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The specific image on the cover is a section of Boston. The orthophoto is centered near the Park Plaza 
Hotel, the co-headquarters hotel of the Geological Society of America 2001 Annual Meeting. Most of the 
Geoscience Information Society sessions were held at the Hynes Convention Center and Sheraton Boston 
Hotel in the cluster of tall buildings to the left of center. The long diagonal bridge over the Charles River 
on the left is officially called the Harvard Bridge. This stretch of Massachusetts Avenue is known for its 
measurement in Smoots, the length of a MIT student who was used as a measuring stick in the 1958 when 
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The GIS meeting attendees walked across the bridge to MIT after the Business Meeting. There was a brief 
walk through the Infinite Corridor and a tour of the Science Library, the third large building to the right of 
the bridge on the Cambridge side of the Charles. The visit to MIT ended with a reception in the Lindgren 
Library, in the tower just above the Science Library in the image. 

The upper right side of the image shows downtown Boston, part of the warehouse district, part of North 
End, and Beacon Hill (the section with low buildings near the right bridge over the Charles). The GIS field 
trip at the end of the conference meandered through these areas in a search for evidence of the changing 
landscape of Boston. 

This image is an example of the wealth of information that researchers, librarians, and the public now have 
at their fingertips. The orthophoto is an example of how geoscience information has made an odyssey into 
a new millennium from paper to a widely distributed digital format. 
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PREFACE 

The Geoscience Information Society (GIS) was established in 1965 as an independent, nonprofit 
professional society. Members include librarians, information specialists, and scientists concerned with all 
aspects of geoscience information. GIS has members across the United States and in fifteen other countries. 

GIS is a member society of the American Geological Institute (AGI) and an associated society of the 
Geological Society of America (GSA). The GIS Annual Meeting is held in conjunction with that of GSA, 
and the papers, posters, and forums presented there are part of the GSA meeting. 

Oral presentations of the papers in the proceedings were given at the 2001 GSA Annual Meeting in Boston. 
Massachusetts, November 1-10,2001. The papers are arranged in the order in which they were presented. 
The editor made minor grammatical and spelling changes. The authors are solely responsible for the 
opinions and ideas expressed herein. 

The proceedings volume is divided into four parts. 

1. Oral papers presented at the GSA Topical Session: "Geoscience Information: A Dynamic 
Odyssey" on November 5. Speaker biographies are included at the end. 

2. Posters presented at the Geoscience Information poster session on November 8. 
3. Reports from GIS Forums. 
4. Guidebook for the GIS Field Trip: "The Boston Shoreline- Historical Scouring and Accretion." 

held on November 8. 

Thanks go to all the presenters, the session chairs, and Barbara DeFelice who co-convened the Topical 
Session. Thanks also go to the committee members who helped make the forum sessions a success. I also 
thank Olympia Caceres-Brown and Remlee Green for assisti ng in the preparation of this volume. Finally, 
I thank all the members who joined me in Boston for the conference. 

Michael Mark Noga 
GIS President 2001-2002 
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Part 1: Topical Session 

"Geoscience Information: 
A Dynamic Odyssey" 

Co-convenors: 

Michael Mark Noga and Barbara J. DeFelice 
November 5, 2001 





GEOSCIENCE INFORMATION: A DYNAMIC ODYSSEY-- INTRODUCTION 

Michael Mark Noga 
MIT - Science Library 

14S-134 
77 Massachusetts Ave. 

Cambridge, MA 02139-4307 

We find ourselves in a journey from a 
geoscience information system based on paper 
journals, maps, and CD-ROM discs to one that 
also includes electronic journals, preprint 
servers, geographic information systems, digital 
mapping, and Web access to large data sets, 
images, and databases of all sorts. The geoinfo 
editorial and distribution system has expanded 
from one primarily based on professional 
societies, commercial publishers, and geological 
surveys to one that includes several researchers 
who provide direct access to their results via 
their own Web sites. 

Libraries have changed their focus . Preservation 
practices have evolved with changes in 
formats. New media have presented challenges 
and opportunities for different types of 
instruction programs. The start of new 
millennium is a good time to look at changes in 
technology, funding, and focus toward users. 
Odysseus had a goal, but went through 
several trials and challenges on the way. Our 
speakers described some of their 
challenges and how they move towards the goal 
of creating, analyzing, finding, and 
distributing geoscience information. 

The GSA Annual Meeting was held last in 
Boston in 1993. I looked at some of the papers 
from the Geoscience Information Society 
sessions at that meeting. Here are some 
statements and predictions, which will remain 
anonymous. One speaker said: "This is a 
period of unprecedented change for libraries." 
Well, that still holds. 

Another said: "A continuous state of change is 
the normal environment for many geoscience 
information providers." 
That sounds familiar. 

Another speaker said: "Simultaneous to the 
development of CD-ROM based products, more 
journals will be available online, mostly by 
means of experimenting." 
I think that we have moved along there. 

And finally: "Electronic media will not 
necessarily be cheaper than paper." 
Tell me about it. 

The session started with three talks about how 
libraries have changed: 
--Lisa Dunn spoke about academic libraries, 
including their relationship with the government 
and corporate sectors. 
--Clara McLeod talked about academic libraries, 
particularly geoscience branch libraries. 
--Connie Manson talked about geological survey 
libraries. 

The next two presentations concerned some 
specific challenges faced by libraries: 
--Adonna Fleming talked about the challenge of 
teaching geoscience bibliographic instruction in 
the digital age. 
--Ellen Duranceau spoke about the rapid changes 
in the acquisition of digital resources. 

The following three talks concerned issues of 
digital knowledge: 
--Ian Duncan spoke about digital geologic 
products. 
--David Stuve talked about a project to preserve 
the intellectual output of an academic institution. 
--Christopher Badurek talked about geographic 
information systems. 

The next section included three presentations 
that look at aspects of the electronic literature: 
--Jim O'Donnell talked about the extent which 
faculty publications are available electronically. 
--Y.C. Fang talked about using data mining to 
uncover usage of the hydrological literature. 
--Barbara Haner talked about the dissemination 
of seismic information. 

The final two papers by Charlotte Derksen and 
Kristi Jensen, look at the accessibility of USGS 
publications today. 
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The poster session continued the theme of the 
changing face of geoscience information 
production, distribution, and access. 
--John Kawula presented textual and 
cartographic examples that show the potential of 
the U.S. Serial Set for historical geoscience 
research. 
--Linda Musser demonstrated an experiment in 
providing remote access to indexes to geologic 
map sets. 
--Stephanie Leicester showed how the virtual 
Antarctic Master Directory is a portal to antarctic 
data sets. 
--The Kansas Geological Survey presentation 
showed how the Internet was used to maintain 
and distribute their data and out-of-print 
publications. 

Both the topical and poster sessions demonstrate 
the dynamic nature of geoscience information 
and its impact on the geoscience community. 
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CHANGES IN GEOSCIENCE INFORMATION PROVISION AND THE ROLE 
OF THE ACADEMIC LIBRARY OVER A DECADE: DENVER, COLORADO 

1990-2000 

Lisa G. Dunn 
Colorado School of Mines Library 

Golden CO 80401 
I dunn @mines.edu 

Abstract-- In the past decade there have been significant changes in the provision of geoscience 
information. These changes have altered the relationship between academic, government and corporate 
libraries, which has in turn altered the relationship of geoscience information users to their libraries. In 
metropolitan Denver, Colorado, geoscience libraries faced rapid advances in technological applications 
during a time of changing economics in the minerals and hydrocarbon industries and reduced funding for 
information dissemination. As a result, the traditional model of the organizational onsite geoscience library 
providing users with their primary information needs has been increasingly superceded by the new model 
of electronic access and shared offsite resources. Academic libraries play a key role in this emerging 
model. The Colorado School of Mines library has experienced the effects of these changes in geoscience 
collections and resources, and has participated in the shift from supplementing outside users' organizational 
libraries to replacing them. The decade's changes in geoscience information provision have an impact on 
the extent and type of academic library services offered to the public and on the service choices available to 
all academic libraries. 

INTRODUCTION 

There have been major changes in the 
availability of information resources in the 
academic, government and corporate spheres in 
the last decade. Many of these changes, such as 
journal price inflation and cancellations, funding 
for staff and services, or support for technology, 
are part of broader trends in information 
management and affect all libraries . Geoscience 
information has been affected by these changes 
but has also been particularly vulnerable at many 
levels to inadequacies in government funding 
and to the economics of the minerals and energy 
industries. The US Geological Survey and the 
US Bureau of Mines, both important information 
providers, were threatened with severe budget 
cuts or closure during the 1990s (Svaldi, 1994; 
Schiffries, 1995 ; Applegate, 1996; Stokstad, 
2001). Corporate geoscience libraries, which 
typically hold a wealth of specialized 
applications-oriented materials, have been 
threatened by the effects of continued economic 
downturns on their parent organizations. 

During the same decade, developments in 
information technology encouraged a shift in 
resource funding from traditional collections and 
services to electronic publications and document 
delivery, making resource sharing more feasible. 
The proliferation of electronic library catalogs 

and databases, full electronic text, graphic files, • 
and World Wide Web resources have given 
people ready knowledge of a wider range of 
information sources and improved their ability to 
use these sources from off-site locations. 

The Denver metropolitan region in Colorado has 
been strongly affected by changes in geoscience 
information provision. Colorado, and Denver in 
particular, have strong associations with 
geoscience organizations and a shared history 
with the mining and energy industries in the 
western United States. Metal mining helped open 
up the Colorado Territory in the 1860s, followed 
closely by coal production in the 1870s, 
petroleum exploration and production in the 
1880s, and later by exploration for radioactive 
minerals. As a major transportation center, 
Denver became the home of exploration 
companies operating in other western states; 
government agencies and programs in higher 
education were established in the region to 
support these activities. 

Because of this historical association with the 
minerals and energy industries, many geoscience 
libraries of significance to both private and 
public users were also located in the region. 
Universities maintain well-established publicly 
accessible geoscience collections. Government 
agencies have supported geoscience-related 
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collections for government employees, with 
some access for the public. (The USBM has had 
offices in the region since its foundation in 
1910.) Many mineral, hydrocarbon, and 
environmental companies located in 
metropolitan Denver have supported corporate 
libraries, some of them extensive; although these 
libraries were seldom open to the public, their 
diverse collections were potentially available to 
others by special arrangement and interlibrary 
loan. Most of these libraries experienced major 
impacts brought on by geoscience information 
trends through the 1990s. 

REGIONAL CHANGES IN GEOSCIENCE 
COLLECTIONS AND ACCESS 

In 1990 Denver was the home of the regional 
offices of the US Geological Survey, US Bureau 
of Mines, Environmental Protection Agency, and 
other government agencies involved with the 
earth sciences such as the Colorado Geological 
Survey. Universities with geoscience programs 
Included the Colorado School of Mines in 
Golden and the University of Colorado in 
Boulder. In recovery from the 1980s minerals 
and energy market slump, almost thirty of North 
America's largest mining companies had 
established regional or main offices in the 
Denver area (Denver Business , 1989). The 
region already hosted numerous mineral and 
hydrocarbon exploration companies, including 
Cyprus Minerals, Amax, Exxon, and Marathon. 
Taken together, these and other organizations 
maintained a large and diverse body of 
geoscience information in the form of 
organizational libraries. Technological 
applications to information management were 
advancing and being used enthusiastically by 
libraries (some may remember Gopher), but the 
main attraction was probably that information 
professionals could see the possibilities inherent 
in the technology. 

By 2001 conditions had changed. Although 
government libraries were increasing their use of 
technology-based resource~ (NCES, 1998), 
continued reductions in government support 
adversely affected some libraries' ability to 
function or even to survive. Among the major 
impacts in geoscience libraries was the closure of 
the US Bureau of Mines Denver Research Center 
and library in 1995 with the dissolution of the 
USBM as an agency (Chronis, 1995 ; Centofanti, 
1996). Other federal government libraries, most 
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notably the USGS Library in Denver, had faced 
threats to their budgets. The USGS library 
system's budget has been hit repeatedly; 
proposed major budget cuts in 1997 in particular 
caused great concern among the libraries' users 
(AGI, 1997; Garwin, 1997; Nature, 1997). 
Although regional environmental companies 
remained active in resource and remediation 
projects, the DOE-managed Rocky Flats 
Environmental Technology Site near Denver, a 
major contractor of environmental operations, 
was adversely affected by DOE budget cuts and 
laid off thousands of workers including 
geologists, soil and water analysts, and 
groundwater specialists, over the decade 
(Scanlon, 1991; Gutierrez, 1996; Bemski, 2001). 

The mineral and hydrocarbon industries have 
historically been vulnerable to economic 
fluctuations; a series of industry downturns 
through the 1990s led to a decline in jobs and 
significant reductions in regional operations. 
Regional corporate office closures included 
Exxon in 1990, Amoco, Chevron, Mobil, and 
Cyprus Minerals in 1992, and the latest, 
Marathon in 2000. Other companies 
implemented austerity measures or participated 
in mergers and acquisitions to stay viable (Day, 
1993; Aven, 1998; Feltus, 1999; Kral, 2000); 
these companies included Cyprus Amax Inc., 
Newmont Gold Inc., Texaco, Amoco, Forrest Oil 
Corporation, Crown Resources Corporation, 
Coastal Corporation, and many smaller 
companies and independents. Companies 
dismantled their corporate libraries or heavily 
reduced their support, a trend apparent in the 
1980s but that accelerated through the 1990s. 
Library materials were sent to corporate offices 
elsewhere, donated to other libraries, or 
discarded. Geoscience information specialists in 
these libraries left, taking their expert knowledge 
with them. The active informal network of 
document delivery among corporate geoscience 
librarians shrank drastically (Stark, 2001 ). 
University libraries, although not unscathed over 
the decade, fared better than most corporate or 
government libraries. If their collections dido 't 
grow satisfactorily, at least they remained intact 
and the libraries retained their geoscience subject 
specialists. 

Despite these problems, technological 
developments applied to interlibrary loan, 
document delivery, and information research 
made geoscience information available to users 
as never before. (National Center for Education 



Statistics (NCES) surveys of academic and 
government libraries in the 1990s record the 
growth of technology-related services (NCES, 
200 I a, 200 I b, 1998).) The library catalogs of the 
Colorado universities and the USGS became 
accessible via the World Wide Web during this 
decade, making it relatively easy to identify and 
locate geoscience materials owned locally. The 
Colorado Alliance of Research Libraries, the 
regional consortium including most Colorado 
academic libraries, expanded electronic access to 
collections and databases even as individual 
libraries migrated to other bibliographic utilities 
and upgraded hardware and software. Colorado's 
union catalog Prospector, which became 
available in 1999, further improved access by 
allowing users to search member libraries' 
holdings simultaneously and place unmediated 
electronic interlibrary loan requests. (A 
Prospector search using the keyword "geology" 
retrieved over 31 ,400 hits in December 2001, 
even though the Colorado School of Mines 
Library's catalog is not yet loaded.) The 
development of the Web itself has changed the 
face of information provision and made 
electronic publications feasible in practice as 
well as theory . 

With the overall reduction in support for earth 
science organizations in the region, the 
geoscience user population has of course 
decreased and changed in composition as well. 
However, a need for geoscience information 
remains-people still require information on 
geology, land use, site remediation, mineral 
resources, and other geoscience topics . 
Unfortunately, there are now fewer geoscience 
libraries and librarians to provide this 
information. In this regional environment of 
diminishing geoscience collections and 
information professionals, people changed their 
information-gathering behaviors to make 
increasing use of the remaining local resources 
and exploit the growing capabilities of 
technology. 

The regional academic library with a geoscience 
collection is an obvious target for these people. 
Academic libraries have always been an 
attractive resource for outside users. Reflecting 
their missions, academic libraries have extended 
hours and liberal access policies compared to 
corporate or government libraries. Libraries of 
state universities usually have public service 
mandates; access to collections and reference 
services is geared at least in part to accommodate 
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the public as well as academic users. Materials 
circulate to a wider user group and interlibrary 
loan expands this population. In addition to the 
academic library, the development and 
widespread use of technology for access to 
information assumed greater importance for 
outside users, and altered not only their 
behaviors but their expectations as well. For 
geoscience information users, the loss of regional 
information resources was in part balanced by 
these technological improvements. Some of 
these users turned the economic necessity of 
losing their organization's library into a virtue by 
exploring these technological developments as 
replacements for the organizational library. 

Changes in geoscience information provision, 
the regional shift in resources, and the changing 
behavior of geoscience information users have 
created a move from the traditional model of on
site libraries and librarians with outside libraries 
as secondary resources to a new model: that of 
electronic resources and remote access with 
outside libraries as primary local resources. In 
doing so, the burden of information provision 
has shifted from one shared between user and 
organizational librarian to one resting almost 
entirely on the user. Users' information
gathering strategies and their interactions with 
librarians have had to be adjusted accordingly. 
Although these changes have brought problems 
to the Denver metropolitan region, they have 
also created challenges and opportunities for 
looking at information provision in new ways . 
Because of the relative shift in information 
provision and ownership away from corporate 
and government libraries and toward academic 
libraries, the Arthur Lakes Library at the 
Colorado School of Mines has found itself 
reviewing its relationships with other libraries 
and with library users, and has adapted to take 
advantage of the new environment of geoscience 
information. 

COLORADO SCHOOL OF MINES 
LIBRARY: CHANGING RESOURCES 

The Arthur Lakes Library at the Colorado School 
of Mines in Golden, Colorado (part of the 
Denver metropolitan area) has a geoscience 
collection reflecting the School's beginnings as 
an institution of mining and economic geology in 
1874. Its collections are strong in the subjects of 
local and regional geology, economic geology, 
mining and petroleum exploration, and 
associated environmental subjects. As a partial 

7 



GIS PROCEEDINGS, 2001 

USGPO depository since 1939 the Library 
maintains a large collection of USGS, USBM, 
and EPA publications. The Library's map 
collection is one of the largest in the western US. 
Our relatively small size ( -400,000 volumes, 
excluding journals, maps and microforms) and 
historical acquisitions have resulted in very 
focused and specialized collections. Although 
members of the CSM community have priority, 
the Library's mission as a state institution 
includes strong emphasis on information support 
for the public. The Library is open an average of 
over 90 hours/week during the academic year. 
Reciprocal circulation and loan agreements with 
the Colorado Alliance of Research Libraries 
provide ready access to outside users . Similar 
agreements with government agencies such as 
the USGS and EPA are in place. Outside users 
have access to reference services and on-site 
access to databases and electronic journals 
comparable (with a few exceptions) to that of 
CSM users. Private library memberships and for
fee research and document delivery services 
provide additional access to collections and staff 
expertise. 

