for Electronic Publishing
Alex Speer, Mineralogical Society of America
History of Mineralogical Society of America's Online publishing to date:
•
American Mineralogist Table of Contents is online.
• E-journal Geological Materials Research goes online on the MSA website.
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•

MSA starts putting the entire contents of American Mineralogist online as PDFs along with any
. accompanying unpublished documents in the format supplied by the authors; this was done as
soon as publishable; therefore online content was available much earlier than print. Access is free
to anyone.
•
2001 MSA members could subscribe to print, online or both, but no decrease in print cost to
members.
• American Mineralogist e-access for institutional subscribers is available by IP address. Current
subscribers need only send their range of IP addresses to business@minsocam.org to gain online
access. Geological Materials Research is folded into American Mineralogist.

Current state ofMSA 's electronic publishing plans
• MSA continues efforts to keep costs down, while providing access to materials.
• MSA is still looking into options for where to hostonline access.
• Review co-editors Jodi Rosso and Paul Ribbee have been able to produce E-versions of the
Reviews in Mineralogy & Geochemistry volumes.
• Financing of review volumes is a new venture. It is expected that a greater proportion of users
will still want printed review volumes.
Future
• MSA is exploring avenues of continuing e-access.
• Costs of continuing development of e-access are too difficult for MSA to continue for only the one
journal: American Mineralogist.
• Thus MSA needs to be part of a larger group.
o Several vendors have made offers, but most are not feasible.
o MSA is currently looking at the proposed aggregate: GeoScience W or! d.
o The best group for MSA is one with a focus on peer-reviewed earth and space journals.
o Integration with GeoRef should be a part of desired package.
o BioOne seems to provide a good model for needs.
• MSA is trying to avoid locking into a business model that can't be adjusted in the future.

Alex then responded to questions from the group:
• A full scale e-version of American Mineralogist and Reviews in Mineralogy & Geochemestry will
be available soon.
• AMS will consider a range of IP addresses from one institution rather than looking at physical
site[s].
• AMS is concerned about providing e-access to consortia, if that meant several schools in the
consortium would thereby would cancel the print subscription. A business model would have to
be one subscription per each accessing institution.
GSIS attendees expressed appreciation for the fact that the American Mineralogist has not changed its title.
Presentation notes taken by James Anderson
(University ofAlaska) and compiled by Charlotte Derksen
(Stanford University)
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PROFESSIONAL ISSUES & MEETING WRAP-UP FORUM
GSA Denver, Oct. 30 2002
Sally Scott, Chair

Agenda

I. Outline of Possible Topics of Discussion
II. Discussion
III. Meeting Wrap-Up
• Did the meeting meet your expectations?
•
What programs were most useful?
•
What would you like to see added, deleted, changed next year?
• Comments?

I. Possible Topics of Discussion

Budget Issues: How are shrinking budgets and continual inflation affecting your library's services and your
ability to function as a professional?
Collections: Is your library canceling journals this year? How are you dealing with diminished resources
and patron complaints? What creative solutions have you found to mitigate the issue?
Staffing: How are budget difficulties and impending retirements affecting staffing in your library?
Digitization: Many libraries are providing online access to parts of their collections through digitization
technologies.
Library projects: What digitization project has your library developed? What were the problems, solutions,
insights gained? How would you do it differently next time? Has it expanded your opportunities as a
professional? Use of other digitized materials, e.g. maps
GIS (Geographic Information Systems): Do you provide access to GIS? Do you teach users? What are the
positives and negatives of dealing with GIS?
Virtual Reference: Many libraries are offering reference service through e-mail or real-time online
connections. Is your library providing virtual reference service either individually or through a consortium?
How is it working?? How has it affected staffing patterns? Do support staff participate? What advice
would you give to a library considering this service?
Other: Any other issues you would like to discuss.