Because of liberal access policies and a strong 
collection, the Arthur Lakes Library has always 
played an important supporting role for regional 
academic, government and corporate geoscience 
information users. The regional shift in physical 
collections and services and the proliferation of 
technology in electronic resources, remote 
document delivery, and other areas over the past 
decade has changed this role for the Arthur 
Lakes Library and the way in which it does 
business in two main areas: collections and 
reference services. 

Collections: Impacts and Responses 

The closure or reduction of geoscience libraries 
sharply reduced the depth and breadth of the 
region's available geoscience information. Much 
of this material, no matter how relatively 
inaccessible to the public, was still intrinsically 
valuable-and costly or out-of-print and 
therefore difficult to replace. Fortunately, when 
faced with a library closure and collections to 
dispose, library managers often preferred to 
donate the materials to a university library, 
particularly the nearby School of Mines, thereby 
allowing some of these materials to be retained 
in the region. Over the decade the Library 
received donations of hundreds of thousands of 
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publications originating from these libraries 
(Sorgenfrei, 2001). These include: 

• Cyprus-Amax Inc., which donated most 
of its regional technical library, 
including tens of thousands of items on 
geology and mineral exploration, with 
the closure of the regional office in 
1994. 

• The US Bureau of Mines ' Denver 
Research Center closure in 1995 
provided the Library with hundreds of 
items. 

• The DOE Rocky Flats Environmental 
Technology Site donated the bulk of its 
on-site library, including materials on 
environmental geology, hydrology and 
chemistry, with that library's closure in 
1996. 

• Newmont Mining donated many 
materials on economic geology over the 
period of the company's reorganization, 
merger, and resulting consolidation of 
information resources . 

• Exxon donated over 70 boxes of maps 
and materials on petroleum and 
exploration geology and related 
technologies in 1993 after repeated 
corporate cutbacks. 

• Marathon Oil Co. donated most of their 
regional library of over 120,000 items 
after the Denver office closed in 2000 
(Simpson, 2001). 

• Oil shale offices and employees donated 
thousands of items, mostly manuscripts 
and technical reports, to the Library's 
Tell Ertl Oil Shale Repository in the late 
1980s and early 1990s as energy 
industry downturns hit the already 
beleaguered oil shale industry. 

In addition to direct donations, thousands more 
items have been received through intermediaries 
or private parties as an indirect result of 
company downsizing. For example, employees 
who were retiring or moving to other corporate 
offices donated their personal geoscience 
libraries, some substantial, to the Arthur Lakes 
Library. 

Of course, truly "free" library gifts are few and 
far between. All of these items had to be 
processed, cataloged and stored. Materials 
donations and their indirect costs are familiar 
territory to most libraries. A large donation is a 



high-impact event with long-term consequences, 
especially for a small library like that of the 
Arthur Lakes Library. Barriers to gift acceptance 
included the lack of staff to process donations, 
staff concern over work flow, disposition of 
unwanted materials, and storage space for both 
unprocessed and processed items. As collections 
became available to the Library over the decade, 
practical considerations against accepting gifts 
had to be balanced against potential 
improvement of the existing collection. These 
practical considerations could have potentially 
overwhelmed any perceived benefits from the 
staff point of view. Instead, the Library 
responded by revising its mindset about 
accepting large gifts in order to take advantage 
of these opportunities. We developed a strong 
proactive attitude about evaluating a potential 
gift based on its merits; planning how to manage 
it came second. 

Because of this attitude the Library accepted 
most subject-appropriate donations from other 
libraries through the 1990s on the understanding 
that processing the entire gift could take months 
or even years and that disposition was at the 
discretion of the Library as defined by its 
donation policy. A lengthy cataloging backlog 
for donations was accounted acceptable in an 
environment where the typical backlog was 
measured in days. (Most of these materials were 
unique or of historical value that would be 
undiminished by delayed processing.) The staff 
became accustomed to seeing piles of boxes 
tucked into odd building spaces; additional 
storage space on campus was acquired for 
overflow. Of course, library services and work 
flow were negatively impacted on a short term 
basis by these gifts. At one time almost every 
member of the library staff was involved with 
evaluation of collections, donation pick-up, 
sorting, and searching the catalog for holdings. 
Gifts did get processed as time permitted; 
volunteers and student workers were recruited to 
do routine processing and temporary staff were 
hired to assist when the budget allowed. 

The receipt of large gifts became part of the 
Library's way of doing business, and the staff 
was able to aggressively take advantage of other 
opportunities. As Colorado universities faced 
space and budget constraints in the 1990s that 
encouraged them to re-evaluate their own 
collections and focus tightly on priorities, some 
geoscience collections were gifted to the CSM 
Library in the knowledge that the materials 
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would still be available in-state. For example, the 
Library accepted hundreds of Canadian national 
and provincial geoscience agency publications 
from Mesa State College ih Grand Junction, 
Colorado in 1993. In the late 1990s the 
University of Southern Colorado in Pueblo 
donated its collection of thematic maps for all 
non-Western states (Thiry, 2001). The Library 
accepted the entire collection of geological state 
survey publications for non-Western states from 
the University of Colorado-Boulder libraries in 
1998. When the USGS Distribution Center in 
Denver likewise reorganized their operations and 
reduced their inventory of physical items from 
53 million to approximately 17 million, the 
Library had the opportunity to select over 4,000 
items, mostly maps, for its collections (Thiry, 
2001) . The Colorado Geological Survey donated 
its collection of non-Western state geological 
survey publications in 2002. The Arthur Lakes 
Library already had extensive collections of 
these publications; the gifts enhanced them, 
resulting in the most complete and accessible 
government geoscience publication collections in 
the region. 

Reference Services: Impacts and Responses 

Through the 1990s the Arthur Lakes Library 
introduced an Internet-accessible electronic 
catalog, began acquiring database subscriptions. 
and electronic publications, and provided Web 
access from public computer workstations. These 
and other technological developments put more 
information tools in the hands of the end user. 
Like many libraries during this period, the 
Arthur Lakes Library's statistics for reference 
interactions declined slowly; this is attributed at 
least in part to the proliferation of electronic 
reference resources, changes in the way 
reference services are provided, and the 
reduction of the intermediary "gatekeeper" role 
of the reference librarian for routine information 
needs (Kyrillidou, 2000; NCES, 2001b). 
Reference statistics for outside users of the 
Library followed the same trend, although 
outside users continued to make up the same 
percentage of total users. 

Compared to the library user of a decade ago, the 
average academic library user of2001 is more 
technologically sophisticated and has higher 
expectations about the availability of 
information. The changing needs of outside 
geoscience users during the 1990s added another 
dimension to this characterization at the Arthur 
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Lakes Library. These users placed additional 
demands on staff for both subject expertise and 
for quick focused reference interactions. In many 
cases outside users clearly indicated that the 
CSM librarians act as the substitute for a now
unavailable corporate librarian. 

Simultaneously, those same technological 
developments that placed more power in the 
hands of end users were, in the hands of skilled 
librarians, changing our options. As reference 
inquiries in general became more complex, 
reference responses consisted of more decision 
paths based on expert knowledge of electronic 
resources. Expectations pushed reference service 
to everyone further towards delivery of content
rich responses within a small time frame. 
Historically, staff with a variety of experience 
(subject specialist librarians, non-specialists , 
trained classified staff) had worked the Library 's 
Reference Desk. Some of the library staff, 
particularly classified staff, increasingly lacked 
the reference skills or subject expertise needed to 
fully exploit electronic resources or respond to 
specialized inquiries. Even the experienced staff 
were facing contradictions in service as 
technology blurred the local distinction between 
"reference" and "research." CSM librarians had 
traditionally performed information research as 
well as reference for all users, but did so on a 
for-fee basis for outside users. The definition of 
research depended heavily on the time 
commitment as well as the content of the request. 
Increasingly, this same research could be 
performed in a much shorter time-a research 
request that might have taken an entire day in 
1990 may now be accomplished in minutes using 
resources such as GeoRef, electronic 
publications, and Web sites. Search results (with 
the librarian's annotations) could even bee
mailed to the user simultaneously with the 
reference interaction. Technological 
improvements applied to all reference services 
accumulated over the decade, and the reference 
librarians found themselves in the middle of 
providing confused and uneven levels of service. 

In response to these changes the reference staff 
had to revise the definition of appropriate public 
service. Technological developments meant that 
all library users could potentially get a much 
higher level of reference service; outside 
geoscience users' expectations just highlighted 
the resulting issues. Resources for training and 
back-up of reference staff had to be examined. 
More importantly, the ability to provide more 
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flexible and in-depth reference responses 
precipitated discussion about how far reference 
service should go. One concern was that if 
enhanced services amounting to research were 
provided regularly, users would "expect that sort 
of thing all of the time," overwhelming the staff. 
There was also a persistent feeling that somehow 
corporate users in particular should be paying for 
these services instead of getting them for free. 

The Reference Section eventually decided that 
all library users should expect this sort of thing 
(enhanced service) all of the time. Given that 
many routine inquiries were now being 
addressed by the wide variety of electronic 
resources available to end users, it was 
appropriate that the reference staff devote more 
effort to responding to inquiries that required 
more of their skills and subject knowledge. 
Guidelines for for-fee research were revised and 
clarified under this new philosophy. Decisions 
on the scope of reference services had specific 
impacts for the Library. Although the number of 
reference transactions continued to remain static 
or decline slightly, the time commitment to 
reference services for the librarians increased. 
Subject orientations were scheduled on a regular 
basis for non-specialist librarians. Classified staff 
were removed from the Reference Desk pending 
a reevaluation of their role in reference and the 
availability of in-depth training resources. 

Outside users as part of our Library's total user 
population are now getting valuable reference 
services with no direct cost. However, they do 
incur an indirect cost. The Arthur Lakes Library 
is not, despite its long-standing ties with outside 
users, a corporate library. Outside users face the 
inevitable inconvenience of any person using a 
facility in competition with its primary user 
population. Service levels to outsiders are 
subject to rapid change if the university's 
priorities change. Outside users also pay a cost in 
the absence of organizational commitment and 
lack of value-added or priority services they 
could expect from their "own" librarian. The 
Library's for-fee research and document delivery 
services are still available to those who want 
more and the librarians as faculty can offer 
private consulting services under university 
guidelines. However, these services too are 
subject to priorities based on the Library's 
academic mission. 



Benefits of Change 

Both the Library and the region's geoscience 
information users benefited significantly from 
the transfer of collections from other libraries to 
the Arthur Lakes Library. The Library's 
geoscience collections are greatly improved in 
both depth and breadth, particularly in 
government publications, specialized industry
oriented materials, out-of-print publications and 
grey literature such as technical reports and field 
trip guidebooks. Just as important, these donated 
materials have moved from a private arena to a 
public one. Publications that were once 
inaccessible or poorly accessible to the public are 
now readily identifiable via the Library's web
based catalog or OCLC and available for 
circulation under broader access policies that 
include most residents of Colorado and national 
interlibrary loan partners. The anticipated 
inclusion of the Library's holdings in Prospector, 
Colorado's union catalog, should further 
improve access and increase circulation of these 
materials. As an added benefit, unwanted 
materials from the decade's donations went to 
the annual Library book sale, profits from which 
support staff professional development. During 
the 1990s the book sale's income skyrocketed, 
routinely grossing over $15,000. 

Outside users clearly benefit from access to the 
CSM reference librarians and enhanced reference 
services. However, this relationship is not one
sided, not a "free lunch" but a win-win situation. 
The Library pursues this reference policy 
deliberately but not altruistically: we sharpen 
and update our skills on outside users. By 
addressing outside users' complex subject 
queries the librarians increase the breadth and 
depth of their skills and knowledge of geoscience 
information resources. These interactions 
improve current awareness of new developments 
and regional activity and allow the librarians to 
explore interdisciplinary queries that may not yet 
have surfaced in the academic curriculum. The 
librarians get opportunities to maintain contact 
with the pace of information demands in 
industry. Reference interactions for outside users 
can "raise the bar" of performance; they remind 
the librarians forcibly that informal library 
instruction should be succinct and to the point, 
and that some information needs are time-critical 
with serious repercussions for the user (whether 
a business transaction, a grant proposal , or a 
student's grade). An undergraduate may have the 
same sense of urgency as a senior corporate 
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geologist, but the geologist is much more likely 
to have clear expectations and the ability to 
express them to the reference librarian. These 
improvements in reference skills benefit the 
CSM population directly. 

In addition, the librarians develop connections 
with outside geoscience users and generate 
goodwill, enhancing public relations with 
potential donors and future employers of CSM 
graduates. This also creates the potential for 
corporate or government partnerships with the 
academic library. Finally, reputation can be both 
a morale-booster and a marketable quality for a 
reference librarian. By providing expert 
information services to outside geoscience users, 
the librarians expand institutional, library and 
personal reputations outside of the campus. Like 
academic geologists called on to consult in the 
for-profit sector, geoscience librarians gain a 
professional presence while improving their 
skills in a more diverse environment. 

THE EMERGING INFORMATION MODEL 
& ACADEMIC LIBRARY SERVICES 

Geoscience companies locating in Denver and 
those organizations already in Denver are leaner 
and meaner today. There is still a strong need for 
access to both the geoscience literature and to 
geoscience librarians, but this need is met in 
different ways. In this developing information 
climate many organizations intend to acquire 
their information remotely, either from 
commercial sources or from a parent office 
located elsewhere; few intend to support an 
extensive on-site library. The emerging model 
for information support in the Denver region 
devotes available organizational resources to 
remote reference services and electronic 
databases, makes extensive use of document 
delivery and electronic full text, and places more 
of the burden of acquiring information on the 
end-user. Since many geoscience users still 
require print collections and desire face-to-face 
interaction with librarians for their research, 
local sources of information such as the 
academic library become the primary print 
collection, the source for on-site reference 
expertise, and a supplement to resources that the 
organization does not fund. 

Some geoscience organizations in metropolitan 
Denver, such as Leede Operating Company, 
L.L.C. have maintained their operations without 
ever having had a library (Urban, 2001 ); they use 
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the Arthur Lakes Library and other regional 
libraries for their information needs. Others, such 
as Hazen Research, Inc. or Dames & Moore 
(Stark, 2001), have downsized their 
organizational information resources and 
increasingly rely on outside organizations such 
as our Library for services and collections. 
WMC, an exploration company with plans to 
open a corporate office in Denver, provides a 
good example of the new information model : 
WMC planned to use the corporate headquarters 
library in Australia for most of their research 
services and document delivery. However, since 
employees expressed a strong desire for access to 
a physical library, the Arthur Lakes Library will 
be available for hands-on research , browsing, 
immediate information needs, face-to-face 
consultation with a subject information 
specialist, and library orientations for corporate 
staff (Amann, 2000). 

An academic library ' s decision on the quantity, 
quality and extent of services to outside users 
can have a significant impact on resources and 
on services available to all. Any services to 
outside users should be regularly evaluated for 
their impacts on the primary patron population, 
in our Library's case the CSM community. Since 
there are many potential benefits to providing 
such services, it is in the library 's best interests 
to find ways to maximize these benefits, 
minimize impacts on the primary patron 
population and promote support for outsider 
users to library and institution administration. 
Flexible policies, responsive management, and 
technological developments can address many 
concerns, especially logistical concerns, about 
providing these services. The Arthur Lakes 
Library regularly monitors patron use and 
evaluates impacts of policies and technological 
applications. To date, the negative impacts on the 
Library from outside users have been 
outweighed by positive experiences in both 
services and collections. 

By absorbing regional organizations' library 
collections, the Arthur Lakes Library in many 
cases became the outside geoscience users' 
library, with an at least implicit assumption that 
the former users would have access to their old 
collections. Collection use by outside geoscience 
users has not had a significant impact on CSM's 
primary patron population, due in part to 
industry downturns and relocation of 
geoscientists elsewhere. The Library provides 
improved access to its collections through 
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aggressive cataloging, long hours of operation, 
reciprocal borrowing agreements, outside patron 
memberships, and document delivery. Although 
it appears unlikely that the outside geoscience 
user population will regain its former levels in 
the future, increases in regional interlibrary loan 
are anticipated based on academic library trends 
(Kyrillidou, 2000; NCES, 2001a, 2001b). In 
interlibrary loan, the Library faces the paradox of 
a state-funded institution: library collections 
should be shared with state taxpayers to get the 
best "bang for buck," but the primary user 
population should be able to get an item in hand 
in a timely manner. Reducing access for 
interlibrary loan has repercussions for reciprocal 
agreements and public relations and should be a 
last resort, as should reducing outside user access 
privileges. Quick and responsive interlibrary 
loan can be assisted by new technological 
applications and changes in traditional ILL 
procedures. Proactive procedures to 
communicate with users and enforce user 
policies help with the management of all 
circulating materials. Many of these functions 
can be automated using tools such as e-mail or 
Web-accessible patron accounts; the Library 
makes full use of these applications. 

Reference services for outside users are 
monitored to ensure that the CSM population is 
not adversely affected, that outside users do not 
"drain" the reference librarians. Flexible 
responses and technological applications to 
information management allow us to support 
enhanced reference services to all as part of 
regular work flow. A clear understanding that 
outside reference assistance is beneficial to 
academic users of the Library makes this service 
a priority. Procedures for enhanced subject 
reference services to outside users also have 
parallels with library support for distance 
education and Web courses as CSM explores 
these options. 

CONCLUSION 

Metropolitan Denver may be an exaggerated 
example of the changes in geoscience 
information provision over the past decade, but 
organizations elsewhere continue to look at the 
economic viability of their libraries. Geoscience 
organizations shifting to the new information 
model are doing the economically smart thing by 
weighing the benefits of investing in 
organizational information specialists, on
demand information and electronic resources, 



and by relying on publicly accessible neighbor 
libraries for their other needs. 

Geoscience organizations still need information 
specialists who can devote time, effort and 
knowledge to their users' needs; funding a 
geoscience information specialist and the 
electronic resources needed to support them may 
be more cost effective than trying to support both 
the specialist and their tools and a strong print 
library collection. Whatever the academic 
librarian's opinions of an organization's funding 
choices, the decision to support a library rests 
with the organization. There is still some 
professional ambiguity of feeling about 
providing free access to collections or reference 
services for users affiliated with outside 
organizations (especially for-profit 
organizations), in essence replacing the 
information specialist these people should have 
hired or the collections they should have 
supported. The academic library cannot play the 
game of deciding who is worthy of reference 
services; rather, it must follow its mission and 
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Abstract •• In the last decade a number of developments have contributed to changes in the relationship 
between geoscience branch libraries and the departments they serve. These developments include the rapid 
and accelerating advancements in technology, continuing changes in the nature of the geoscience 
disciplines and trends within institutions of higher education. In some distinct ways, the changes in the 
relationship between branch libraries and the departments they serve vary. Today's geoscience collections 
can be found in a variety of administrative structures: within a centralized library, as a separate 
departmental library, or in a combined science library (i.e., physics-geoscience library). Changes within 
academic departments have a powerful influence on branch/departmental libraries in areas such as space 
allocations, staff needs, and service requirements. These areas have been examined in a number of 
publications. This study examines one library and compares and contrasts it to the experiences of other 
geoscience departmental libraries over the past decade. It will focus on the changing relationship between 
the libraries and the departments served. 