II. Discussion

Budgets
Budget problems are affecting many libraries, and staff problems were discussed thoroughly at this time.
Joseph (University of Illinois, Urbana-Champaign) indicated that it was a bad budget year at the university
and doesn't look like getting better. The UIUC Geology Department is small compared to other
departments and maintaining a geology librarian has required assigning an additional set of responsibilities
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to this position. Dunn (Colorado School of Mines) said that they were under a hiring freeze, and that going
from full to part time has been offered as an option to university staff. There were further discussions of
early retirement incentives being offered and of positions being left unfilled. Thompson (University of New
Hampshire) said that positions have been frozen, accompanied by requests for people to volunteer in other
departments that need the staff and cannot hire. Shields (USGS-Denver) has had transfers into the USGS
library from elsewhere to make up staff; she reported that their budget is OK this year. It was reported that
the California State Library had similar budget problems. Positions vacated by retirements are not being
filled, and duties have been transferred to existing staff.
Hardy (Carnegie Institute of Washington) reported that they have received a 7% increase to allow them to
keep current acquisitions but haven't been able to add titles, especially for e-forrnats. They've partnered
with users and requested them to kick in money to help pay for a requested publication. This led to a
discussion of the group's experiences on having researchers write funding for library resources into their
grants. Some attendees indicated that either their institutions do not forward any such monies as add-ons to
the library's base budget or that some grants may specifically prohibit library support line items.
This topic led to a brief discussion of the use of library impact statements completed by faculty proposing a
new course of research or study. Several libraries have had new programs start without any assessment of
library impact, or that have library impact statements with inadequate representations of what that impact
would be. A fundamental issue seemed to be that by indicating "no impact" the faculty reflect the belief
that everything of substance really is free on the Internet. If this is so, than a new program will indeed have
no impact on the library. Not only that, but why do we really need to build new libraries, replace staff, or
support collections if everything needed for education or research is free on the Web? Not the case, of
course.
Dunn (Colorado School of Mines) asked if anybody has planned to formally reduce services in response to
budget cuts instead of distributing responsibilities to increasingly stressed staff and collections. At least one
library plans to cut hours and reference services accordingly. One librarian pointed out that there's nothing
like having the [electrical] power go out for people to suddenly realize that the Web is not a sure-fire
alternative to having the whole library infrastructure.
Digitization
The group felt that this subject had been covered in depth at the Preservation, Collection Development, and
Digital Forums.
Geographic Information Systems: Discussion
Shields (USGS-Denver) indicated that their library doesn 't have the hardware, software, or expertise for
GIS so they provide no support. Wallace (Syracuse University) said that their library pays for half of a
$25,000 site license for their GIS software. They've built a nice lab and have hired a GIS librarian, but
don't know how much use the facilities are getting even though they do some marketing. The university
has been without a full time GIS instructional faculty person for a while, so that may have had an effect on
usage. McLeod (Washington University) reported that they just lost their Government Publications
librarian. The library has been trying to get people behind GIS, but without the expertise and support this is
difficult. Someone mentioned that there seems to be a fair number of ads asking for either a GIS librarian
or a map librarian with GIS experience, so there ' s a demand for this expertise.
Joseph (University of Illinois, Urbana-Champaign) reported that they just got a workstation and have hired
a GIS/Map librarian. So far their library 's GIS services are not marketed, again limited by a lack of
expertise. Some sites have a GIS lab elsewhere on campus, and there was a need expressed for geospatial
data and datasets in general. Perhaps more of the demand for GIS is driven by non-geoscience departments
such as Architecture. Yocum (University of Michigan) indicated that their map librarian does quite a bit
with GIS, but it's more social science-related applications than technical. Thomson (University of New
Hampshire) said that the natural resources people are the main users on their campus, but the library is
actively trying to get geoscientists involved in using it. Graham (MIT) reported that they hired a GIS
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specialist (not a librarian) who is located in the architecture library. Her role is to help people fmd the data
they need. The software is supported by the Computer people, with no workstations in the library.
Cooperative Website Building
Fish (Columbia Universitiy) asked if anybody was involved in cooperative management of websites.
There 's a proposal out from RLG with a focus on the humanities to keep links to core reference materials
available via the Web. The idea is that different people would do different components or subject pages and
they would all be linked together for access. Yocum (University of Michigan) said that Michigan has a
cooperative web maintenance program to cover different subjects. The results vary considerably. The
health science librarians do something like "HealthWeb" which may have had defined criteria and seems to
be effective. The chemistry librarians may have done something similar. McCleod (Washington University)
said that there was discussion at her university about corning up with a science webpage integrating the
science disciplines so users could have a resource with one-stop shopping.
Is GSIS interested in organizing a geoscience equivalent? There was considerable discussion on why and
how we would do this, and on clarifying the scope of the project, which would be more than just linking to
each others' existing websites or cutting content from another's website (which we of course can do at
present). Participants discussed whether topics would be assigned or if we would use what's already
available; retaining local look-and-feel, storage ofwebpages; updating; time-saving potential. IfGSIS
organizes such a project, there should be some clear benefit to the Society and its members.
Fish was asked to come up with a working paper that would give the Society a further basis for discussion.

III. Meeting Wrap-Up
The Forum ended with a meeting wrap-up discussion. Joseph (University of Illinois, Urbana-Champaign)
announced that the GSA theme for 2003 is "Geoscience Horizons." Her tentative theme for the GSISsponsored topical session is "Geoscience Information Horizons: Challenges, Choices and Decisions." She
requested feedback and ideas for the Seattle meeting. There is already a possible field trip being planned.
There was further discussion about getting people or organizations to sponsor events and sessions or to
contribute to the silent auction, and on getting the membership involved in recruiting possible sponsors.
Joseph asked about the interest in developing a photo membership directory for members on request. Some
people thought this would be a good idea, especially for new members or those attending GSA for the first
time, or for everybody, to fit faces with names. There was discussion about this being voluntary and not
available via the Web. Joseph will pursue this issue. A related suggestion was made to include members'
personal webpages on the GSIS site.
Joseph asked for feedback on activities of value during the Meeting, which included:
• Collection Development Forum
• Elsevier-sponsored GSIS reception
• Networking
• CSM reception
• Digital Forum: Including the Global Change Master Directory in depth, etc.
• GeoRefUsers Group: Especially the update and summary of GeoRef content issues and changes
• Information about what other colleagues are doing, and how members could use this information
or talk to this person to apply it to their site?
Suggestions from those present included:
• Open up the program more to increase free time to attend other sessions
• Keep introducing ourselves at GSIS sessions to facilitate networking
• Brief descriptions of committee activities to be available at the business meeting and exhibit booth
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Putting a committee grid with members and vacancies in the Newsletter as well as posting at the
Business meeting, and perhaps have it at the booth.
Add other database updates to the GeoRefUsers Group Forum, like Web of Science or GeoBase

Following up on the first suggestion to open up the program more, Joseph asked, "What can we
consolidate?" Suggestions from those present included:
• Move the Executive Board meeting to Saturday pm to free up Sunday
• Move some of our activities outside of the GSA programming time frame
• Consolidate forums depending on content, for example have two committees sponsor a joint
forum each year instead of each holding a separate forum
•
Shorter business meeting
In follow-up discussion on that last suggestion of a shorter business meeting, concern was expressed that
important issues requiring discussion were left to the end of the meeting when time was short and people
were tired. Dunn (CSM) asked for feedback on how to remedy this situation. Suggestions from those
present included:
• Keep a tighter rein on speakers' time
• Reduce committee and representative verbal reports: More reliance on written reports published
(or soon to be published) in the Newsletter
• Eliminate committee and representative verbal reports unless there is an announcement relevant to
the ongoing meeting and stricter adherence to the agenda
•
Use non-verbal means to communicate announcements, including:
o Posters or whiteboards with announcements
o Handouts
Dunn said that she would solicit further feedback from the membership on how to reduce Business meeting
time.
The Professional Issues Forum adjourned with thanks to those participating.
Discussion notes taken and compiled by Lisa G.
Dunn (Colorado School ofMines)
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IV. GSIS FIELD TRIP
GEOLOGY OF THE COLORADO FRONT RANGE AND
GARDEN OF THE GODS PARK, COLORADO SPRINGS

Mountain goats, Colorado Front Range of the Rocky Mountains, used with permission, © B.
Batterman.
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GSIS Field Trip: Geology of the Colorado Front Range and Garden of the
Gods Park, Colorado Springs
GSIS Annual Meeting Field Trip
October 31 2002

Lisa G. Dunn
Arthur Lakes Library
Colorado School of Mines
Golden CO 80401
ldunn@mines.edu

This field trip consists of a route from Denver to Red Rocks Park at the Front Range foothills and
then south to Garden of the Gods Park in Colorado Springs . Along the way you can see
characteristic features of the hogbacks on the eastern flank of the Colorado Front Range . These
features were caused by deformation of Paleozoic and Mesozoic sediments during the Laramide
orogeny.
Red Rocks is a city park of Denver, located between Golden and Morrison. The Garden of the
Gods is a city park in Colorado Springs. The areas' sedimentary rocks, ranging from the Fountain
Formation (Pennsylvanian) to the Pierre Shale (Cretaceous). were deposited in alluvial fan,
lacustrine, eolian and shallow marine environments . The units are generally younger to the east,
away from the Front Range . The Precambrian basement is exposed to the west at Red Rocks
Park and near Manitou Springs respectively.

Contents
Geologic Time Scale and Strata of the
Region
Field Trip Stops
Overview of the Geology of the Front
Range region
List of References

Majordomo, Garden of the Gods circa 1880, © Colorado
School of Mines Library.
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Geologic Time Scale and Strata of the Region
Era
Cenozoic

Age (MY)
3- present

Period/Epoch
Quaternary

12
26
38

Tertiary-PI iocene
Miocene
Oligocene

54
65

Mesozoic

135

Eocene
Paleocene

Cretaceous

Formations
alluviums

Castle Rock Conglomerate

Dawson Fm
(Colo.Springs)
Denver Fm
(Golden)
Arapahoe Fm
Laramie Fm
Fox Hills Fm
Pierre Shale
Niobrara Fm
Benton Fm
Dakota Gp