INTRODUCTION 

This paper examines the relationship between the 
Earth and Planetary Sciences (EPSc) Library and 
the Earth and Planetary Sciences Department at 
Washington University in St. Louis, Missouri . It 
focuses on developments which have contributed 
to changes in the relationship over the last 
decade. This is a story of the relationship 
between one library and its primary users 
(faculty, staff and students). It does have unique 
aspects to it, but it is a story of a relationship 
similar to the relationships that exist at other 
geoscience libraries . This story is also informed 
by the stories of other librarians whose libraries 
are housed in departmental buildings. We thank 
all of my colleagues at Washington University 
and other institutions whose thoughts and 
comments, along with our own, make up these 
remarks. 

For this historical snapshot, a survey was e
mailed to faculty , graduate students , research 
scientists and staff, and undergraduate majors of 
the Earth and Planetary Sciences Department at 
Washington University. Additionally, it was 
emailed to the other four science librarians at 
Washington University, and geoscience 
librarians at 28 other Association of Research 
Libraries (ARL) institutions (Appendix 1) who 
work in libraries that share a comparable 

physical design. After we received the initial 
responses, we followed up the survey with 
telephone calls and emails. 

INFLUENCES ON LIBRARIES IN THE 
LAST DECADE 

Before discussing the relationship between the 
Washington University EPSc Library and the 
Department in the nineties, it is noted that 
libraries were influenced by the dynamism of 
this decade including factors such as: 

l. The rapidly expanding economy from 1990 
to 2000 along with America 's emergence in 
the nineties as the only superpower in the 
world after four decades of the Cold War. 

2. A very expansive period for colleges and 
universities . The endowments grew rapidly. 
In fact, the endowment of Washington 
University grew from 1.3 billion in 1989 to 

4.3 billion in 2000 during this period (Office 
of the Treasurer, 2001). 

3. The increase in new facilities on campuses. 
Since 1990, Washington University has built 
16 new buildings; 10 residence halls and 6 
new academic buildings with others on the 
drawing board, one being a new EPSc 
Department building. 
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4. The changing landscape of science and 
technology in the University. The graduate 
enrollment in the natural sciences (physical, 
earth, atmospheric, oceanographic, 
biological and agricultural sciences) show in 
1990, a total enrollment figure of 109,364 
students. The total enrollment figure 
increased to 120,325 students in 1995 and 
then dropped to 114,697 students in 1997 
(National Science Foundation, 2000) . The 
number of earth scientists at educational 
institutions has followed a similar pattern. 
According to the National Science 
Foundation/Science Resources Studies 
Division, 1993, 1995 and 1997 Scientists 
and Engineers Statistical Data System 
Reports, in 1993, there were 9200 earth 
scientists (including geologists and 
oceanographers) at U.S. educational 
institutions . In 1995, the number increased 
to 9300 and in 1997 there was a drop in the 
figure to 9100. Also, the interfaces between 
disciplines and sub-disciplines continued to 
shift. 

5. The rapid expansion of computing power 
and desktop computing capabilities. 

The expansiveness of this last decade of the 20th 
century may not continue in the first decade of 
the 21 '1 century. In some ways, it has come to an 
abrupt halt. The economy has slowed 
significantly, building projects at colleges and 
universities are being reevaluated, the federal 
budget surplus of the previous decade is gone 
and the events of September 11th are a visible 
and tragic turn. 

THE WU EPSc LIBRARY AND 
DEPARTMENT 

Washington University is a medium sized private 
research university serving about 11,000 
students; 6,000 undergraduates and 5,000 
professional and graduate students. There are 
eight schools in the university, including the 
Medical School. The university has over $350 
million dollars in research funded from outside 
sources, primarily from federal agencies 
(Washington University Office of Public Affairs, 
2001). 

The Earth & Planetary Sciences Library at 
Washington University is one of fourteen 
libraries, which make up the Washington 
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University Library System. Currently adding 
60,000 volumes a year, the library system has a 
collection of 3.3 million volumes, 18,000 journal 
subscriptions, 22,000 audiovisual materials, 
100,000 maps and 2.8 million microforms and 
electronic resources. There are five science 
departmental libraries (Biology, Chemistry, 
EPSc, Physics and Math). The EPSc Library is 
housed with the department in the original 
building for the department, built in 1925 . The 
library's main reading room is the same as then 
except for renovations in the eighties and 
nineties. The department received additional 
space in a new building in the nineties. All 
departmental librarians are staff members of the 
library system, except for the Physics librarian, 
who reports to the Department of Physics. The 
Medical School Library is on a separate campus. 

Our collection development policy, like most 
geosciences collections, recognizes the need to 
maintain historical and current materials. In 
addition, paper maps are still a vital part of our 
collection. There are the usual multiple formats 
of materials in the collection such as 
monographs, journals, state geological survey 
documents and government documents as well as 
microforms (Appendix 2). Currently, as in other 
research libraries, we are collecting more 
electronic resources, especially electronic 
journals. Other information facilities on campus 
make heavy use of digital images and maps in 
other formats . The Geosciences Node of the 
NASA (National Aeronautics and Space 
Administration) Planetary Data System is 
another information source, also housed in the 
building. Faculty and graduate students have 24 
hour access, and any undergraduate majors 
working with a professor can obtain keys to the 
Library. 

The computing services of the Library are 
primarily supported by the main library at 
Washington University. The EPSc Department 
provides assistance with wiring and connections. 
In previous years, the Department assisted in 
providing technical support and users had greater 
flexibility when using library workstations for 
individual projects. With more centrally 
supported computing facilities, these 
workstations are now less flexible. 

Our library serves a department of 22 faculty 
members, 32 research scientists and staff, and 37 
graduate students. The Department offers an 
undergraduate major as well as science courses 



for non-science students as part of their liberal 
arts requirements. Currently, there are 15 
undergraduate majors as well as 70 additional 
undergraduates who are majors in our 
environmental studies program. In former 
decades, it was called a Geography Department, 
then became the Geology Department and now 
and Earth and Planetary Sciences department. 
The department has been very stable and 
growing. We have colleagues from over four 
decades of service to 2 months of service. The 
teaching faculty increased from 14 members in 
1992 to 20 in 2000 and 22 in 2001. (Appendix 3) 

The members of the Earth and Planetary 
Sciences Department are engaged in a wide 
range of research activities, spanning the 
spectrum of geoscience disciplines from 
Paleontology to Geodynamics. The research and 
teaching strengths cover four main areas: 
planetary sciences, geodynamics, geochemistry 
and continental crust evolution. These research 
areas are further specialized into areas such as 
planetary geology and geophysics, the study of 
extraterrestrial materials, the study of plate 
motions and the interior of the Earth, petrology 
and mineralogy. Additionally, the Department is 
involved in environmental studies and emerging 
interdisciplinary fields, such as geomicrobiology. 
Extensive laboratory facilities also support the 
research activities in the Department. 

HISTORICAL ACCOUNT OF THE 
CHANGES IN THE DEPARTMENT AND 
LIBRARY 

In 1987, as a part of the Department's strategic 
plan, a committee was appointed by the 
department chair to write a 5-year plan for the 
Earth and Planetary Sciences Library. The 
librarian served as a member of the committee. 
The chair of the Department emphasized that in 
order to attain its goal of becoming a Department 
of the highest caliber, the Library needed 
upgrading. Immediate concerns from the 
Department included: a significantly increased 
budget for acquisitions and equipment to use 
special materials such as microfiche, microfilm 
readers and copiers, separate additional funds for 
collections in new subject areas as new faculty 
were hired, and completion of the electronic 
cataloging of holdings, including the extensive 
map collection. Other concerns to be addressed 
during the next 5 years were: renovation of 
existing space for environmental control and 
more efficient use of the area, use of compact 
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shelving and better organization of space to 
increase storage density by at least a factor of 
two, augmentation of Library staff by a data 
management expert to facilitate computerization 
of information about holdings and also holdings 
proper, generation of microfiche or microform 
copies of older volumes, with transfer of the 
actual volumes to a remote location (Pasteris et. 
al., 1987). 

In 1988, a new building was planned for the 
Department. The Library was allocated the 
same amount of space that it had and would 
remain in the original building. The philosophy 
was that the electronic age was here and that 
libraries would not need as much space to store 
materials. This remains an underlying 
assumption of most building projects for 
libraries. Additional space in new buildings is 
usually allocated for users and electronic 
equipment. Due to budget constraints, plans for 
the building were altered and the Library 
remained in its present space. An additional 700 
square feet of space in the current building was 
planned for the library. The Department's need 
for space to house new faculty and graduate 
students prevented this space from being 
allocated to the Library. During the same year, 
the Library and the Department undertook a joint 
project to create a database for the map 
collection, which would eventually include it in 
the online catalog. This project was funded by 
the main library. New furniture was also 
purchased to create a staff workstation and a 
larger reserve area to support the growing 
number of reserve items, which resulted from 
larger undergraduate classes. Many of our older 
government documents and books were moved 
to a remote storage facility located some distance 
from the campus. 

In the late eighties and early nineties, at 
Washington University as at most campus 
libraries, emphasis was placed on the automation 
of the library system. Computer terminals were 
installed and the OP AC (Online Public Access 
Catalog) became a reality. Online searching 
became more user-friendly and the task became 
shared by librarians and patrons who wanted to 
learn to do the searching themselves. The 
Department participated in the decision to buy 
several serials and GeoRef on CD-Roms with the 
intent of networking them in the Department. 
This was also to provide additional space for the 
collection, which was growing with the addition 
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of resources for new faculty in new research 
areas. 

In 1996, the Earth & Planetary Sciences Library 
began the first phase of three major renovation 
projects in its existing space. The map collection 
was split and a part was housed in remote 
storage, now a facility with a pleasant reading 
area which is only a mile away from the main 
campus. The map collection space was converted 
to a map user area and a current periodical 
reading area. Additionally, a computer 
workstation was included in the map user area in 
order to allow for the use of maps in electronic 
format. 

In 1997, the need to secure the collection more 
and the addition of a new half-time staff member 
resulted in a redesign of the 
circulation/reserve/reference and staff work area. 
This also provided an opportunity to add new 
computer workstations and relocate them closer 
to the staff areas. This enabled the staff to be 
more alert and responsive to users by giving help 
and one-on-one instruction more readily and at 
the time of need. 

In 1998-1999, the Library's heating and air
conditioning system was upgraded as a new 
HV AC system was installed in our building. This 
allowed us better climatic conditions for our 
collections. The Department improved their 
computing facilities, faculty members and 
graduate students upgraded their workstations 
and undergraduate majors used the Department's 
computing laboratory. Since the renovation was 
completed, fewer faculty and graduate students 
come to the library. During the renovation, 
students and faculty who used the computing 
capabilities of the Library went to other libraries 
or facilities. The exception is the increased 
number of undergraduates coming to the Library 
for study space because of renovations going on 
elsewhere on campus. 

The surge of electronic information of the 
nineties also saw the cancellation of some 
serials, and annual serials review continues even 
today. Document delivery services allowed 
patrons faster access to materials not housed 
locally. The Department also established several 
library committees to accelerate bringing the 
Library into the electronic age. These 
committees, chaired by departmental members, 
were charged with designing a map catalog 
which could be connected to the Library's 
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webpage and networking GeoRef throughout the 
Department. 

The following section expands the story by 
summarizing the views of some faculty, students 
and librarians at Washington University. Later 
we will examine the views of the librarians at the 
other ARL institutions. The survey was sent to 
all members of the Department: faculty, research 
scientists, research staff, graduate students, and 
undergraduate students (Appendix 4 and 5). The 
responses received can be divided into four 
different categories. The categories are: the 
changing role of the librarian, the change in the 
nature of library services, and the services they 
would like to see added. 

THE CHANGING ROLE OF THE 
LIBRARIAN 

The Faculty, Research Scientists and Staff 

Clearly the faculty see that the librarian's role is 
changing. Although they see the librarian 
continuing to provide some of the traditional 
services, they also recognize the need for 
assistance with keeping abreast of new sources 
of information. Additionally, faculty members 
mentioned the massive amount of information, 
requiring a librarian to help to identify the 
pertinent materials, i.e. Internet resources, new 
interfaces for databases, and subject specific 
resources. One faculty member stated that " ... as 
different technologies evolve, it becomes 
important to ensure that access to past info is 
easily accessible. In a nutshell, librarians will do 
more info coordination now than in the past." 
Another view is that 10 years from now, the 
library will have a reference desk staffed by 
information technologists. The librarian's role 
will be that of an educator on using library 
services, which change on a regular basis. 
Professor Larry Haskin, who chaired the 
department for 15 years, noted the following 
changes in the role of the librarian: 

"Despite the. changes and the trend 
toward easier access of materials by 
computer by individuals, our 
departmental library and its staff remain 
crucial. They provide a sensible 
transition to changes in library style. 
They ensure access to the literature that 
is pertinent to the needs of the faculty, 
staff, and students of the Department of 
Earth and Planetary Sciences. They 



keep abreast (even ahead) of changes in 
the system. They poll the faculty to 
determine how best to spend our budget 
for books and journals (whether 
computerized or hard copy). They train 
us in the changing ways of the library. 
They help students find materials 
pertinent to their geoscience classes. 
They know our faculty, staff, and 
students as individuals, they learn to 
understand our needs, and they smooth 
the interface between what we expect 
from our library and the rest of the 
library system outside. Even if we 
reached a point (which I don't 
anticipate that we ever will) where 
everything was accessible only by 
computer and there were no longer 
shelved books or journals, we would 
still need this cozy interface with 
librarians dedicated to our particular 
discipline and needs. This requires a 
small staff who lives in our building, 
who knows each of us personally, who 
learns to understand what we mean, 
who helps us out, and who identifies 
with our department." 

The Graduate Students 

The graduate student's perspective on the Library 
is an important one because they are our most 
frequent users. Like the faculty members, 
graduate students know that the librarian's role is 
changing. They do see the value of the librarian 
in the traditional sense; for them the librarian's 
role has not changed drastically, but rather the 
type and amount of information has changed. As 
one student puts it, 

"The library-patron relationship is 
changing from 'how to find information' 
to 'how else to find information'. There 
are just so many resources out there that 
there needs to be librarians ... who are 
abreast with what new resources are out 
there, what are the changes and updates . 
Moreover, the librarians are also like 
consultants whom the patrons ask in 
choosing one resource over another. " 

Reference and bibliographic instruction services 
remain important to graduate students. They 
highlight the librarian's role as an instructor and 
value the librarian's ability to emphasize the 
importance of specific resources within their 
research areas. One student notes: 
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" ... graduate students are able to learn 
how to use these [new electronic] tools 
in a very short timescale. Such efficient 
knowledge transfer [from the librarian 
to the graduate student] is most 
valuable." 

THE CHANGE IN THE NATURE OF 
LIBRARY SERVICES 

The Faculty, Research Scientists and Staff 

In discussing specific library services, the faculty 
concur that they use the library services more, 
now that they are remotely accessible. The 
services that were mentioned include: 
• Interlibrary Loan (ILL), specifically the 

speed of the delivery of the requested 
articles, as well as the electronic format 
availability. They especially appreciate the 
online form for making requests and being 
able to track these requests. In addition to 
electronic delivery, they mentioned that the 
quality of the photocopy also improved. 

• Availability of databases on the Internet. 
This eliminates, in many cases, the need for 
mediated searching and provides the ability 
for the user to explore and use databases 
across disciplines. 

• Online Library Catalog. Several faculty 
members noted the convenience of being 
able to search the library catalog from their 
computers in their offices. Others noted the 
ease of searching and the availability of the 
catalog at all times. 

• Electronic Journals. Faculty members have 
mixed feelings about the integration of 
electronic journals. Several members 
appreciated being able to read the abstracts 
of articles and better target their needs for 
retrieval but most noted that they preferred 
reading a hard copy of the article. 

• MOBIUS 1 and Document Delivery. Faculty 
valued the opportunity to request articles 
without using the librarian as an 
intermediary. They saw this as a way to get 
articles faster than ILL. MOBIUS filled the 

1 Missouri Bibliographic Information User 
System (MOBIUS) is a consortium of academic 
libraries with more than 50 member colleges and 
universities in Missouri. 
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same gap for book materials held in other 
collections in the state. 

As always, there are those who prefer to have 
their own collection of materials rather than 
depend on the library to have them. One 
researcher said: 

"As it happens, I probably use the 
library less than most faculty because I 
possess >90% of the literature ever 
printed on lunar sample science. (I 
subscribe to the right journals and I 
have all of the Lunar and Planetary 
Science Conference proceedings and 
abstracts). More and more, ifl need 
factual information or even a copy of a 
journal article, I go to the Internet first 
before going to the library." 

Collectively faculty stated that remote access 
results in less of a need for users to physically 
come to the library and some users mentioned 
that they see the library as a physical entity as 
non-existent in the future. In contrast to this, 
some respondents stated that the library is 
important to them as a gathering place for 
academic and professional interaction with 
colleagues. A few faculty members mentioned 
their use of other information resources, such as 
IRIS, NASA Planetary Data System, and GSA 
data repository.2 

The Graduate Students 

In discussing specific library services, they echo 
the faculty's list, mentioning overwhelmingly 
their use of ILL and ejournals. The graduate 
students are using these services on a regular 
basis and commented on the convenience and 
speed at which they can obtain articles. Almost 
all of the students noted that the electronic 
format was easy for them to download as this 
eliminates the need for them to make 
photocopies of the articles. Additionally, the 
quality of the electronic journal article, printed 
from a computer printer versus photocopied, was 
seen as a positive aspect. Graduate students 
especially liked using the document delivery 
service. This service allowed them to request 
that an article be sent directly to them. 

2 Incorporated Research Institutions for 
Seismology (IRIS) , Geological Society of 
America (GSA). 
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Most students noted that the availability of 
library resources, such as the online catalog, 
databases and electronic journals, limited their 
visits to the library. However, students 
expressed the need to continue to use the library 
as a reading and study space and visiting the 
library less was seen as a convenience. In other 
cases, students viewed this as a disadvantage. 
One student commented, 

"The ability to search the 
catalogs/databases from offices or from 
horne lessens the role of the library as a 
place for learning in an interactive 
context, with books, other people and 
scholarly ambience" 

Of course, there was a maverick who said, "If I 
had my way, I would never actually enter the 
library." 

NEW SERVICES REQUESTED 

The Faculty, Research Scientists and Staff 

In spite of recent enhancements to the OP AC 
such as ernailing of reference lists, the ability to 
request materials from other locations and 
detailed holdings and status information, faculty 
foresee a greater need for further enhancements. 
Additional information on monographs such as 
intended audience and more detailed information 
on the content of books (chapter titles, sections, 
sub-sections, summary) are some of the things 
mentioned. One service they would like have is 
instruction on the use of bibliographic file 
management programs and GIS (Geographic 
Information Systems) software. In addition they 
would like to have a website developed with 
links to current information illustrating GIS 
applications. Most of the research scientists and 
staff members as well as several of the faculty 
members would like to see more online access to 
back issues of journal titles. They also want the 
library to subscribe to additional electronic 
journals. One faculty member notes the impact 
of the electronic age, 

"The library is different in that its 
services have been enormously 
expanded because of full utilization of 
electronic communication and increased 
staffing." 



Overall, most faculty, research scientists and 
staff are content with current library services but 
expect the extension and enhancement of these 
services in the future. 

The Graduate Students 

Most of the comments received from graduate 
students concerning new and/or additional 
library services focused on new equipment, such 
as the desire for better photocopiers and the 
addition of a scanner. The recent addition of the 
new color laser printer is also a service the 
graduate students appreciate. Many of the 
respondents commented on the Library as a 
physical space. The graduate students expressed 
the need to increase the Library's physical space. 
They want more reader/study space, better 
photocopying facilities and, to have th~ entire 
collection in the Library (i.e. no matenals m 
remote storage). One student noted, 

"I would hope . .. that the EPSc 
collection would all be in house . . .I 
would also hope that the library 
becomes more 'reader' friendly. I like to 
study in libraries, but not in the current 
set up." 

Additionally, they emphasized their desire for 
more electronic materials such as digital maps, 
GIS access and more links to online datasets. 

The Undergraduate Students 

Clearly, the use of the Departmental Library is 
not as vital for undergraduates since they have 
the main library. In the EPSc Library, they use 
traditional library services such as reference and 
reserves. Other services mentioned include ILL, 
use of computers for checking email, use of the 
journal collection and to find subject specific 
monographs. When asked about added services 
or changes they would like to see in the library, 
they listed more study and quiet space, longer 
hours and more electronic reserves. One student 
said: 

"Another change would be to have a 
few more tables and chairs. Having a 
quiet study place is important, as well 
as the need to have extra space to 
spread out books, maps, etc." 
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Their comments reflect the use of the EPSc 
Library to meet specific needs in their studies as 
undergraduate majors . 

Over the last 10 years, you can see that our 
relationship with the Department continues to be 
stable. However, the interaction between the 
Library and the Department has been influenced 
by Departmental growth and expectations, as 
well as the EPSc Library's relationship with the 
main library. 

The EPSc Library has always had a departmental 
liaison person or a library committee. During 
the early nineties a faculty member served as 
liaison to the Library. In the latter part of the 
nineties the committee became much more active 
in collection development, though the size of the 
committee remained constant with one member. 
There was general recognition at the end of the 
decade that the number of the committee should 
be increased and we had between 2 and 5 
members. From time to time during this period 
the librarian was asked to work with the faculty 
on special projects and to attend faculty meetings 
to explain or introduce library issues. All in all, 
the Department remained stable under the 
leadership of two chairs. Our primary goal was 
to ensure that excellent communication existed 
between the Library and the Department. 

VIEWS OF GEOSCIENCE LIBRARIANS 
AT ARL INSTITUTIONS 

You now have a part of the story of our library 
during the last decade. The evolution of our 
library during the last ten years may be similar to 
that of other geoscience departmental libraries; 
however, resources and priorities will differ from 
one institution to another. The librarians' 
comments reveal that the similarities are greater 
than the differences and it seems to be all a 
matter of degree. 

In discussing the relationship between the library 
and the departments, we find that the formal 
arrangement is still to have a library liaison or a 
library committee. A few have eliminated these 
because in many cases, the position is a 
"lifetime" appointment and is more consultative 
than advisory. Most of the institutions have one 
or the other. On some campuses, the library 
committee is only one faculty member and the 
responsibilities or charge is the same. One 
librarian states the main role as: "ambassadors 
for politically or sensitive issues or advice on 
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how to take something to the department." A 
few librarians are now invited to attend faculty 
meetings and have been placed on departmental 
committees. This more formal relationship 
between the librarians and their faculty members 
has replaced the previous day-to-day interaction. 
And, more admit as this becomes more 
commonplace, another form of communication 
will have to take place, such as email, Iistservs, 
or chat rooms. 

For most of us, the last 10 years have not 
brought a dramatic change in staff. If staff has 
been added, it has probably been the addition of 
a half time position for support staff or the 
professional position of GIS librarian. In a few 
cases, support staff is in charge of the day-to-day 
operations of the library. Often, they report to a 
librarian in another departmental library or 
someone in a management position in the main 
library. Different skills and levels of education 
and training are now needed in support staff; one 
librarian said of staff, 

"Work is more complex and requires 
higher levels of thinking, more 
education. It means more education and 
training with special emphasis in IT 
[information technology] ." 

What has happened to facilities? For the most 
part there is a recognition that we must exist with 
other information resource centers, sometimes in 
the same building with us. Barnes and Noble, 
Starbucks and Borders have taught us we must 
be a place that is "warm and inviting" to our 
users. One librarian noted, 

"The library is seen as a place for more 
social events than in the past. Because 
of the pressure for more traditional 
meeting spaces, this sends people to the 
library. The library has large spaces for 
social events, they see it as an 
opportunity to get people to the library. 
These are not library information 
events, just departmental events." 

Institutions that had combined their geoscience 
collections into a centralized science library were 
not included in our survey. However, several 
librarians included in the survey mentioned that 
their institutions are now considering the 
possibility of a centralized science library or 
combining several science collections in one 
facility . A few librarians noted that the impetus 
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for this is due to the increased interdisciplinary 
nature of the field. In some cases, the 
departments' need for additional space has 
precipitated this concept. In a study about 
branch libraries and their collections, it is noted 
that there are more mergers of library collections 
than additions of new departmental libraries. It 
is inferred that the science library will probably 
be a more attractive option in the future because 
of the cost and the tendency towards the 
interdisciplinary nature of the discipline (Croneis 
and Short, 1999). 

Most of us no longer have the luxury of having 
our complete collection in one space. Compact 
shelving and remote storage is an accepted 
practice. Our traditional book/journal collection 
space has become, as one librarian says, "more 
wires, computers and printers. " (Of course, 
wireless is on the way, just as we are about to get 
comfortable with wires) PC workstations, 
upgrading printing capabilities and color laser 
printers are still on our equipment list. However, 
for most of us, the library system staff makes the 
decisions. The connectivity once had by some 
with the departmental computing facilities has 
diminished as more centralized maintenance 
emerges, and troubleshooting still takes a great 
deal of time. 

In discussing collections, most report that 
although purchasing power has dwindled, there 
is a move to aggressively acquire electronic 
resources, more ejournals, more electronic 
books? more electronic indexes and abstracting 
tools, more electronic databases. In a few places, 
there is some concern about the slow integration 
of those resources into the mainstream 
collection. Others say that the move toward 
more interdisciplinary work and research centers 
formed as a result of various grants now 
influence what they collect or what they want to 
make available to users . In any case, the 
collections now are a mixture of print and 
electronic and we all expect them to be that way 
for the next decade. Others mention that though 
the collection development policy remains 
"about the same, retirement/resignation of 
faculty affect the areas where collection 
emphasis is placed". Economic geology and 
vertebrate paleontology were cited as examples 
of this . Journal cancellations continue. Most 
librarians reporting still have the need for serials 
review and cancellations. New titles that are 
available only in electronic format are expected 
to be more prevalent in the future. Information 



in CD format, especially government 
information, is still available and loading the 
software or checking them out to patrons 
produces challenges. The acquisition of 
electronic resources have us all thinking about 
how we fund these resources; the trend seems to 
be creating a separate line item in the budget. 

When asked, how is the relationship between the 
departmental members and the library the same, 
most respond that the relationship is as one 
respondent says; "Basically the same, (cordial 
and mutually beneficial), with more email and 
iess physical contact." Another said; "The 
department is still concerned about having the 
materials they feel they need in the library." One 
librarian sums it up by saying, 

"I am still sought out as a resource 
person ... to answer on the spot questions, 
assist with the online catalog or 
GeoRef, help locate a book or reference 
or provide library instruction one-on
one or to a class." 

Most agree that the library is still a major place 
for reserve materials and people still come to the 
library to find a quiet space, or to write papers. 

How is the relationship different? Librarians 
perceive that "faculty are busier and have less 
time to do research" . As a result, they have 
student assistants who come to the library and 
perform many tasks for them. Since both faculty 
and graduate students have desktop computing to 
access the online catalog and electronic 
resources, they have less of a need to use the 
physical space. The composition of the faculty 
is changing as older faculty retire, younger 
faculty "tend to use electronic resources more, 
discovering 'older' materials only after 
exhausting their use of the Web for current 
materials in digital format," as one librarian said. 
Undergraduates come for reserve materials. 

Where these librarians receive their main budget 
has not changed. If a library's budget comes 
from the central library, it remains so; and if the 
department provides resources other than space, 
(travel funds, additional equipment funds, 
additional collection funds) it continues to 
supplement funds . 
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CONCLUSIONS 

The issues remain the same: 

• Technology: how to not have 
technology be the only driving force as 
we seek to redefine the library, be it a 
central library or a separate department 
library. 

• Space: where to locate the library, how 
important is convenience, what size it 
should be and how it is configured to 
best provide the services to its users. 

• Training: Will the librarian's role 
change? Can our professional training 
prepare us for it? How do we reach a 
medium between what we traditionally 
see as our role, what faculty see as our 
role, and what others see as our role? 

• Budget: Will electronic resources ease 
our budget pains as we join consortia, 
as other information centers emerge, as 
we seek what the future holds for the 
print format? 

• Archiving: Who will house and archive 
older materials? Who will see that 
access to older materials is available 
(the microfilm/microfiche reader) , or 
who will transfer this vast amount of 
information to the current media to 
insure its easy accessibility? As one 
professor put it; "My disappointment 
comes at the speed in which this 
transformation is evolving." 

In conclusion, we would summarize by saying: 

l. Librarians and faculty expect much to 
remain the same: 

• Competition for space will continue 
and intensify within the library 
between storage for materials and 
other uses. And, competitions 
between the library and other needs 
for the department and university 
can be expected. 

• Budgets will be constrained and 
include even larger expenditures 
for computing and electronic 
resources. 

• Staff responsibilities will evolve 
and be altered. Traditional services 
will need to be provided as well as 
new ones not yet identified. 
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• There will be a wealth of 
knowledge available in formats that 
are not digital. 

• The proximity of the departmental 
library will remain an important 
factor in meeting the needs of the 
users . 

2. The key debate on the need for the 
department library will remain; to 
centralize or not centralize. If so, how 
and to what extent. Currently we find 
more combined science libraries rather 
than additions of departmental libraries. 
The science library model seems to be 
in vogue. As you would expect, 
departmental librarians support the 
importance of libraries within the 
department with one exception. Most 
faculty also spoke in favor of them. 
Each has a different view of what its 
function should be. As one faculty 
member puts it, 

"It would be very inconvenient for me 
to have the library across campus. I 
have talked to colleagues who think that 
having a science library would be very 
annoying. Having a separate 
departmental library is crucial." 

3. Faculty and students will use and 
associate with the library as a physical 
space differently. Almost everyone 
comes to the library less frequently. So 
much is available on their desk at their 
fingertips. This diminished contact 
between faculty and librarians has a 
number of implications. The librarians 
will be less knowledgeable about the 
work and interest of faculty (ILL 
requests are gone as a source for 
updating the collection needs) and many 
more will question the need for the 
library in close proximity to the 
department. Departments and libraries 
must find a way to continue the 
relationship so essential to both and 
which was so dynamic in the nineties. 

4. Technological changes will continue to 
impact the availability and types of 
resources as well as the personal 
interactions between librarians and the 
users . 

• The role of the librarian will remain 
crucial due to the quantity of 
information and its availability in 
so many different and varied 
formats. The librarians' skills in 
selecting appropriate information 
resources and efficiently matching 
it to users needs will continue to be 
an important service. There is a 
branching or evolution between 
disciplines and librarians must seek 
information in all areas. 

• The Internet will continue to be a 
driving force in the academic 
world. This is evident by the 
current participation by some 
universities in Internet II. 
Scientific researchers now rely on 
computing power for exchange of 
data, access to scholarly 
communications and archiving of 
older information. 

The last decade has precipitated a number of 
changes in the relationship between geoscience 
departments and their libraries. The dynamics of 
the change will continue and wi ll have a direct 
impact on the future of the departmental library 
and the librarians who manage them. 
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APPENDIX 1: ARL LIBRARIES CONTACTED VIA E-MAIL 

Institution/ Name of Library 
University of California at Berkeley 
University of Cincinnati 
University of Colorado at Boulder 
Columbia University 
Harvard University 
Indiana University at Bloomington 
University of Iowa 
Massachusetts Institute of Technology 
Michigan State University 
University of Missouri at Columbia 
University of Nebraska at Lincoln 
University of North Carolina at Chapel Hill 
North Carolina State University 
Northwestern University 
Ohio State University 
University of Oklahoma 
Pennsylvania State University 
Princeton University 
Purdue University 
Stanford University 
State University of New York at Stony Brook 
Syracuse University 
University of Texas at Austin 
Texas Tech University 
Virginia Tech University 
University of Wisconsin at Madison 
Yale University 

I Washington University* 

Libraries contacted = 31 
Responses from librarians= 18 
*Other science departmental libraries contacted. 

Name of Library_ 
Earth Sciences and M~ Librar_y 
Geology/Physics Library 
Jerry Crail Johnson Earth Sciences and Map Library 
Geology Library 
Kummel Library of the Geological Sciences 
Geology Libra!Y 
Geoscience Library 
Lin~en Libra!Y 
Geology Library 
Geology Libra!Y 
Geology Library 
Geological Sciences Library 
Natural Resources Libra!)'_ 
Geology Library 
Geology Library 
Laurence S. You~blood Ene~ Libra!)'_ 
Earth and Mineral Sciences Library 
Geosciences and M~ Libra!)'_ 
Earth and Atmospheric Sciences Library 
Branner Earth Sciences Librar)' 
Engineering_ and Science Libra!Y 
Geolo_gy_ Library 
The Walter Geology Library 
Geoscience Libra!}'_ and Ma_£_ De_Q_osito!Y 
Geosciences Library 
Geology and Geo_Qh_ysics Libra!Y 
Geology Library 

I Biology, Chemistry, Math, Physics Libraries 

27 



N 
00 APPENDIX 2: WASHINGTON UNIVERSITY EARTH & PLANETARY SCIENCES LIBRARY HOLDINGS 

Collections FY 2000- FY 1999- FY 1998- FY 1997- FY 1996- FY 1995- FY 1994- FY 1993- FY 1992- FY 1991- FY 1990- FY 1989-
2001 2000 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990 

I----B_ooks_an_d_Boun_dJ_Jiou_rnalls_---i>o~"""'36,00.;,7~48~)()()<35,523 ~~~34~.,1!. 88SI33i,,:2m9o-32~~ .• 6~318@~32,2o~3~~3·1m,s4o®m3o,,:88m2~m28.,73i'1$l29)~.,s24~ 
Unbound Volumes ~""" ~ 

-Government Documents 1024 546 591 658 656 
-State Documents 201 103 619 

I----M___.__aps _____ ~17<><7'11-""'.,9"""""""=57~ 108,985 107,729 106,377 105,514 104,072 102,032 100,324 22~979 95 ,900 93,327 
Microform ~~~ 

-CD-ROMs 
Titles 
Number of CDs 

-Microfiche 
-Videotapes_ 

Journal Titles 

31 
848 

51 

31 
759 

46 
146 

29 28 25 
640 

5740 3251 3251 
45 38 7 
144 144 

26 24 16 16 5 0 
19 4 0 

3251 3066 ~4_6Q 2310 2,153 2,012 1,692 
1 0 0 0 0 0 0 

247 251 241 



APPENDIX 3: WASHINGTON UNIVERSITY EARTH & PLANETARY SCIENCES DEPARTMENTAL MEMBERS 

SUB-TOTAL 
TEACHING RESEARCH TOTAL RESEARCH RESEARCH ADMIN NON- GRAD UNDERGRAD EPSC 
FACULTY FACULTY FACULTY SCIENTISTS STAFF STAFF FACULTY STUDENTS STUDENTS TOTAL 

1992 14 0 14 16 11 10 37 28 16 95 
1993 15 0 15 15 13 10 38 32 26 111 
1994 16 3 19 17 12 10 39 32 27 117 
1995 16 3 19 16 9 10 35 31 21 106 
1996 16 3 19 17 7 10 34 31 18 102 
1997 16 3 19 22 8 10 40 28 15 102 
1998 16 3 19 21 10 10 41 28 12 100 
1999 17 3 20 20 11 12 43 28 17 108 
2000 17 3 20 22 12 13 47 34 15 116 
2001 18 4 22 20 12 14 46 37 15 120 

CATEGORY DEFINITIONS 

TEACHING FACULTY- TENURE/TENURE TRACK FACULTY 

RESEARCH FACULTY- NON-TENURE/TENURE TRACK 
FACULTY 

RESEARCH SCIENTISTS - NON-FACULTY ACADEMICS (PH.D.) 

RESEARCH STAFF- NON-ACADEMIC, NON-ADMINISTRATIVE STAFF 

ADMIN STAFF- NON-ACADEMIC STAFF WHOSE WORK IS PRIMARY ADMINISTRATIVE 

GRAD STUDENTS- STUDENTS ENROLLED IN EPSC GRADUATE PROGRAM AS OF FALL SEMESTER 

UNDERGRAD STUDENTS- UNDERGRADUATE STUDENTS WHO HAVE DECLARED AN EPSC MAJOR AS OF SPRING SEMESTER 
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APPENDIX 4: SURVEY 

Email sent to departmental members at Washington University Earth and Planetary Sciences 
Department: 

I have been invited to give a paper at a session of the Geoscience Information Society/GSA meeting about 
the changing relationship between departments and libraries serving them, discussing our library here and 
the EPSc Department. I would appreciate your perspective as a [faculty member, graduate student, research 
scientist, research staff member]. Would you be willing to send me an email describing this issue (How is 
the relationship the same? How is the relationship different? Do you use the same library/information 
services now as you did in the past? More or less? Are any services more or less valuable now than before? 
Are there additional services which we should provide?)? This can be "quick and dirty"- just your 
thoughts . 