Paleozoic

Precambrian

200

Jurassic

240
280
325

Triassic
Permian
Pennsylvanian

370
415
445
515
600
+600

Mississippian
Devonian
Silurian
Ordovician
Cambrian

Characteristics
Unconsolidated stream &
glacier deposits

Morrison Fm
Ralston Cr Fm
Lykins Fm
Lyons Fm
Fountain Fm

Arkosic ss and conglomerates
Poorly cemented sandstone,
conglomerate, clay, and
volcanic debris
Grey-brown sandstone, clay
Lt grey sandstone, clay, coal
Lt grey/tan sandstone, shale
Dk_grey shale, sandstone beds
Thin bedded shale, limestone
Dk grey shale, siltstone,
bentonite
Lt tan sandstone, clay, silt
Green/purple shale, sandstone
Thin bedded shale, limestone
Grey-red shaley mudstone
White/tan sandstone
Coarse red/tan sandstone,
pebbles, cross-bedding

Gneisses, schists, granites

Events
Continued erosion; at least 3
episodes of glaciation
Uplift & stream downcutting
Uplift of the region
Conglomerate with volcanic
fragments
Laramide Orogeny: Rocky Mts.
rise and erode; Golden
Fault; Golden area volcanics

Near-shore beach
Shallow off-shore marine
Near-shore beach
Hot, humid coastal plain

Near-shore beach
Colorado Orogeny: Ancestral
Rockies rise and erode; streams
and alluvial fans
Shallow marine
Shallow marine
Shallow marine
Shallow marine
Shallow marine
Mountain building events
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ITINERARY
Downtown Denver Convention Center to
Red Rocks Park, Morrison CO
Denver sits in a topographic and structural
basin . Looking W, you can see the Front
Range and its Tertiary Pediment, a roughly
flattened erosional surface about half way
up the mountains' silhouette. As we
approach Red Rocks Park you can see the
ridges of the Dakota Hogback, formed by
the uptilt and deformation of the Cretaceous
sedimentary rock sequence during the
Laramide Orogeny. The Dakota Hogback
includes Dinosaur Ridge, which exposes
dinosaur footprints and fossil remains .

At the Park's overlook you get a clear view
of the surrounding topography, with Green
Mountain to the NE, metropolitan Denver to
the E, and the valley between the Dakota
Hogback and the Front Range stretching to
the SE . The Mesozoic sediments of the
Dakota Hogback were, like the Fountain
Formation , tilted by the Laramide orogeny.
The Dakota Hogback is Dakota Group
sandstone bordered by soft shales on either
side, Cretaceous Pierre shale and other
softer formations to the east and Jurassic
Morrison shale to the west. Dinosaur Ridge
is to the E of Red Rocks Park.

Stop 1. Red Rocks Park, Morrison CO,
Mile 16

The Park overlook provides a good view of
the Precambrian foothills and the Fountain
Formation that forms Red Rocks Park. The
Fountain Formation was laid down on the
eroded flanks of the Ancestral Rockies by
torrential streams.
The Red Rocks Amphitheatre to the SW has
been closed for renovation . The
Amphitheatre's parking lot exposes a
contact between the Precambrian
metamorphic basement rock and the
Fountain Formation . This sharp erosional
unconformity spans an estimated 1.5 billion
years.

1-70 roadcut through Dakota hogback 1972, © Colorado
School of Mines Library

Red Rocks ParkS to Morrison via Hwy 74,
to C-470
As we drive through the Park, note:
•
Layers of coarse sand , gravel and
pebbles .
•
Cross-bedding {diagonal striations)
formed when streams deposited the
sand .
After exiting the Park we drive through the
town of Morrison . You can see exposures of
the Precambrian basement rock along the
cliff walls overlooking the town .
Red Rocks Park , Morrison CO 2002, © Lisa G. Dunn .

Eon Hwy C-470, then Son 1-25 to Colorado
Springs
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C-470 loops around the Denver metropolitan
area, first running S along the foothills and
then E into the Denver Basin. This area is
characterized by rolling hills dissected by
stream beds, composed of the Tertiary
Denver Formation that fills the Denver
Basin. The routeS on 1-25 crosses the
Denver and Dawson Formations, mostly
light-colored tan and yellowish sandstones
and conglomerates.
Along the way ...
Castle Rock. The small butte NE of the
town of Castle Rock is composed of erosionresistant Castle Rock Conglomerate. This
Conglomerate may be the remnant of a
huge alluvial fan formed by the ancestral
South Platte River, which flowed N of Pikes
Peak. It contains clastics of volcanic rocks
probably derived from the Oligocene Thirtynine Mile volcanic field.
Rampart Range. Between the highway and
the mountains about 4 miles S of Castle
Rock, you may be able to see isolated pink
rocks rising from the pine forests. This is the
Rampart Range, a faulted anticline of late
Paleozoic sedimentary rocks. These rocks
are the equivalent to those of Red Rocks
and Garden of the Gods but here outcrop
only as small wedges. The Rampart Range
runs all the way to Colorado Springs.