Please let me know if you would be willing to do this. I would be happy to stop by and answer any 
questions. 

Email sent to undergraduates in the Washington University Earth and Planetary Sciences 
Department: 
I am preparing a paper to present at the upcoming GIS meeting. I would appreciate your perspective about 
undergraduate use of the Earth and Planetary Sciences Library. Would you be willing to send me an email 
describing: 

- What services do you use most in the library now? (for example, reserves, reference questions, 
interlibrary loan) 

- What additional services would you like to have in the library? 
- What changes would you like to make in the library? 

Any thoughts you have on this would be appreciated. Please let me know if you have any questions. 

Email sent to librarians: 

I have been invited to present a paper at the Geoscience Information Society Annual Meeting about the 
changing relationship between academic departments and libraries serving them, discussing particularly the 
EPSc Library here and the EPSc Department. I would appreciate your perspective as a librarian working in 
this type of library. Would you be willing to send me an email describing: 

1. How is the relationship the same? 
2. How is the relationship different? 
3. How has your library been affected? Changes in-

a. staff 
b. facilities 
c. collections 
d. services and 
e. resources 

4. In the future, what changes would you like to make in your library? 

Any thoughts you have on these questions would be appreciated. Thank you in advance for doing this. 
Please let me know if you have any questions. 
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APPENDIX 5: RESPONSES FROM WASHINGTON UNIVERSITY EARTH & PLANETARY 
SCIENCES DEPARTMENTAL MEMBERS 

Department members- job title and number of Number of responses received 
members 

Faculty- 24 16 
Senior research scientists- 8 7 
Research scientists- 12 7 
Research staff- 12 7 
Graduate students- 38 19 
Undergraduate students- 14 4 
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THE EVOLUTION OF A STATE GEOLOGICAL SURVEY LIBRARY: 
THE MORE THINGS CHANGE, THE MORE THEY STAY THE SAME 

Connie J. Manson 
Washington Division of Geology and Earth Resources 

connie.manson@wadnr.gov 

Abstract-- We've seen significant changes in our operations at the Washington state geological survey 
library during the last 20 years. Those changes have been particularly rapid in the past few years, primarily 
because of electronic publishing and the Internet. Like biological evolution, our library systems have 
evolved in response to changes in our environment. This evolution has been particularly evident in our 
bibliography system, which has moved from being produced manually and available only in print, to being 
largely produced by computer, and is now only available on the Internet. Our indexes to geologic mapping 
have had less drastic changes, and other library functions have had essentially no changes. 

INTRODUCTION 

There are some quirky things about the situation at 
the Washington State geological survey library that 
make it an interesting case study of classic library 
functions and new technological changes. The 
Washington survey is a medium-size state 
geological survey with about 20 professional 
geologists on staff. Like every state or national 
survey our operations are firmly attached to a 
geoscience library, but unlike many state surveys 
we have our own library unaffiliated with any 
larger system. So, while we have all the basic 
functions of any library-acquisitions, cataloging, 
reference, circulation-that's all done on a very 
small scale and with a staff of only 2 full-time 
librarians. On the other hand we don't have the 
infrastructure support for those functions we could 
expect if we were part of a larger system, so it's 
pretty much up to us. 

Therefore we're more like a corporate special 
library than a university branch library. However, 
unlike the typical corporate library, we're open to 
the public, so our user group extends beyond just 
our own staff. More than half of the library use is 
from those outside groups, from industry, 
government and the public. 

THE EVOLUTION OF THE BIBLIOGRAPHY 
AND THE LIBRARY CATALOG 

Our indexes, primarily the bibliography of 
Washington geology and the index to geologic 
mapping of Washington, are perhaps the most 
unusual thing about our situation. The 
technological advances of the last twenty years 
have brought significant changes to the way we 
have produced and presented these indexes. Those 

indexes have evolved over time-sometimes 
subtly, sometimes radically-as has the library 
catalog. 

The bibliography is, of course, the list of all known 
works about the geology of Washington, broadly 
defined to include geology, mineral resources, 
geologic hazards, and ground water. The printed 
bibliographies included materials issued during a 
span of years, and were presented in two parts: the 
alphabetic list of the citations and the subject 
index, providing access to the materials both by 
subject and by geographic location. 

The Typewriter Age 

The first comprehensive catalog (Bennett, 1939) 
included about 1,500 items about Washington 
geology published from 1798 through 1936. The 
bibliographer exercised strict definitions of what 
should and should not be included. This was an 
index to "published" materials so it did not include 
theses or abstracts, and of course open-file reports 
had yet to emerge. 

The next bibliography (Reichert, 1960) included 
about 2,500 items issued from 1937 to 1957. 
Citations to abstracts were included although they 
were only given as notes to the citations of the 
published works. Theses and open-filed reports 
were included, but those "unpublished items" were 
relegated to appendices rather than being included 
in the primary li st. 

The bibliography for the materials issued 1958 
through 1962 (Reichert, 1969) included about 
1,700 items. There, all the materials-published, 
abstracts, open-files, and theses-were included in 
the same list. 
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All three of those bibliographies were produced 
entirely by hand-the typewriter was their highest 
technology. Even though the number of items was 
small by today's standards, the effort to produce the 
bibliographies and subject indexes was gargantuan. 
We can only imagine the bibliographers, with their 
boxes and boxes of file cards, and the countless 
copying and recopying of citations. It is amazing, 
then, how thorough those indexes are, and how 
relatively error-free. 

The Computer Age 

By the time the next bibliography was to be 
prepared, the backlog of items to be included had 
grown beyond what could reasonably be done 
manually. The index for 1963 through 1980 
eventually contained about 5,500 items issued over 
that eighteen-year period. At that time (1979) 
personal computers were only just emerging, and 
even if we'd had access to personal computers 
(which we didn't), the software was still too 
primitive to do the job. What were we to do? 

These fac tors combined to mark the next 
evolutionary step in the bibliographies: to move 
from fully manual to partially computerized 
production. 

But there were very few options available to us. 
The only computers that existed were 
mainframes--expensive machines that required 
extensive programming and expensive 
programmers-which we did not have and could 
not afford . Eventually, we decided to contract with 
GeoRef, to have the Washington bibliography 
produced from the GeoRef files, with additional 
materials added from our own collection. That 
experience was a mixed blessing. The bibliography 
was produced, but at a strain, both to us and to 
GeoRef. Neither party knew, at the outset, the 
problems we would face . We didn't know how 
strict and unyielding we needed to be about rigid 
editorial consistency. But that kind of consistency 
was neither reasonable nor possible for GeoRef; 
their citations has been input over decades, from a 
kaleidoscope of sources, with a broad range of 
citation styles and abbreviations. That variety and 
inconsistency wasn't a problem for GeoRef, but 
didn't work for us at all: we needed the citations to 
have consistent editorial style. However, any 
editorial change in a citation in the GeoRef 
database, even the most minor, would have 
required hand editing of the master record. 
Ultimately, though, the 1963-1980 bibliography 
was completed (Manson and Burnetti , 1983). But 
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by then it was 1983, and the citations just kept 
pouring in, at an ever-increasing rate. What would 
we do for the future editions? 

We realized we needed to have full editorial 
control, but the bibliographies were just too big to 
do by hand . We decided, then, to do the 
bibliographies, by computer, in-house. At that 
time, personal computer systems were quite 
primitive, especially by the standards of 2002. Our 
first computer was an XT, with 2 megs of RAM 
and a 10-megabyte hard disc, and the software was 
limited to only basic DOS applications. We used 
dBasell software, and a staff geologist spent four 
months writing the original programs to do the 
bibliography. We used this homegrown system to 
enter the citations and the programs then sorted the 
files and produced the author index (a simple 
alphabetic listing), and the 'first-cut' of the subject 
index. Because that initial computer output was 
little more than a 'data dump,' we would then spend 
many months editing the author list and index in 
word processing to bring sense to them. 

We used that that basic system, with periodic 
upgrades in hardware and software, to produce all 
our bibliographic indexes, from 1983 to 2000 (e.g., 
Manson, 1984; Manson 2000). 

However, we were simply using the computer as a 
tool to do the same job we'd always done. We still 
chunked the bibliography by years (e.g., 1963-1980 
and 1981-1985), and we still issued the final 
product as a paper volume that could only be 
searched manually. That volume was then sent on 
deposit to our exchange partners and sold (at cost 
of printing) to individuals. This wasn't a perfect 
solution, but it was the best we could do. 

We knew that we wanted to issue the entire 
database as a searchable, but we had no way to do 
it. We knew how awkward the volumes were to use 
and how tedious it was to search volume after 
volume for citations. Our master files were on 
computer, but because dBaseiii+ was a proprietary 
software, we could distribute the files, but not the 
software to search them. Additionally, the entire . 
file was about 20 megabytes-small by today 's 
standards, but huge for the mid 1980s. (We did, 
laboriously, copy the entire file on floppy disks to a 
few outside users, but rarely.) So, while preparing 
the bibliography on the computer was a good 
evolutionary step, it was not a leap. 



The Library Catalog and the End of Paper 
Indexes 

The bibliography had been the index to all the 
items-monographs, papers, and abstracts-about 
Washington geology during a span of years. In 
contrast, the library card catalog was the index to 
only the monographs in the collection, whether 
they were about Washington or not. We had to 
maintain both these systems because they had 
different purposes and especially because they had 
different update schedules . 

The card catalog was done in-house, on cards. We 
opted early on not to use MARC because MARC 
had no advantages for us. Because we are not 
affiliated with any other library, we had no larger 
system to do the cataloging for us . We did not have 
access to the mainframe computers (which was the 
only option then) needed to use MARC, nor could 
we justify the programming costs if we had had 
access. We could have contracted with WLN to do 
the cataloging in MARC, but that was prohibitively 
expensive ($14 per title, in 1979). Additionally, the 
MARC cataloging then available was too 
restrictive-we couldn't add headings or series 
notes. The final blow against MARC was that it 
could do nothing to help us do the bibliography; 
that would still have to be a separate system. 

So, instead we used 1970s systems: original 
cataloging, hand-typed on cards, duplicated at a 
vendor. We then typed on the headings and 
interfiled the card sets. New card sets were added 
about 4 times each year, so the catalog was updated 
in close to real time. But of course, there was only 
the one copy of the catalog, and it could only be 
used, physically, in the library. 

During those years, we had two parallel systems: 
the electronic bibliography for the Washington 
monographs, papers , and abstracts, and the paper 
card catalog for the Washington and non
Washington monographs. 

We continued to use those methods until 1993 . 
when the vendor who duplicated the catalog cards 
went out of business. The card catalog became 
extinct and with that, all our stubborn reasons not 
to adapt new technologies died, too. We had no 
choice but to change-but to what? 

A Software Leap 

Personal computers had vastly improved during the 
years (1978 to 1995) when we'd done the 
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bibliography on a word processor and the catalog 
on a typewriter. The Internet had emerged and 
exploded with both reality and potential. These 
factors merged to spark the next evolutionary leap 
in our bibliography and catalog systems. 

We wanted to distribute the whole bibliography, 
not just pieces of it. The whole file was so big
more than 30,000 citations and getting bigger all 
the time-that we wanted to distribute it as a 
searchable electronic file instead of on paper. The 
card catalog was dead , but we still needed ready 
access to our non-Washington monographs. We 
searched for software that could do it all. 
Unfortunately, software designed for libraries 
invariably expected us to use MARC (but none of 
our objections to MARC had changed), were 
typically designed for much larger systems than 
ours, and were quite expensive. 

We finally found a program that fit our needs 
(InMagic) . It wasn't MARC-dependant. We could 
pour our existing electronic files into it with 
minimal editing and no re-keying. We could 
distribute the files on compact disk, with the search 
engine attached. And, best of all, it was affordable, 
both to us and to our end-users. 

We poured the old dBaseiii+ files into InMagic. 
We then we entered all of the non-Washington 
items, (tagged, to distinguish them from the 
Washington materials), and added those to the 
InMagic files. In October 1998 we issued the first 
CD of the full bibliography of Washington geology 
plus the non-Washington monographs. The file was 
Boolean searchable both within fields and between 
fields and search results could be printed, 
downloaded, or copied. The CD was a hit and we 
reissued annual cumulated updates in January 2000 
and January 2001. 

The Internet Age 

We have all been witness to the rapid growth of the 
Internet in recent years, both in size and capability. 
In August 2001 we got a simple software upgrade 
to put the InMagic bibliography files on the 
Internet (http://www2. wadnr.gov/dbtw
wpd/washbib.htm), where it remains. Another 
simple upgrade in February 2002 lets us link the 
bibliographic entries to their URLs. With that, 
searchers can go directly from the citation to the 
full text. (We think this might be the last major 
enhancement, at least for a while.) 
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These technological changes have completely 
changed the way we produce and distribute the 
bibliography. Because the full index, which 
includes both the Washington bibliography and the 
library catalog are on the Internet, we do not 
believe we will ever issue another printed 
bibliography, nor do we plan to reissue the file on 
CD. The Internet version is the only version we 
have and we use it as both the catalog of the 
Library's holdings and as the index to Washington 
geology. 

The printed index was quite different from the 
online bibliography. As we all remember, because 
the indexes were clumped by years, we'd have to 
slog through all those volumes and then fight our 
way through the subject index. Ideally, the 
bibliography, say for 1981 through 1985, would 
include absolutely every snippet issued in those 
years, but we know that was never true-the older 
stuff dribbles in forever. And of course, goofs and 
typos were cast in stone. On the other hand, the 
printed bibliography was finite and unchanging. 

In contrast, the online bibliography includes the 
whole 200-year universe of materials, no matter 
when we entered the items. We can do complex 
Boolean searches, within or between any of the 
fields . We can print it out or save it, and we cut
and-paste citations into documents using a mouse 
instead of scissors and tape. Perhaps most 
importantly, the online file is dynamic-it changes 
every month, with new materials added, and 
corrections made. 

The function of the bibliography or card catalog or 
searchable database is to provide the most thorough 
and timely index to the materials in the most 
efficient way possible. While our methods have 
evolved and the products have changed-sometime 
radically--our motives have not changed at all. 

THE INDEXES TO GEOLOGIC MAPPING 

Our other most important product is the index to 
geologic mapping of Washington for both thesis 
and non-thesis mapping. This, too , has had a long 
history at the Division library (Boardman, 195 1; 
Reichert, 1969; Manson, 1981, 1984, 1999). This 
had always been a tedious and labor-intensive 
product, prone to inaccuracy. We would literally 
guesstimate the mapped area and draw that on an 
index map. The citations for those maps were given 
in a numbered alphabetic list. The map outlines 
were organized by scale or type, copied by hand 
again, and numbered to match the citation list. A 
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cartographer would then carefully copy that for 
publication. 

Because new maps are issued continuously, we 
tried to update these indexes as often as we could. 
We published the thesis bibliography and map 
index in 1980 and issued the cumulated thesis 
update in 1986. We published the non-thesis map 
index in 1981 and the cumulated update in 1984. In 
all cases, these were relatively expensive 
publications because the map index sheets were 
printed in color. We then had severe budget 
problems and could no longer afford to print in 
color. Additionally, the map indexes were 
ballooning beyond the available cartographic time. 
We compromised and only issued the updates, not 
the cumulated indexes, as black and white open file 
reports from 1989 through 1999. This was an 
imperfect solution, but it was the best solution we 
had. Unfortunately, by the end of this series, the 
index sheets were so cluttered that they were 
almost unusable. 

Current technologies came to the rescue. We've 
now put the entire index to the geologic and 
geophysical mapping of Washington-all the maps 
from 1899 through 2001, including both the thesis 
and the non-thesis maps--on our website as a PDF 
file 
http://www. wa. gov/clnr/htdocs/ ger/mapindex. htrn). 

This new format isn't as big a change as going 
from the printed bibliography to the searchable 
database. The map index is only the PDF version 
of the static index: it simply gives the list of the 
indexed maps with images of the index sheets. It is 
not interactive and is only crudely searchable; we 
actually recommend that users print out the entire 
file rather than trying to use it on-line. But even 
this simple index is a powerful reference tool. 
Using this system, we are able to distribute the 
entire cumulated list freely, to update it in real 
time, and to present the map sheets in color. As 
with the bibliography, because the map index is 
available on-line we don't think we'll ever print it 
again. 

Even though the index is on the Internet, this 
change is only an evolutionary step, not a leap. We 
are simply using computer systems to produce the 
same kind of product-the list of citations and the 
index sheets-we had before. 

We have long-wanted to produce the map index as 
a much more searchable file by using geographic 
information system software such as Arcinfo. We 



have not been able to do that because of the costs, 
especially the cost of the cartographic time it 
would take to digitize the thousands of map 
outlines. However, the availability of the U.S. 
Geological Survey's National Geologic Map 
Database system takes the pressure off us to do 
that. That USGS index can be searched by author, 
title, publisher, date, scale, county, etc., and even 
by latitude-longitude. While that index does not 
include maps showing the extent of the mapping, it 
is a powerful tool, and I highly recommend it. 
However, these indexes have different advantages. 
The USGS index does not yet include all the 
Washington maps (because the librarian at the 
Washington state geological survey library has not 
yet submitted them) . Therefore, we plan to 
continue our in-house index while also contributing 
information for the national index. 

THE IMPACT OF NEW TECHNOLOGIES 
ON OTHER LIBRARY FUNCTIONS 

Some library functions have changed a lot because 
of the new technologies, while others have changed 
little if any. For example, in identifying new items 
about Washington geology, we used to search the 
monthly issues of the Bibliography and Index of 
Geology by hand to find new citations; now we do 
that search on the GeoRef CD. Some of the journal 
articles we need are available electronically, so we 
print them off rather than photocopy them. The 
Internet, of course, has become one of our most 
important reference tools-- Does anybody still buy 
the Encyclopedia of Associations? And I routinely 
track down authors using e-mail and the Internet 
rather than the telephone. 

In contrast, some functions are unchanged. The 
original cataloging is still the first step in adding an 
item to the online bibliography, and that cataloging 
and indexing is still done in-house, by hand. We 
still have a minimalist circulation system, and write 
the call number and user name on a 3x5 card. We 
still need to conduct the careful reference interview 
in order to understand the context of the real 
question-- the only difference is that now that 
conversation is sometimes conducted by e-mail 
rather than in person or by phone. But the give
and-take of that transaction is the same. 
Some library users are enthusiastic about our new 
systems, while others shy from them and pine for 
the tactile security of the paper indexes. 
Putting our indexes on the Internet has had an 
unforeseen result-- it's made us a lot more visible. 
We used to think of ourselves as a state survey 
library that also served outside users . We now 
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recognize that we are (and probably always were), 
the state geological library that also gives primary 
service to the state survey. We've trying to figure 
out this broader definition, and find ways to give 
better service to more folks (like K-12), mostly 
through outreach, mostly on the Web. 
However, we must always remember that there is 
only one point to the Geology Library-- to the 
collection, the systems, and the services-- and that 
is to connect people with the information they need 
about Washington geology. 

THE FUTURE 

We have made some good strides at the 
Washington State survey, but there's still a long 
way to go. Traditional publishing has high 
immediate costs but excellent long-term stability, 
while electronic publishing has some lower 
immediate costs but a very uncertain future. We're 
currently putting our new digital geologic reports 
on our website and we intend to digitize and add 
some of our classic reports as well (although we 
have not yet addressed the long-term access and 
archiving issues for those digital files). Because 
our indexes are continually updated, they're a good 
fit for the Internet. The hyperlinks from the online 
bibliography, both to those reports and to the other 
digital reports in the index, are an exciting 
development. 

And then, perhaps, those will be the last significant 
changes we'll ever make. Because then we'll be at 
the very end of the "paradigm shift" , and at that 
moment the evolution will be over, and all of our 
systems will have been as thoroughly punctuated as 
they're ever going to get, and will be all settled into 
their final, quiet equilibrium. Or not. 
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Abstract -- Technology has not only changed the format in which students access information, it has also 
changed the pedagogy of bibliographic instruction. Today, bibliographic instruction takes place in high
tech classrooms where librarians are teaching students computer skills, online search techniques, and most 
importantly how to determine what is appropriate for their research in a Web environment. This paper will 
demonstrate how library research has changed from the past to the present by reconstructing the search for 
sources used in the bibliography of a paper written by an undergraduate in the 1980's. 

INTRODUCTION 

In the past, introducing Geology students to the 
academic library was relatively simple and 
straightforward. There was the card catalog, the 
journal indexes, the map room and the book 
stacks. Bibliographic instruction consisted of a 
simple tour, some basic instruction on how to 
use the card catalog and where to find the 
Bibliography and Index to Geology . Today, 
bibliographic instruction has become much more 
complex. Students not only need to know how 
to evaluate and find information pertinent to their 
needs but they must also have the computer 
skills to retrieve it. 

DO WE STILL NEED BIBLIOGRAPHIC 
INSTRUCTION? 

Technology has brought on a proliferation of 
information giving instantaneous results to 
thousand of resources . Today, students access 
the "card catalog," citation indexes, full text 
journal articles, and maps, all from their 
computer. The library is open 24/7 from 
anywhere that has an Internet connection and 
students expect immediate gratification. Without 
a well-developed search strategy the results may 
be overwhelming and insignificant to the 
researcher's goals . 

Research shows that the demand for reference 
assistance and bibliographic instruction has 
significantly increased with the onset of 
electronic information. Carol Tenopir and Lisa 
Ennis surveyed 68 academic librarians in 1991 
and again in 1997 (Tenopir and Ennis 1998). In 

the 1991 survey, several librarians predicted the 
end of library instruction. They saw new, more 
user-friendly services emerging and the 
computer skills of students increasing. However, 
by 1997 the same librarians emphasized the need 
for more instruction due to the proliferation of 
resources . They indicated that instruction must 
include the evaluation of Web content, search 
strategies for Boolean logic and relevance 
ranking systems, and the ability to work with a 
variety of databases (Tenopir, 1999). Another 
survey, conducted by Wen-Hua Ren, of 85 
students before and after library instruction, 
found that student's electronic information 
searching improve after library instruction. This 
survey also indicated the need for these skills 
was required curriculum wide, and that 
university faculty expected the library to teach 
them (Ren, 2000). 

THE CARD CATALOG?- WHAT'S THAT? 

To demonstrate the importance of learning 
search skills, an unpublished paper titled "The 
Rejection of Alfred Wegener 's Continental Dri ft 
Theory" (Fleming 1987), written by an 
undergraduate geology student in the mid
eighties, was selected for this project. The search 
strategy, based on the bibliography from the 
paper, was reproduced both in the paper 
environment that existed then and in the 
electronic environment that exists now. 

The original paper included 20 monographs and 
4 periodicals. The author searched the Library of 
Congress subject classification headings and 
selected "Continental Drift" as a search term. 
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Figure 1: Results from searching for periodical articles electronically 



The author then searched in the subject portion 
of the card catalog for books under this term as 
well as a subject and author search in the card 
catalog under "Alfred Wegener." 

For the periodical references the author searched 
the subject index of the Bibliography and Index 
to Geology under the term "continental drift -
concepts" for the years 1979-1986, selecting 4 
references from the 34 unique titles found. 

CYBERSPACE 

Next, the paper was approached as if it was 
being written today. Not all the parameters could 
be the same but the attempt to use the same 
search terms and strategy was used. 

The same subject headings were used in the 
online catalog for the library at the university 
where the paper was written. The search was 
limited by date to exclude records for books that 
would have been published after the paper was 
written. The results were not significantly 
different than those using the card catalog. 
"Continental drift" was also used as a word 
search, something that was not available in a 
paper card catalog, but again, no "missed" books · 
were found that should have been referenced in 
the paper. 

Results changed significantly when searching for 
periodical articles in the electronic environment 
(Figure 1 summarizes these results) . No 
undergraduate is going to use a paper index, and 
search year by year for citations. Instead, they 
will go directly to their preferred electronic 
index, such as Expanded Academic Index by 
InfoTrac or another database that provides full 
text articles, and use the default settings. 

In Expanded Academic Index, a favored full
text database, 3 citations were retrieved using the 
"subject guide" and searching "Alfred 
Wegener." If they had been published at the 
time the original paper was written, they would 
have been relevant to the paper and should have 
been included in the bibliography. Searching the 
term "Continental Drift" produced 237 articles, 
but only the 5 listed under the subtopic "history" 
were relevant to the topic and should have been 
included in the paper. These searches could not 
be limited to the time period that the paper was 
written, as the full text only covers the last few 
years. It is interesting to note that this database 
does not use the same search terms as the Library 
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of Congress or the Bibliography and Index of 
Geology, and if the student had searched the 
terms, "Alfred Wegener," or "Continental Drift" 
as "keyword searches" instead, the student 
would have had to sort through 66, and 378 
articles respectively. Most of these articles were 
about geologic formations and sequences that 
reflect continental drift, instead of the theory of 
it. 

The database GeoRefby WebSPIRS was also 
used. It covers the citations in the Bibliography 
and Index to Geology. It was necessary to use 
Boolean operators to make any kind of sensible 
search. The combined terms "Continental Drift 
AND Alfred Wegener" were searched, retrieving 
142 citations compared to the original 34. 
Limiting the search by date to exclude any 
citations of works published after 1986, retrieved 
124. Many of these were repetitive and referred 
to several chapters in the same book or books. 
Several of the citations could have been 
eliminated if the searcher had been aware of 
some of the advanced functions of WebSPIRS. 
Appropriate, additional references were found 
and would have contributed to the original paper 
providing the author had the patience to wade 
through all 124 citations, and that the journals 
cited were available in the author's library. Few 
undergraduates start their papers early enough to 
use interlibrary loan services. 

The Web is another favorite information source 
for students . Searching "Alfred Wegener AND 
Continental Drift" produces 2690 hits using the 
Google search engine. Most of these were 
irrelevant and many are hitting on the "Alfred 
Wegener Institut" homepage, which though 
named after him, does not provide any 
information on his theories. 

CONCLUSION 

A student using the academic library today not 
only has more information resources to choose 
from, but also without any training in retrieval 
techniques, will produce so many results, that the 
process becomes meaningless . Confronted with 
these numbers, students will do one of two 
things: Take the first couple of references 
retrieved, regardless of their quality or how well 
they support the research, or worse yet, they will 
just give up and tell the professor, "I can't find 
anything." A successful bibliographic instruction 
class must teach students how to focus their 
search skills into producing meaningful results, 
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and how to evaluate what they retrieve in terms 
of relevancy and appropriateness to their 
research. 
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Abstract--T he constant change associated with the explosive growth and development of the market for 
academic digital resources presents extensive challenges to academic libraries. This paper examines how 
one ARL library system, the MIT Libraries, has addressed these challenges over the past five years, both 
through realigning staffing and access methods to accommodate massive change. The expectation is that 
other libraries can benefit from an example of how a library system has responded to the intense demands 
confronting all academic libraries as they attempt to deal with the digital revolution in scholarly publishing. 

INTRODUCTION: THE CHALLENGES 

The digital marketplace for scholarly information 
is still in its infancy, and the constant change 
associated with its ongoing growth and 
development presents extensive challenges to 
academic libraries. Here, the ways that one ARL 
library system, the MIT Libraries, has addressed 
these challenges over the past five years -- both 
by realigning staffing and redesigning access 
methods to accommodate massive change- are 
described. The expectation is that other libraries 
can benefit from an example of how one library 
system has responded to the intense demands 
confronting all academic libraries as they attempt 
to deal with the digital revolution in scholarly 
publishing and specifically with the new issues 
raised by licensed resources delivered over the 
web. 

What are some of the specific challenges we 
face? Pricing models are more and more 
complex; products are more and more 
complicated; negotiations are protracted and 
difficult. We are under increasing pressure from 
users (who want immediate desktop access to 
everything), consortia (whose purchase 
timeframes do not always match our own), and 
the marketplace (where new products and the 
rapid pace of corporate acquisitions and legal 
maneuvering generate confusion and the need for 
constant vigilance. 

The strains of growth are all around us, and the 
problems we face are largely the result of a still 
unstandardized marketplace. As new products 
and services emerge, we do not even have 
agreed-upon terms to describe what we buy and 
use. 

We exist in what has been called a "disruptive 
context." This term, as described by Carl 
Logoze, concisely sums up the dramatic forces at 
work in libraries today: 

"Whereas a sustaining technology 
improves the performance of an 
established product. .. a disruptive 
technology brings 'to a market a very 
different value proposition than had 
been available previously.' ... Research 
libraries are unquestionably confronted 
with a suite of disrupti ve technologies, 
so numerous that they can be described 
as a disruptive context .. .. [T]hese 
factors seriously undermine the 
practices, and in fact the raison d 'etre, 
on which the research library has relied 
for over a century." (Logoze, 2000) 

It is not surprising, then, that librarians may be 
tearing out their hair in the face of the stresses 
around us. The underpinnings of our work are in 
question and the daily work we do is being 
revolutionized around us and by us. The 
challenges of explos ive growth and unceasing 
change that characterize the digital marketplace 
can hard ly be underestimated. As soon as we 
find a solution to problems facing us, the picture 
changes, again. 

Some basic figures from the MIT Libraries 
demonstrate this explosive growth. 
In fiscal year 1997, digital products constituted 
4% of total serial dollars; by the fall of 200 I, 
they represented 25%. In fiscal year 1997, 0.7% 
of total serial titles were in digital format; that 
number was 24% in the fall of 200 l. There has 
been a 61% increase in the last year in the 
number of ejournals the MIT Libraries have 
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access to, even without counting the additional 
8,000 titles hidden in our aggregated databases. 
In addition, there has been a 30% increase in the 
last year alone in number of subscribed 
databases. 

These numbers reflect serious, unrelenting 
challenges to our staffing and work patterns and 
there is no reason to expect MIT's figures are 
much different from those of other academic 
libraries. Since the advent of the first web-based 
ejournals and databases, libraries have already 
had to move through several generations of 
challenges and responses to these challenges. 

THE SOLUTIONS: CIRCA 1997 

At MIT, the first major tectonic shift we made in 
responding to new pressures was the creation of 
a new position: the Digital Resources 
Acquisitions Librarian. This position was 
developed in recognition that electronic products 
are not ·~ ust like the print." The job was 
designed to focus on unique issues involved with 
acquiring digital resources: trials, price 
negotiation, licensing, coordinating consortia! 
deals, troubleshooting access and 
implementation problems, and managing the 
expenditure of a new, centralized fund for the 
purchase of digital resources. 

A committee -- the Networked Electronic 
Resources Decision Group or NERD -- was 
created in order to spend the new central fund for 
digital resources. The committee emerged in 
recognition of the fact that our long-standing 
individual subject funds and highly decentralized 
purchase process were insufficient to handle 
largely interdisciplinary and frequently very 
expensive digital products. 

In response to the marketplace, we redesigned 
our purchasing, implementing the first truly 
centralized and explicitly committee-based 
process. For digital resources, this committee 
work supplanted in part the individualized 
process of subject experts acting largely 
autonomously in building their subject 
collections. 

We also built web pages using a highly
structured (and ultimately very inflexible) list
building software tool in response to growing 
demand from staff and users for a list of the 
ejournals and databases that were available. 
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THE CHALLENGES: CIRCA 1999 

These changes in staffing, selection, and access 
worked fairly well from 1997 to 1999, but then 
the pressures of change began to build once 
again. Our method of offering access through 
web pages listing resources to public became 
frustratingly slow for both users and staff as the 
volume of ejournals and databases grew. Our 
new staff position, which had seemed so exciting 
and cutting edge when created, began to feel 
more and more inadequate to the volume of 
licenses, access problems, and electronic journals 
to set up . We felt the pressure in terms of 
funding available, as well, as our new central 
fund, which at first had seemed so generous, 
stretched across fewer of the growing volume of 
products available. 

In addition, the strains came from the growing 
number of kinds of products availab le and the 
complexity of those products and services. From 
its beginnings as a market dominated by PDF- or 
HTML-based electronic journals mimicking their 
print counterparts, and standard bibliographic 
databases put up in a web format, the market 
began to offer websites with a range of 
components and services: ebooks priced in a 
dizzying array of models, encyclopedias popping 
up on a seemingly daily basis; and products, 
particularly in business, that were web native at 
least in part, offering means, for example, of 
analyzing data rather than just finding relevant 
citations, and organizing information much 
differently than any related print material. 

We had reinvented acquisitions, but the cold 
hard fact was that within two years, it needed to 
be reinvented again. 

THE SOLUTIONS: CIRCA 1999-2000 

So, in 1999, we hired our first web manager. 
Under her guidance, we built a new Filemaker 
database with a custom interface to deliver 
ejournals and databases in context of licensing 
information (called Vera for Virtual Electronic 
Resource Access) . Vera allowed us to control 
and display information such as whether or not 
remote access was allowed; what groups of users 
were included or excluded; what general license 
terms existed across all products; and what 
unusual use restrictions might apply to a 
particular product. In addition, Vera offered us 
improved speed and access for our digital 
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products and an improved ability to update and 
deliver information. This database has been 
extremely successful for staff and students alike. 

In 2000, as a result of continual, unrelenting 
pressure on staffing, we added a part-time 
assistant in digital resources. This position was 
devised to help cope with access problems, to 
establish access to ejournals coming "free with 
print," and to manage input and maintenance of 
records for ejournal packages. In addition, we 
trained a second librarian in licensing, to share 
the burden of license review, although this was 
ultimately found not to be a workable solution 
because of the heavy volume of work already 
being carried by that librarian. 

THE CHALLENGES: 2001 

By 2001, the tweaks to our 1997 solutions we 
put in place from 1999 to 2000 were clearly no 
longer enough. We were finding that new kinds 
of resources were continuing to make new 
demands. The products we were buying were 

increasingly not just bibliographic, but included 
data, images, and mixed components. The 
resources began to be priced more and more in 
components and clusters, offering a range of 
functionality and service options. We faced new 
questions such as how a resource would appear if 
we didn't buy all of it, and whether unavailable 
backfiles, data subsets, features , or components 
would be clearly defined as such for users. We 
had new questions about how simultaneous users 
were being allocated across separately purchased 
parts of a product, or in cases where users could 
interlink to related databases or external fulltext. 

Such questions occurred in force, along with 
other challenges. We were being asked for new 
FTE counts beyond those reported in a standard 
way by university administration and therefore 
requiring extensive, tedious research. We were 
asked for categories such as "likely" users, or 
users in categories beyond the usual faculty or 
students, and often in particular disciplines. 
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More and more, purchases based on print 
holdings were requiring labor-intensive checking 
and maintenance; the advent of multiple 
providers for same material was forcing difficult 
and complex interface review decisions; and the 
scale of the digital collection was bringing 
maintenance problems to a new level. The time 
of the digital acquisitions librarian and her part
time assistant was clearly no longer enough to 
support these functions . 

This limited staff of roughly 1 V2 people faced a 
market in which the purchase- once the key 
acquisitions activity-- had become just one step 
in an array of demanding setup, followup, and 
problem-solving issues. Even after a trial was 
over and the license signed, new customization 
and ancillary services that had sprung up began 
to demand more time and attention. The staff, 
which was already stretched to its limits in trying 
to negotiate licenses, place orders, and solve 
access problems, found itself with fulltext links 
from bibliographic databases to subscribed 
ejournals to set up, maintain, and record for a 
growing group of suppliers. In addition, links to 
holdings, document delivery, and ILL services 
were becoming more and more the norm, 
blurring traditional public and technical services 
issues and making it difficult to clearly designate 
ownership of the policy and implementation 
issues such services were raising. 

As these ancillary services sprouted across the 
marketplace, it became apparent that a 
coordinated service model for online access to 
nonsubscribed titles included in ejournal 
packages we had some access to and an 
integrated document delivery plan for the digital 
format was needed. However, the development 
of such a broad-based plan seemed daunting in a 
market where services and products were 
changing so rapidly. 

At the same time, the service environment-- the 
face the Libraries offers its users -- was 
becoming increasingly complex. Even library 
staff were having trouble understanding how to 
disti nguish between subscribed and unsubscribed 
titles within large packages. Similarly, staff and 
users alike were having increasing difficulty 
understanding what to expect from a given 
database, with some offering purchased fulltext 
within the database itself, and others offering 
linked fulltext subscribed to from other 
publishers, but only the particular publishers 
they'd contracted with. When the library staff is 
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floundering in trying to understand what is what, 
you know users are certainly at sea. 

This vast and seemingly unnavigatable sea 
included access problems such as ejournals 
hidden by a lack of title access within fluctuating 
aggregated packages; and changes in the closest 
thing we had seen to "standard" ejournal 
gateways (such as Ingenta and Catchword), 
which began to take on a new face designed for 
the enduser, not the library market, making it 
difficult for library users to understand what 
MIT had access to . 

While this service complexity was problematic 
enough, we began to find that responding to 
access problems- that is, ejournals and 
databases whose links were not working properly 
-- had become almost a full time job. What is 
more, those involved in working on access 
problems needed to fully comprehend the entire 
service environment, and the training issues 
involved in addressing that need were not 
insignificant. 