Ill

W up onto the foothills' pediment gravels
and E out onto the sandstone hills.
1-25 to Garden of the Gods Visitor Center
Stop 2. Garden of the Gods Visitor
Center, Mile 93
•
Pit Stop
•
Pick up a Park Map
•
12 minute video

Two surveyors explored this area in 1859 for
the town site of the future Colorado City.
One of the surveyors supposedly suggested
that it would be a "capital place for a beer
garden ." The other surveyor responded that,
instead, "it is a fit place for the Gods to
assemble," giving Garden of the Gods a
better name.

GARDEN Of THE GODS
VfSITOR C£NT£R

A

Monument Hill. This is the high point
between Denver and Colorado Springs,
where the highway crosses the divide
between the Platte River and the Arkansas
River.
Air Force Academy. The Air Force
Academy sits on a young pediment. This
and other nearby pediments are capped by
Pleistocene alluvium . One of these deposits,
the Rocky Flats Alluvium, forms pediments
between Golden and Boulder to theN . To
the S of the Air Force Academy a Paleozoic
limestone quarry worked for concrete
aggregate scars the foothills.
Colorado Springs. The original part of the
city is located in the valley at the joining of
Monument Creek and Fountain Creek, with
hills of Cretaceous and Tertiary sandstone
to the E. As the city has grown it has moved

Used with permission of the Garden of the Gods Visitor
Center, 2002.

From the Visitor Center, you can look W to
see the rock formations of the Garden of the
Gods, with Pikes Peak (elev. 14,109 ft .)
framed in the background . Pikes Peak is
composed of the Precambrian Pikes Peak
Granite. The North and South Gateway
Rocks are the prominent red outcrops in the
center of your view. They are composed of
the lower unit of the Lyons Formation .
Faults S of South Gateway Rock and N of
North Gateway Rock truncate the
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stratigraphy. The valley between the
Gateway Rocks and the Visitor Center is
underlain by the Benton Shale, Niobrara
Limestone and Pierre Shale, and partially
covered by alluvium . The Visitor Center
rests on Quaternary alluvium .

between is the Lyons' middle valley-forming
arkosic conglomerate.
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As you approach the gap between North
and South Gateway Rocks, you can see
good examples of crossbedding delineated
by erosion on the N face of South Gateway
Rock.
Take the trail to the right (W) to the Sentinel
Rock, the rock spire between the two
Gateway Rocks. The Sentinel exhibits the
interfingering of the wind-blown Lyons dunes
with the Fountain stream channel deposits.
You can see graded bedding, conglomerate
layers, and prominent ripple marks on the
Sentinel.

Group of

of the Gods circa

© Colorado School of Mines Library

Stop 3. Perkins Central Garden Trail
Loop, Garden of the Gods.
Walking Tour

Fault-From the North Main Parking Lot,
walk W up the Juniper Loop road for about
50 yards. Look back at the N end of
Gateway Rock to see one of the Park's
faults. The upturned beds of the Fountain
Formation contact the vertical wall of the
Lyons Formation .
To theN the Dakota Formation forms
lichen-covered pink and buff sandstone
hogbacks, but throughout most of the Park
the Dakota appears only as tiny outcrops .
Garden Trail-Retrace your steps back to
the parking lot, where you can follow the
Garden Trail into the Park.
The Garden Trail first takes you between
two ridges. On the right (W) the lower red
unit of the Lyons Formation forms North
Gateway Rock; on the left (E) is the upper
white unit of the Lyons . The valley in

Steeple Rock, Garden of the Gods circa 1880, ©
Colorado School of Mines Library

Continue S on the trail , then go right at the
next fork and follow the short loop trail
around the thin fins of red cross-bedded
sandstone.
A fault passing S of South Gateway Rock
truncates the white Lyons and Morrison
hogbacks immediately N of Gateway Road
and juxtaposes these units against the red
Lyons Formation at the Send of South
Gateway Rock. (You may be able to see
this better from the road E of South Gateway
Rock as we leave the park .)

GSIS Proceedings 2002

113

GSIS Field Trip

Take the left forks along the trail to return to
Sentinel Rock, and back to the parking lot.

The Paleozoic is represented in this area by
marginal outcrops of sedimentary rocks .
Cambrian to Pennsylvanian. -600-300 MY

Garden of the Gods to 1-25, N to return to
the Denver Convention Center
End of Trip: Denver Convention Center,
Mile 162