License agreements were indeed becoming more 
standard, but negotiations not less complex. For 
example, we found ourselves often having to 
negotiate for the option to join consortia! deal 
later, as we weighed current user demand versus 
commitment to a buying body we belonged to; 
we increasingly found that we could not ignore 
performance warranty issues, since with the 
passing years we had had (sometimes painful) 
experience with products not performing 
adequately despite large outlays of subscription 
fees . We found ourselves needing to focus more 
intensely on the language related to actions 
required in response to breach, given the 
inevitable increase in the incidents of product 
misuse accompanying the growth in number of 
resources. And as the Digital Millennium 
Copyright Act and looming specter of UCIT A 
(Uniform Computer Information Transactions 
Act) made themselves felt, we needed to devote 
time to staying on top of relevant legislation 
impacting the use and licensing of digital 
resources, as well as the impact of major lawsuits 
(such as the Tasini case) on product content. If 
this was not enough to be adding to the licensing 
plate, we had to admit to ourselves that the 
archiving and perpetual access issues were as yet 
unresolved and of increasing concern as 
pressures mounted to cancel print subscriptions 
of titles accessed over the web. 



Other pressures related to living in a licensed and 
increasingly digital world grew as well. With 
the new reliance on digital products, breaches of 
contract are inevitable, but these incidents are 
labor intensive to investigate. Locating the 
person responsible is not straightforward unless 
your library operates as a police state-which 
libraries in the US do not, of course. Each 
situation involving misuse is unique, and 
requires thorough investigation, analysis, and an 
individualized response. (For example, a case of 
misuse might turn out to involve a research 
project falling in a gray area with respect to rules 
of use that the information provider may 
ultimately allow to continue, but only if the 
library is effective in finding the person 
responsible and making the case effectively that 
the research should go on.) Such nonstandard 
work requiring deep and broad knowledge not 
only of one's own campus but also of electronic 
resources requires serious staff commitment, 
training, and time. These are not situations that 
can be resolved by a quick, straightforward 
phone call. Access to a given resource for an 
entire campus hangs in the balance, as does, in 
some cases, legal action against an individual or 
a university. Such matters require diplomacy 
and careful handling, and yet constitute an 
entirely new area for library staff to concern 
themselves with. 

Meanwhile, methods of educating users are still 
in development. The MIT Libraries use a red 
"L" button (for 'license') to lead users to unusual 
restrictions from our main e-resource interface 
(Vera) and also present a generic statement 
regarding appropriate use on all search screens 
within Vera. However, even after putting these 
solutions in place, we feel obligated to continue 
to question what we will define as "reasonable 
efforts" to educate users about the rules of use, 
as products and use evolves. There is not a 
single issue that can be thought of as fully 
"resolved" in this market or with respect to 
libraries' role in it. 

To this challenging ocean of change, add the fact 
that we are doing business in a Tower of Babel : 
We no longer have a shared, unambiguous 
vocabulary to describe the products we buy. 
Ejournal package content tracking services have 
no particular name even among those selling the 
service. They are variously called an "electronic 
journal management system;" "services and 
products designed to strengthen the ability of 
libraries to manage their e-journal cOllections;" 
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or "a system that "tracks the full-text ejoumals 
available through database aggregators and 
electronic publishers." It appears that even the 
providers of these new services do not know 
what to call them. Is it any surprise that users 
and librarians, too, are feeling confused? 

In a review of pressing challenges that cannot be 
ignored, a key one is assessing product usage. 
As the number of products increases, keeping up 
with culling, evaluating, summarizing, and 
digesting usage statistics has become more and 
more daunting. High-level staff are needed to 
interpret statistics, query vendors about what is 
counted, and make valid comparisons. The good 
news is that more providers are following 
ICOLC guidelines and making statistics 
available on the web, and ARL has published a 
new handbook on collecting statistics 
(Association of Research Libraries, 2001 ), but 
certainly at MIT we have been struggling to find 
staff to track and aggregate this data. 

It is admittedly tiring to consider this array of 
challenges, changes, and pressures. And yet, 
beyond this already exhausting group of 
demands, there is another significant new trend 
that was also facing libraries at the close of 2001 : 
ebooks. This relatively new and undeveloped 
format represents another new wave of user 
demand, collection need, and complexity. Issues 
regarding how ebooks will be used, whether the 
one user/one book model will be acceptable- or 
what unlimited access model pricing will look 
like-- are floating unresolved. As the year 
ended, the ebook marketplace showed itself to be 
in flux and retrenchment, with companies 
folding (IT Knowledge), laying off large 
numbers of employees (Questia.com), struggling 
near bankruptcy (Netlibrary), and purchasing 
each other (Books24x7 /Skilsoft) . Purchase, 
access, and pricing models remained in flux, 
with some products being marketed directly to 
students (Questia.com), and the question 
hovering about the role for academic libraries in 
delivering text to handheld ebook devices , or 
even offering such devices to users. 

So where did all of these questions, trends, and 
demands leave us at the end of 2001, four short 
(and yet also SO long) years after our first big 
push to purchase licensed web products? With 
intense pressure on staff time, no FTE growth, 
and the burning question of how to reallocate 
resources yet again, to fully support digital 
collection building. 
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SOLUTIONS: CIRCA 2001 

As 2001 came to a close, we did try to find some 
interim solutions to address these new pressures. 
We shored up our purchase decision process with 
new requirements, such as a complete written 
proposal presented to the electronic resources 
committee before any product discussion. We 
grounded the committee's purchase decision
making process through the use of a criteria 
analysis process that generated weighted 
purchase criteria we could use as an objective 
standard. This seemed more necessary as our 
dollars stretched across fewer and fewer of the 
potential products on the market. 

See Figure 2: Purchase Criteria Matrix (1). 

We addressed the complex service environment 
by focusing efforts on improved integration of 
and navigation between our ejournals and 
databases. For example, we began a pilot project 
to evaluate the use of ExLibris' Metalib (in 
addition to or even instead of Vera) for cross
database searching and combining di sparate 
related resources in one search screen; and 
implementing SFX to help users navigate 
complex environment by linking from citations 
in databases to fulltext in ejournals. 

We also focused efforts on how to increase 
staffing, examining many models for how to add 
hours to digital resources . We spent time 
redefining the role, scope, and membership of 
the networked resource committee to create a 
more nimble and effective group. 

We began experimenting with a range of means 
for tracking the contents of aggregated ejournal 
packages, finding that different methods work 
for different products. At the end of200l, MIT 
remained invested in using at least three systems 
for such tracking: manual systematic checking of 
a site; information provider newsletters ; web 
tools (e.g. Mindit, which will automatically 
announce changes to a table of contents list, for 
example, over email) and Serials Solutions ' 
customized lists of aggregated content. 

We called our particular implementation of 
Serials Solutions' service BELL, for Buried 
Ejournal Locator List. BELL offers a means of 
title-level access to aggregated fulltext content, 
such as the titles 'hidden' within Dow Jones 
Interactive or Academic Universe, there are 
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titles we did not have the staff to catalog, list, or 
even track at the title level on our own because 
of their constant content changes. 

See Figure 3: Serials Solutions implementation 
at MIT: BELL. 

We also began devoting more resources to the 
unresolved questions about archives of ejournals 
and databases. We applied for and received a 
Mellon Foundation ejournal archiving grant, one 
of seven encouraging the development of 
publisher/library partnerships in archiving. 
While no one has solved all the problems yet, 
these grants are an encouraging giant step in that 
direction. MIT began work on the problems 
involved in archiving web-native ejournals like 
MIT' s CogNet, a born digital scholarly 
community. 

CHALLENGES & SOLUTIONS: 2002 AND 
BEYOND 

As we enter 2002, it is clear that the solutions we 
put in place in 2001 will not hold us for long. 
We have come to expect that our answers are 
ephemeral, and constant adjustments will 
continue to be required for the time being. We 
face compelling and pressing questions that 
directly impact our ability to provide good 
service to our users around the themes of when 
and how to mainstream the purchase and support 
of digital resources; whether, when and how to 
migrate from print to digital for more products; 
how to move staff from print-based functions to 
supporting digital products; and how to develop 
a distributed archiving function that will satisfy 
the need for a reliable record of scholarship for 
future generations. 

With no end to change in sight, the one common 
thread carrying us from one brief era to another 
is the need to keep ourselves relevant by meeting 
our users' needs. They will need someone to 
make sense of digital information resources; It 
can be us, if we continue to identify and meet the 
challenges that face us, week after week and year 
after year, questioning the systems and 
procedures that worked so well in the print 
environment, but which fail us in this new 
universe, and questioning, too, even those 
solutions we have worked so hard to devise and 
put in place as recently as a year in the past. 
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BELL: Buried E-Journal Locator List 

For a complete list ing of databases and e-journals held by the MIT Libraries, see : 
Databases & E-Journals: \/era or Cataloa : Barton. For more information, see the BELL FAO . 
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~~~~~~~~~~~~------------------------------------------------------------~ .. 
A 

A Ia Carta is available from 12/01/1995 to 08/ 01/1997 in LexisNexis Academic Universe . 

ABcG Information Services: Comtex is available from 03/08/1999 to present in Dow Jones lnterac, t ive. 

A . Magazine is available as follo ws: [from 01/ 01/ 1994 t o 11/01/1998 in Dow Jone3 lnter.;.c tive ] [from 
07/01/1990 to present in .E;th n i,:;_blewsV'@J&.h.~9J!l.P..11l.l.~l 

A.G. Edwards Be Sons, Inc. is available from 01/01/1994 to 1 month ago in Dow Jones Int erac tive. 

AACE International Transactions is available from 01/01/ 1988 to present in ABI/INFORM Global. 

AAI Action Alert is available from 08/01/2001 to present in _l;_t.hni c NewsWatch Cornp.!Jllll. 

Figure 3: Serials Solutions implementation at MIT: BELL 
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AUTHORSHIP, AUTHENTICITY, INTEGRITY, PRESERVATION 
AND LIABILITY ASPECTS OF DIGITAL GEOLOGIC PRODUCTS 

Ian J. Duncan 
Virginia Division of Mineral Resources 

Abstract-- Digital Geologic Products (DGPs) provide a key means to communicate the societal value of to 
geology to stakeholders (who ultimately influence funding). DGPs also are a way to provide geologic 
information in a format that can be readily used by non-geologic professionals. The opinions of focus 
groups of customers for geologic data analyzed by the USGS lead to the conclusion that "the demand for 
digital maps is strong, diverse and far exceeds current production." The viability of DGPs as a replacement 
for traditional paper based products, requires resolution of the issues of authorship, authenticity, integrity 
and preservation. In addition DGPs have significant liability if the misuse of the data could lead to poor 
decisions and possible adverse outcomes. An approach to authorship of DGPs is proposed that is rooted in 
the traditional concepts of taking responsibility for part of the product. The responsibility taken by the 
geologic and digital authors can be detailed in the metadata. Metadata has also been proposed as a way of 
ensuring the authenticity and integrity of digital geologic maps. A random sample of 100 published 
metadata has been critically assessed in this context and found to be inadequate for these purposes. 
Similarly the metadata surveyed failed to address data quality issues in such a way that the liability 
associated with digital products is even minimally mitigated. A geologic metadata profile is proposed that 
focuses on a standardized approach to lineage and data quality. Such an enhanced metadata, combined with 
creation of a National Digital Geologic Product Standard forms the basis for addressing preservation issues 
as well as authenticity, integrity and liability issues. 
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DSPACE: MEETING THE CHALLENGE OF CAPTURING AND 
PRESERVING MIT'S INTELLECTUAL OUTPUT 

David H. Stuve 
MIT DSpace 

Abstract -- DSpace is a joint project by MIT Libraries and the Hewlett Packard Company to build a stable 
and sustainable long-term digital system that captures, preserves and communicates the intellectual output 
of MIT's faculty and researchers. It provides web access to articles, technical reports, working papers, 
conference papers, images, datasets and rich media works produced at MIT. 

Accommodating the diverse needs of different disciplines and groups within the Institute is one of 
DSpace's most challenging tasks . The DSpace system addresses the issue of multi-disciplinarity by 
subdividing DSpace into "communities" , each of which serve a particular discipline or type of information. 
Each community will be self-managed, creating its own contributor, access, and rights policies, following 
its own workflow patterns, and implementing metadata standards appropriate to its needs. These diverse 
requirements have led to interesting design solutions, especially in the area of metadata architecture. 

The DSpace long-term vision of a federated group of research institutions sharing each other's 
intellectual work through use of a common system has presented the team with the challenge of selecting 
low cost or open source components, as well as selecting solutions that can be easily installed, implemented 
and maintained. 

Planning for maximum longevity has presented DSpace with several challenges. It must be flexible 
enough to accommodate replacement of software components in the future while maintaining the integrity 
of the data and metadata store. Dealing with data format and data representation issues with a view to long
term preservation presents its own set of challenges as libraries plunge into the digital future. 

This presentation will give an overview of the DSpace customer and user needs, and the system design, 
architecture, and current beta release of DSpace. 

[DSpace is now operational. See http://www.dspace.org] 
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GEOGRAPHIC INFORMATION SCIENCE AND TECHNOLOGIES: IMPACTS 
ON INFORMATION ACCESS AND EXCHANGE FOR THE GEOSCIENCES 

Christopher A. Badurek 
Department of Geography 

University at Buffalo 
Buffalo NY 14261-0023 

badurek @acsu. buffalo.edu 

Abstract -- The use of geographic information systems has rapidly increased over the past ten years across 
the sciences, and interest in its use in academic libraries has also increased. This increase and the rapid 
development of geographic information technologies have resulted in a need for easier and more effective 
mechanisms for accessing and exchanging digital geoscientific data. In light of this need, the development 
of geographic information technologies focusing upon the exchange and access of geoscientific data will be 
reviewed, and potential impacts on users will be presented. Trends such as data sharing networks, the 
Geographic Markup Language, and digital libraries will be evaluated as to what value they have for current 
users and geoscience information specialists. The purpose of this study is to briefly review the field and 
literature of Geographic Information Science and discuss research areas relevant to geoscientific data 
sharing. The development of interest in GIS in the library literature as well as interest in library issues from 
the geographic information science community will be demonstrated, and future developments in 
geoscientific data sharing will be presented. 

INTRODUCTION 

Interest in Geographic Information Systems 
(GIS) has steadily increased among academic 
libraries over the past ten years . In a few years 
time, it is conceivable that GIS will play an 
important and pervasive role in both academic 
and public libraries. The rapidly increasing 
amount of geospatially-oriented data produced 
by the government may be seen as a sign of the 
arrival of a geospatial information age. While 
many libraries have begun investing in 
geographic information technologies, there 
remains a need for research into the use of 
geographic information systems and geospatial 
data in libraries. In particular, the rise of the 
digital library concept has expanded the possible 
roles of libraries in the storage and dissemination 
of geospatial information. 

. The rise of a new field, Geographic Information 
(GI) Science, which studies the technologies of 
geographic information, provides an unique 
opportunity for librarians to participate in and 
help shape the new era of library technology that 
will inevitably change the current library 
information structure. Research on GIS as used 
in libraries including implementation and 
software issues are currently of interest to 
government information specialists and 
geoscience and map librarians. GIS and 

geospatial information technologies are costly 
and currently not widely utilized, yet further 
discussion and research reveals the importance 
of investing in these technologies for future use. 

The purpose of this study is to briefly review the 
new field of GI Science and discuss its impact on 
geoscientific information access. The role of 
libraries and librarians in the corning geospatial 
information age are also in need of discussion. 
While libraries have always fostered a 
democratic approach to information access, 
discussion of a digital age raises questions about 
empowerment and possible information isolation 
among the public. Examination of these issues 
seeks to determine what role library and 
information science has in providing access to 
geospatial data. 

GI SCIENCE & TECHNOLOGIES 

Geographic Information (GI) Science is a new 
and rapidly developing field distinct from what 
is termed geographic information systems (GIS) . 
GIS generally refers to information systems for 
the storage, capture, retrieval, manipulation, and 
visualization of geographic information. GI 
Science, broadly defined, refers to the study of 
the computing technologies behind geographic 
information systems, cognitive aspects of 
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modeling geographic space, and how GIS 
technology affects society. 

Recognizing that geographic information 
systems were not just computer applications for 
spatial data handling, Goodchild called for the 
formal study of the science and technological 
implications involved in GIS as a geographical 
information science. "We need to move from 
system to science, to establish GIS as the 
intersection between a group of disciplines with 
common interests, supported by a toolbox of 
technology, and in turn supporting the 
technology through its basic research." 
(Goodchild , 1992 p. 43) GI Science is a reflexive 
field of study that aims to improve upon 
geographic information technologies through 
research projects focusing upon their 
construction and use. 

This field further developed from a National 
Science Foundation funded research project 
called Project Varenius, named for the influential 
seventeenth century Dutch geographer. The 
mission of the project that ran from February 
1997 to February 2000 was the advancement of 
geographic information science. Since GI 
Science as a distinct field of study is young, 
exact definitions of the field are still being 
developed. In order to adequately define this 
field, first geographic information (GI) must be 
defined. Geographic information refers to the 
abstractive process of linking a geographic 
location with information about that location. 
This abstraction involves the cognitive 
processing of spatial data and the processing of 

this data into information. Geographic 
information technologies represent this 
information in a digital format that enables the 
diffusion of information to others and into our 
society. Geographic information science looks at 
these factors under three definitive areas: 
geographic cognition, computing aspects of 
geographic information, and societal issues. 
(Goodchild et al, 1999) 

Definitions of the field were further explored at a 
Workshop on Geographic Information Science 
held at the National Science Foundation on 
January 14-15, 1999. "Geographic Information 
Science (GI Science) is the basic research field 
that seeks to redefine geographic concepts and 
their use in the context of geographic 
information systems. GI Science also examines 
the impacts of GIS on individuals and society, 
and the influences of society on GIS." (Mark, 
1999 p. 7). While GI Science may be considered 
an outgrowth of the GIS research that resides in 
the field of geography, it is multidisciplinary in 
its examination of the application of GIS in 
many fields of study and improvements that can 
be made to GIS computing technology through 
research in such fields as computer science, 
philosophy, cognitive science, and library and 
information science. The multidisciplinary nature 
of GI Science is illustrated by the list of 
participating faculty in the new NSF-funded 
Interdisciplinary Graduate Education and 
Research Training (IGERT) program in GI 
Science at the University at Buffalo, The State 
University of New York. (see Figure 1) 

Figure 1. Participating Academic Departments in GI Science IGERT Program. 
(Source: I G ERT Website http://www .geog. buffalo.edu/ncgia/igert/outline/participants/) 
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Geographic Information Science is further 
described as having three basic motivations: 
scientific, technological, and societal. 
(Goodchild et al, 1999) The scientific aspect of 
GI science focuses on GIS use, in particular its 
applications to specific academic disciplines and 
the accuracy of information it generates. 
Technological aspects of GI Science are 
concerned with developments in hardware, 
information technology and architecture, as well 
as aspects of human-~omputer interaction and 
software engineering. The societal motivation 
examines how GIS benefits society, such as 
through improved public access to health and 
environmental information, and how it can 
negatively affect society as explored in the issues 
of surveillance, privacy invasion, government 
empowerment, and disenfranchisement resulting 
from the growing digital divide. 