REGIONAL GEOLOGY: COLORADO
ROCKY MOUNTAIN FRONT RANGE
Precambrian Era

The Precambrian in this area is represented
by metamorphosed and deformed
Precambrian basement rocks . Most of the
Precambrian is unrepresented or very poorly
represented by the geologic record .
Mountain building (orogeny) episodes
occurred in this area. In the heat and
pressure, rocks were folded, deformed,
partially melted, and recrystallized to
become metamorphic rocks-gneisses and
schists. Magma intruded into this rock to
form veins, pods and massive bodies of
granite. These rocks form the Precambrian
basement, the core of the present-day Front
Range.
These mountain-building episodes were
followed by long periods of geologic
"stability" and erosion of highlands.
Mountain ranges were beveled down to their
roots by erosion, shedding debris off to the
lowlands.
Pikes Peak Granite (Precambrian):
Metamorphic and granitic rocks underlie
the Paleozoic and Mesozoic stratigraphy
of the Garden of the Gods . The Pikes
Peak Granite is exposed near Manitou
Springs to the west at the
Precambrian/Phanerozoic contact. At
this exposure the Pikes Peak is a
coarse-grained red granite.
Paleozoic Era

This area was covered by a warm shallow
sea. From the western shoreline, the sea
bottom sloped gently eastward and the sea
extended far to the east. Although the sea
remained relatively shallow, sea level pulsed
up and down over time. Marine limestones
and shales containing the remains of fish,
shellfish, and other marine animals were
deposited in thick layers in this shallow sea.
The Colorado Orogeny took place in the
Pennsylvanian, about 300 MY ago. Two
great island mountain ranges were uplifted
to our west to form the Ancestral Rocky
Mountains. This event deformed and folded
the older rocks of the region, including the
already-deformed Precambrian rocks.
Older Paleozoic rocks do not outcrop in the
area of Red Rocks Park. Near Colorado
Springs, a sedimentary sequence of beach
sandstones, tidal flat dolomite and marine
limestone lies unconformably on the Pikes
Peak Granite at Manitou Springs .
Pennsylvanian to Permian. -300-240 MY
The Ancestral Rockies, like all topographic
highs, began to erode as soon as they were
uplifted. Erosion stripped their cover of
marine sediments and other rocks and then
started to wear down the mountains' core of
Precambrian rock, assisted by episodes of
glaciation . Huge amounts of sand, silt, and
gravel were carried down to the floodplains
and deltas by rapidly flowing streams .
This debris was deposited here on the
mountain flanks and in low-lying areas as
sandstones, siltstones, and conglomerates
collectively known as "redbeds ." These
sediments formed the Fountain Formation
at Red Rocks Park, Boulder's Flatirons and
Colorado Spring's Garden of the Gods on
the east side of the Ancestral Rockies . On
the west side of the Ancestral Rockies
across today's Continental Divide they
formed the Maroon Formation between
Glenwood Springs and Aspen.
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episodic tectonism in the ancestral
Rockies .

Mesozoic Era
The Mesozoic is represented in this area by
thick sequences of sedimentary rocks,
including those of the Dakota Hogback and
Garden of the Gods, and valley-forming
softer rocks .
Triassic to Cretaceous. -240-65 MY

In the late Paleozoic sea level rose in this
area, encroaching from the east onto the
remnants of the Ancestral Rockies and onto
the thick beds of stream sediments . This sea
deposited near-shore and shallow water
marine sediments in the region .
Fountain Formation (Pennsylvanian):
Conglomerates, arkosic sandstones
siltstones and shales deposited in '
alluvial fans and deltas. Lithic fragments
and fluvial structures in the bedding
indicate braided stream conditions. The
Fountain Formation is up to 900 meters
thick in the Manitou Springs Embayment
(nonmarine alluvial fan deposits) to the
W of Colorado Springs, but wedges
rapidly to the E as coastal marine/fan
delta deposits.
Lyons Formation (Permian):
Lies conformably on and sometimes
interfingers with the Fountain Formation .
In the Front Range the Lyons consists of
three members that create some of the
Garden of the Gods Park topography-a
lower red and upper white hogbackforming sandstone and a middle valleyforming arkosic conglomerate that
resembles the Fountain Formation .
Outcrops show well-sorted quartz
sandstones and thick high-angled cross
beds deposited in dune fields; these
sediments are sometimes reworked by
intermittent streams to form small-scale
low angle cross beds and planar beds .
The middle arkosic unit exhibits
interaction between dune and stream
environments , possibly reflecting

Late in the Triassic, sea levels dropped. By
Jurassic time, this area was a flat coastal
plain composed of floodplains with sluggish
meandering streams, tidal flats, lagoons,
and beach deposits. Marshes formed in the
hot, humid climate and were buried over
time to form thin coal seams. Outcrops of
the Jurassic Morrison Formation contain
preserved ripple marks and other evidence
of this environment in its soft shales and
interbedded sandstones. Dinosaur Ridge,
south of Golden, shows dinosaur remains
and footprints in the Morrison.
In the Cretaceous, sea level in this area
started to rise again. The near-shore (at the
margins of the sea) sands and silts of the
early Cretaceous Dakota Group and other
formations were deposited, burying the
Morrison muds. These were followed by the
off-shore fine dark muds making up the soft
Cretaceous Pierre Shale.
L~te in ~he Cretaceous, about 75 MY ago,
th1s reg1on was uplifted again and the sea
started to recede . As it became shallower
the shoreline moved eastward, again
depositing sands from beaches and
sandbars. The sea finally receded
completely. The Cretaceous rock sequence,
near-shore to offshore to near-shore, forms
the rocks of the Dakota Hogback. This rock
sequence contains uranium mineralization
coal, and clays mined near the Colorado '
School of Mines in Golden .

Lykins Formation (Permo-Triasic):
Unfossiliferous red shales, sandstones,
siltstones and stromatolitic dolomites.
The siltstones are thinly to very thinly
bedded . The Lykins lies unconformably
over the Lyons and forms topographic
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valleys . The Lykins deformational
environment is arid/desiccated, possibly
playa lake and sabkha.
Morrison Formation (upper Jurassic):
Consists mostly of variegated purple
and green shales and siltstones, with
local interbedded limestones, chert
pebble/bone fragment conglomerates,
sandstones, and gypsum , in
unconformable contact with the Lykins
Formation . The Morrison was deposited
in a variety of fluvial, alluvial plain and
lacustrine environments.
Purgatoire Formation (lower Cretaceous):
Contains two members, a lower coarse
poorly cemented white conglomeratic
sandstone, cross-bedded to indicate
beach deposition, and an upper black
shale of probable lagoon origin.
Dakota Formation (lower Cretaceous) :
Organic-rich quartz and feldspathic
wackes . Occasional trace fossils and
dinosaur footprints are found in this
formation just south of Colorado
Springs . The Dakota at Garden of the
Gods was deposited under tidal flat and
lagoon conditions, and facies
thicknesses vary widely throughout the
Park.

common. The Pierre Shale is
widespread and is the thickest unit in
the Colorado Springs area. Shales were
laid down in shallow anoxic marine
conditions.

Cenozoic Era
The Cenozoic is represented in this area by
the formation of the Rocky Mountains;
sedimentary rocks deposited from uplift and
erosion ; erosional features (valleys,
plateaus , etc.) and streams that form our
current landscape; effects of glaciation.
Paleocene to Miocene, -65-26 MY
The Laramide Orogeny started about 65
MY ago in the Paleocene and spanned
about 20 MY, raising and deforming rocks to
the west to form the present-day Rocky
Mountains.

Benton Group (Late Cretaceous):
Consists of three shallow marine
formations, the Graneros Shale (black
marine shale), Greenhorn Limestone
(marine shale with thin-bedded lime
mudstones), and Carlile Shale (black
shale). The Benton Group is
fossiliferous, containing sharks teeth,
ammonites and pelecypods .
Niobrara Formation (Cretaceous) :
Consists of two members, the Fort Hays
Limestone which forms a prominent
white hogback, and the valley-forming
Smoky Hills Chalk .
Pierre Shale (Cretaceous) :
Black and grey marine shales up to
thousands of feet in thickness,
containing thin beds of organic-rich
wackes and limestones. Fossils,
including pelecypods, foraminifera,
shark's teeth and ammonites , are

Pikes Peak from Devi l's Head [date unknown], ©
Colorado School of Mines Library.

The Colorado Mineral Belt (Golden is just
east of its eastern border) formed during and
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after the Laramide Orogeny. Mineral rich
solutions seeped up faults and fractures in
the rock, sometimes accompanied by
magma intrusions.
The mountains rose along faults, deforming
surrounding strata. The Fountain Formation
and the rocks of the Dakota Hogback were
pushed upward to their present tilted
positions. The dip of these beds is steepest
next to the Front Range, and decreases
eastward until they become practically
horizontal under the Plains.
In the Golden area, uplift occurred along the
Golden Fault. Just north of Golden about
8,800 ft of the stratigraphic record is
missing. (Without the resistant Dakota
sandstone, Golden doesn't have a hogback,
just smaller ridges .) These formations (and
the Hogback) reappear north of Golden just
west of North Table Mountain and form
Boulder's Flatirons.
In the Colorado Springs area, uplift occurred
along the Rampart Range and Ute Pass
faults. The Rampart Range fault separates
the Garden of the Gods area's low-dipping
Pennsylvanian and older rocks in the fault's
hanging wall from the vertically dipping
younger rocks of the footwall. To the north
the fault superimposed Precambrian rocks
of the Rampart Range over Paleozoic and
Mesozoic formations.
As the mountains rose, the neighboring
regions to the east and west sagged and
sunk downward, forming basins. As the
Rockies eroded, the basins received the
resulting sands, gravels, and muds, and
continued to sink as they filled with debris.
The Denver Basin to the northeast of
Colorado Springs contains sediments up to
13,000 feet thick at its deepest part near the
mountains and 6,000 feet thick near
Colorado's eastern border. The Denver and
Dawson formations are part of this
sequence. Oil and gas have accumulated in
some strata in the Denver Basin .

Denver Formation (late Cretaceous/early
Tertiary):
Some 1,400 ft of thick coarse gravelly
sandstone and conglomerate. At that
time, the climate was temperate, slightly
warmer and wetter than today. During
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the deposition of the Denver Formation,
there was volcanic activity in the region;
volcanoes ejected ash and dikes
intruded into rock layers near Golden
and further south between Colorado
Springs and Pueblo.

Dawson Arkose (late Cretaceous/early
Tertiary): Arkosic conglomerate with
sandstones and siltstones, lies
unconformably on the Denver
Formation . In the Colorado Springs area
up to 1,000 feet of the Dawson is
preserved to the northeast.
By 30 MY ago, erosion had worn down the
Rocky Mountains and mostly buried them in
their own erosional debris . The sands,
gravels and silts of the eroded Rockies filled
the low areas in between peaks, the
bordering basins, and spread out in a broad
sloping apron of sediment all the way east to
Nebraska and Kansas to help form the High
Plains. The Golden area, for example, was
buried under thousands of feet of
sandstone, conglomerate and siltstone, here
at the thick end of this long, wide wedge of
sediment.
The surface of the Rocky Mountains was
beveled off level down to this debris layer,
except for scattered peaks remaining above
it. This beveled-off surface is the Tertiary
Pediment. If you're coming from the east
towards Denver, you can see it as a
flattened area up the mountains at about
8,000-9,000 feet in elevation.
Miocene to Quaternary. -26 MY to present
The Miocene-Pliocene uplift, about 28-5
MY ago, raised the entire region as a broad
dome stretching from Kansas to Utah. This
area, along with the Rocky Mountains, was
raised about 5,000 feet. The uplift caused
renewed erosion, stripping away sediments
from the almost buried Rockies and scouring
the Tertiary Pediment. Streams cut into the
Pediment, creating deep valleys and
establishing many of the area's present-day
stream drainage features.
Streams also eroded a broad shallow trough
between the Pediment and the High Plains
to the east, removing most of the Tertiary
sediments. You can trace a hypothetical line
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from the 8,000-9,000 ft elevation of the
Tertiary Pediment in the mountains to the
shallow cliffs of the High Plains east of
Limon at about 5,000 ft to mark the original
Tertiary plain. Denver, Golden and Colorado
Springs lie within this eroded region.
Old erosion surfaces mark the area at
various stages of the Miocene-Pliocene
uplift. As uplift continued, easterly-flowing
streams gained energy, digging steep
gorges into the Precambrian rock and
scouring out sediments. Erosion ate away at
the Denver Formation and other Tertiary
rocks. These rocks were removed except for
those areas where they were protected by
more resistant materials.
Quaternary deposits in the area are
unconsolidated, mostly sands , silts, and
gravels. They cap erosional terraces and
cover stream valley floors. Teeth and bones
of elephants, bison, and camels have been
found in the Quaternary during construction
of foundations and pipe laying near Golden .
There were at least three episodes of
mountain glaciation in the Quaternary.
Quaternary sediments were deposited
during the region's interglacial periods when
the streams were swollen and carried great
loads of sediment down out of the
mountains. Wind-blown silts from glacial
debris form a thin layer over some of the
area.
Eventually, the climate became more
moderate and drier, the glaciers melted, and
the streams became smaller, cutting into the
loose Quaternary sediments and leaving
terraces on the valley sides. Quaternary
terraces can be identified by their low flattopped silhouettes to the east and west as
you drive north on Hwy 93 between Golden
and Boulder. Recent growth and suburban
sprawl have pushed development onto the
tilted sedimentary beds of the Front Range.
Some of these rock formations, particularly
the Pierre Shale, contain zones of expansive
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clays, known as heaving bedrock; these
layers swell and heave up the overlying soil
and damage buildings and road surfaces.
This damage is accelerated in places by
extensive lawn irrigation .
During the Cenozoic Era, gold from the
Colorado Mineral Belt was worn out of the
rocks, and washed down in some streams to
form placer gold deposits in the stream
sands and gravels. These deposits were
originally panned and later mined
hydraulically, leaving disturbed drainage and
heaps of gravel and cobbles on some
streambeds. Hobbyists still pan for gold in
the gravels of Clear Creek and other
streams.
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Red Rocks Park, Morrison CO,
© Lisa Dunn , 2002.

.

.

Looking west toward the Foothills, Red Rocks Park, Morrison CO, © Lisa Dunn,
2002.

Field trip participants taking in the view of the Front Range , © Lisa Dunn , 2002.
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..
Garden of the Gods Park. Colorado Springs CO . © Lisa
Dunn . 2002.

Garden of the Gods Park. Colorado Springs CO. © Lisa Dunn . 2002.
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