GI Science can also be seen as concerned with 
three basic levels: the individual, the system, and 
society. (Goodchild et al, 1999) At the individual 
level, the processes, conceptualizations, and 
decisions of technology users are studied. At the 
system level, geographic information 
technologies are studied, including hardware, 
software, and information architecture. At the 
societal level, institutions, communities and the 
customs and laws of a society are examined as 
they relate to geographic information. The 
interface of the individual-system levels are of 
prime interest to librarians and information 
scientists as it asks the question: "to what degree 
does the use of digital coding constrain the 
ability of individuals to record and communicate 
knowledge of the geographical world?" 
(Goodchild et al, 1999 p. 742) The study of how 
GI technologies affect how users think and 
interact with geographic information in a library 
context can enhance tools for geographic 
information access and exchange. 

The study of GI Science is also of interest to 
librarians and information scientists in that it 
involves many of the critical issues involving 
access to geospatial information by the 
university community and the public. Since the 
primary function of the librarian and information 
scientist is to provide access to information for 
library users, the consideration of issues in GI 
Science are useful for the complex task of 
providing access to geospatial information. In 
turn, many of the research issues facing 
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librarians and information scientists are 
applicable to the study of GI Science. Such 
issues as the use of GIS software and geospatial 
data in libraries, metadata and the classification 
of geospatial information, creation and 
optimization of digital libraries, methods of 
geographic information and image retrieval, 
optimization of graphical user interfaces and web 
access through the study of human computer 
interaction, and the societal role of librarians and 
libraries in a geographic information age can all 
contribute to the field defined as geographic 
information science. GI Science also seeks to 
provide applied research findings that enhance 
tools and information access to geographically 
oriented data such as those used by geoscientists 
for volcanology and ground water modeling, as 
well as those used by the general public for local 
urban planning, public health, and government 
participation issues. 

GEOGRAPHIC INFORMATION IN 
LIBRARIES 

More than just a means for computerized 
mapping, a GIS can be used to collect, store, 
manipulate, and analyze geospatial data on a 
large scale. These uses of GIS are becoming 
increasingly common in academic libraries for 
the visualization of federal geospatial data, 
spatial data analysis, and map creation, 
particularly in government and map collection 
units. Many academic libraries are even 
providing their own GIS libraries containing GIS 
software, workstations, and access to digital 
geospatial data. In order to offer GIS to library 
users, a library must not only provide the 
necessary hardware and software, but also 
instruction in the use and application of the 
software for patrons who are unfamiliar. 
However, with such a wide range of possible 
combinations of workstations, software used, 
and time used for instruction, there is no 
standard GIS library configuration. 

While it has been said many times that 
approximately eighty percent of all data 
available from the U.S. government is 
geographically oriented, little has been formally 
written on future plans to distribute much of this 
data digitally. Recent articles (Stone, 1999; 
Lamont, 1997) have reported on the rapidly 
increasing amount of digital geospatial data 
available from the government. In fact, the 
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Census Bureau began sending the digitally 
oriented TIGER (Topologically Integrated 
Geographic Encoding and Referencing system) 
files to depository libraries in the early 90's. 
These CD-ROM based files can be used to create 
street maps for the entire United States. 
(McGlamery and Lamont, 1994) GIS 
workstations are a necessity for viewing this type 
of data. Since the mission of libraries is to 
provide access to information to its users, GIS 
workstations will increasingly become necessary 
as the amount of geospatial data increase. 
According to Boisse and Larsgaard (1995), 
libraries have little choice but to integrate this 
new technology or become marginalized by 
ignoring the needs of current and future 
geospatial data users . 

While a large amount of literature exists on what 
GIS is and how it can be used , the literature on 
GIS use by libraries is still growing. This is most 
likely due to the fact that user-friendly desktop 
GIS software has only been developed in the last 
ten years. Literature on the implementation of 
GIS into libraries has generally focused on the 
following issues: hardware, software, access to 
geospatial data, and staff training. While most 
libraries will offer MS Windows or MS NT 
operating systems and include ESRI's Arc View 
GIS software, some libraries have reported 
working with a Unix or Macintosh operating 
system. While many other types of GIS software 
exist and are used by GIS libraries, Arc View 
remains the most common for libraries. 
Unfortunately, there has been a lack of literature 
on library users or librarians' experiences with 
the major GIS software applications. 

However, a recent survey questioned librarians 
on how satisfied they were with their current 
hardware and software configurations. The 
results showed that librarians were neutral to 
slightly dissatisfied with their current software 
and hardware, and found the GIS software they 
used to be difficult to learn and utilize. (Badurek, 
2000) With GIS librarians spending as much as 
fifty percent of their time in the instruction of 
library users, there is a definite need for 
increased usability of GIS software. Considering 
the potential growth of GIS into libraries, 
librarians who provide GIS instruction and 
support could offer valuable input to increasing 
the usability of GIS software. ESRI has 
recognized the need for usability testing on its 
products and currently solicits users to 
voluntarily enroll in usability testing of its 
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products. (ESRI, 2000) 

Other major issues concerning the integration of 
GIS technology into libraries have been 
providing support staff and the estimation of GIS 
use in the library. Offering GIS to library users 
requires having at least one staff member with 
training and experience with using GIS software 
so they may instruct users, answer reference 
questions, and provide instructional content on 
GIS use. Answering questions with regard to this 
technology could easily become a full-time job 
in many libraries where there is only one staff 
member familiar with GIS. With many library 
staffing budgets tight and the investment in GIS 
so costly, there is a need for literature on how 
often GIS workstations are used and how much 
staffing time is used for helping. This issue 
raises further questions as to what kind of 
background librarians need to instruct novice 
GIS users and how such users best acquire the 
necessary fundamentals to make use of the 
provided GI technology. 

LITERATURE ANALYSIS-JOURNALS 
AND GROWTH 

A first step towards developing a link between 
GI Science and the library and information 
science field is to examine the literature 
concerning GI technologies . GI Science is 
becoming its own field of study with its own 
distinct research issues and academic 
publications. "The GIS phenomenon is now 
generating its own specialist literature. The first 
academic journal to be entirely devoted to GIS, 
the International Journal of Geographic 
Information Systems began publication as 
recently as 1987, and the first trade journal, GIS 
World started in 1988. In the same year, the 
National Science Foundation established its 
National Center for Geographic Information and 
Analysis (NCGIA)." (Masser and Onsrud, 1993 
p. 1) The number of journals that focus 
specifically upon GIS research has grown 
considerably over the last 10 years. (see Figure 
2) This increase has helped to solidify GIS 
research as a distinct field of study with its own 
distinct research issues. Many of these journals 
accept articles from a variety of fields as they 
apply to the research issues in GIS, indicating 
the multidisciplinary aspects of the field. 

The birth of Geographic Information Science 
will likely have a similar growth in literature as 
it begins to take shape in the early twenty-first 



century. A preview of the focus upon the study 
of Geographic Information Science can be seen 
in the switch in title of the journal International 
Journal of Geographic Information Systems to 
International Journal of Geographic 
Information Science in 1997. IJGIS has also 
recently published a special issue specifically 
focused on the field of GI Science (December 

Figure 2. GIS Journals and Year Established. 

GIS Journal 
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1999) and features a range of articles covering 
many aspects of the field. Likewise, the journal 
American Cartographer changed its title to 
Cartography and Geographic Information 
Systems in 1990 and has also published special 
issues on topics pertaining to digital libraries and 
GIS (Spatial Data Infrastructures in the 1990s, 
July 1998). 

First Published 

International Journal of Geographical Information Systems 1987 
Cartography and Geographic Information Systems 1990 
Surveying and Land Information Systems 1990 
Geographic Information Sciences 1996 
Transactions in GIS 1996 
Geoinformatica 1997 
International Journal of Geographical Information Science 1997 
Journal of Geographical Systems 
Spatial Cognition and Computation 

Similarly, the number of articles on GIS has 
increased considerably in Library Literature , the 
popular library science bibliographic database. In 
November 2001, a search was performed on 
Library Literature using the search string, "gis" 
or "geographic information systems," and 

Figure 3. Number of Articles on GIS in 
Library Literature. 

Years #of Articles 
1995-1999 70 
1990-1994 31 
1985-1989 5 
1980-1984 0 

1999 
1999 

utilizing the Words Anywhere feature for time 
periods from 1980-1999. (see Figure 3) From the 
years 1985-89 to the years of 1995-1999, there is 
a greater than twelve fold increase in the number 
of articles published on this topic for use by 
librarians and information scientists. 

Figure 4. Number of Articles on GIS in Library 
Literature per Year. 

Year # of Articles 
1999 13 
1998 5 
1997 13 
1996 19 
1995 20 
1994 7 
1993 11 
1992 6 
1991 1 
1990 6 
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Figure 5. Graph of Articles on GIS in Library 

Number of GIS Articles in Library Literature 1980-1999 

1980-1984 1985-1989 

Figure 6. Ten Basic Research Initiatives of 
the University Consortium for Geographic 
Information Science (Source: UCGIS, 1996) 

Spatial Data Acquisition and Integration 
Uncertainty in Geographic Data 
Spatial Analysis in GIS 
Future Spatial Information Infrastructure 
Interoperability of Geographic Information 
Distributed Computing 
GIS and Society 
Scale 
Cognition of Geographic Information 
Extensions to Geographic Representations 

1990-1994 1995-1999 

Year 

Figure 7. Five Areas for Future Research on 
GI Science Related Topics. 

GIS Access, Implementation, and Software Issues 
Cataloging, Metadata, and Data Sharing 
Digital Libraries and Information Architecture 
Geographic Information and Image Retrieval 
Societal Role of Libraries in the Geospatial Information 
Age 

Figure 8. Major Research Needs for Digital Libraries. (Source: NRC Mapping Science Committee, 
1999) 
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Scalability 
Indexing 
Merging Data 
Interface Design 
Visualization 



A review of the articles published by year 
indicates a relatively consistent growth in the 
1990's in the number of GIS articles in library 
science periodicals. (see Figures 4 and 5) These 
trends will continue as GIS becomes more 
integrated with other types of electronic services 
offered in libraries. This brief literature 
examination serves to reiterate the importance of 
research into GIS use, technologies, and 
implementation in the library sciences 

GI SCIENCE AND LIS RESEARCH AREAS 

While a research agenda has been set for basic 
GI Science research (UCGIS, 1996) across 
disciplines (see Figure 6), research areas specific 
to GI Science have not been explicitly defined 
for librarians and information scientists. While 
there may be overlap in some of these basic GI 
Science research initiatives, in particular 
advances in information infrastructure, 
interoperability of geographic. information (data 
sharing), and issues in GIS and society, research 
areas specifically defined for librarians and 
information scientists may further advance GI 
technologies. GIS access and implementation, 
cataloging and data sharing issues, digital 
libraries and information architecture, 
geographic information and image retrieval, and 
the societal role of libraries in the geospatial 
information age (see Figure 7) are all areas of 
prime concern to the development of successful 
GI science research initiatives and are practical 
research topics germane to the general study of 
library and information science. 

As evidenced by such works as Geographic 
Information Systems and Libraries (Smith and 
Gluck, 1996), libraries and librarians have a 
considerable role in the future use of geospatial 
data and the way in which users access it, and in 
turn how geospatial information is proliferated 
into society. The role of libraries and librarians 
in the geospatial information age can be divided 
into two essential functions: the instructive and 
the constructive. The instructive function may 
refer to such activities as reference service and 
bibliographic instruction. In the light of GI 
Science, the instructive functions of librarians 
would focus on how librarians instruct users in 
the use of GIS and geospatial data, the 
experience imparted upon library users with this 
type of technology, and how librarians train and 
communicate with other librarians on this type of 
technology. Positive experiences and good 
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instruction are key to the development of GIS 
use in libraries. 

The constructive function refers to the building 
of information architectures that support 
geospatial data access and to the planning and 
administrative environments that must exist for 
the successful implementation of GI 
technologies. Adding GIS and geospatial data to 
a library is not a quick addition in which its 
success may be measured by its usage statistics 
per month or year, like the addition of 
bibliographic databases. The addition of GIS to 
libraries requires careful planning and a 
commitment to development through training, 
resources, and personnel. Nancy Cline, former 
Dean of Penn State University Libraries states: 
"Participation in the ARL GIS project was a 
strategic choice. The value of embarking on it 
was not to achieve short-term gains. Rather, it 
was envisioned as a long-term investment that 
would position the university's libraries to work 
effectively with a major set of resources-spatial 
data-and to do so in a networked environment." 
(Cline and Adler, 1995 p. 114) In the geospatial 
data age, the vast majority of geographically 
oriented information will be in digital form. This 
raises serious questions as to the nature of 
information access for the general public, 
particularly who will be empowered and who is 
at risk of being left behind. Libraries have 
always been the prime access points for 
information for all in society and to remain so, a 
careful investment into GIS and GI technologies 
is necessary. 

GI TECHNOLOGIES AND DATA 
EXCHANGE 

While the tools of geoscientific information 
processing have been mainly desktop geographic 
information systems, there are developments 
rooted in web-based information access that may 
be more appropriately called geographic 
information technologies (GIT). For example, 
ESRI's Geography Network is a web-based 
network for geographic data sharing and access 
usi ng typical web browsers. (ESRI, 2002) The 
advantage of this system is that it uses common 
web information architecture to deliver GIS 
functionality . Rather than approach geographic 
information processing on a desktop machine 
using GIS software, a user may interact with 
geographic information using a browser only. 
This kind of user interface is a simplified version 
of GIS software, but can be quite useful to meet 
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the geographic information needs of many 
library users. Similarly, ESRI's Internet Map 
Server product can be used by a variety of 
governmental and commercial organizations to 
offer some GIS functionality via the web. 
Harder's Serving Maps on the Internet (1998) 
presents several interesting examples of how 
geographic data may be accessed and processed 
through an web-based interface. While Harder 
presents mainly examples of proprietary 
geographic information, the Geography Network 
is a model for cooperative web-based sharing of 
geographic data among non-federal 
organizations as data are often freely shared by 
various participating organizations. 

Advances in metadata standards hold the most 
promise for increasing web-based sharing of 
geographic information. In particular, the 
Geography Markup Language (GML) can be 
used to store and easily transfer geographic 
information. GML is an encoding standard based 
on XML, the Extensible Markup Language being 
developed by the Open GIS Consortium (OGC), 
an organization focused upon data 
interoperability lead by industry members. The 
strength of GML is that it represents the building 
blocks of geographic data such as points, lines, 
polygons, surfaces, and their associated attributes 
as text files similar to HTML. GML separates 
the geographic data content, including geometry 
and attributes of an area or object, from the 
visualization of the data. Data are visualized in 
the form of maps after they have been rendered 
through graphics processors that read these text 
files. 

The value of GML is that it is a simple and 
effective storage format in comparison to the 
variety of other encoding standards that exist for 
geographic data. It also facilitates the exchange 
of data sets in that data can be more easily 
converted from local scale to larger scale and 
transformed from one GML specified format to a 
different GML specified format. Finally, GML 
has the advantage of being read by a number of 
simple text editors and rendered by graphics 
processors rather than expensive desktop 
software packages. For instance, a GML data set 
could be rendered on the web using the W3C's 
Scalable Vector Graphics (SVG), Microsoft' s 
Vector Markup Language (VML), and the X3D 
formats . (Lake, 2002) The storage and retrieval 
advantages of GML hold much potential for data 
sharing among scientists and library users, 
particularly when combined with the 
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organizational strengths of geographic digital 
libraries. 

DIGITAL LIBRARIES AND DATA 

True geoscience digital libraries contain 
organized sets of data that users can access and 
use effectively. In order for digital libraries to 
enable users to effectively access geoscientific 
data, there must be a successful relationship 
between the people, organizations, and 
technology involved. (Arms, 2000) While 
improvements in technology are often a given, 
progress will be made in geoscience digital 
libraries when research addressing how to induce 
data sharing among organizations, improve 
metadata standards and metadata participation, 
and increase usability of GI technologies and 
web-based information retrieval systems. 

The need for research addressing these issues is 
shared amongst representatives of the digital 
library community. Major research needs 
identified by the NRC Mapping Science 
Committee (1999) were: scalability, merging 
data, indexing, interface design and 
visualization. (see Figure 8) Goodchild (1998) 
has also li sted the following as major research 
need areas concerning geographic digital 
libraries: integration of data access across themes 
and scales, a new generation of search engines, 
geospatial interoperability, collection level 
metadata, and user interface metaphors. Focus 
upon resolving these issues are of great interest 
to not only GI scientists and researchers, but also 
to librarians and information scientists who 
provide geoscience information to their 
organizations. 

Nearly thirty years prior to Arms' Digital 
Libraries, John Kemeny's "A Library for 2000 
A.D." (1962) used the limitations of the physical 
library as the basis for his prediction of the 
obsolescence of the university library in the year 
2000. While these ideas may seem far-fetched, 
Kemeny predates the web-based library in his 
discussion of books and journal articles being 
preserved on linear tape for easy access for 
faculty and students. He also presents the 
concept of a "National Library" in which 
information materials are cooperatively added by 
libraries across the country and open to all 
cooperating universities . The successes of the 
Alexandria Digital Library project (Larsgaard 
and Carver, 1995; Buttenfield and Larsen, 1997) 
is a model for developing such a "National 



Library" devoted to geographic information. 
These core concepts, electronic data storage and 
cooperative data sharing, are essential to the 
successful implementation of a large-scale digital 
library. However, in contrast to Kemeny's 
predictions, physical libraries are needed more 
than ever. Librarians and information specialists 
work in specialized environments to not only 
support and guide users to government data 
sources, but also to provide and construct usable 
information products that support a variety of 
users. 

Geoscience digital libraries offer the advantage 
of being much more than just a digital version of 
federal and scientific data sources. Data and 
geospatial information sources in digital format 
are conducive to customization according to 
users ' queries. For example, a geospatial digital 
library might enable users to extract and 
download only the needed portion of a digital 
file rather than the entire file or perform a search 
for geospatial digital files based on similarity to 
an identified file. "The future of libraries (with 
regard to geographic information) requires a very 
different mindset, a dynamic model wherein the 
library archive maintains not only collections of 
documents , but also collections of services." 
(Buttenfield, 1998 p. 168) The development of 
expanded and novel information services for 
information retrieval and customization 
according to user needs is an area of further 
research for building dynamic digital libraries for 
geospatial data. 

The potential impacts of digital libraries and 
information services are an exciting development 
for geoscience information providers. Nicholas 
Negroponte points out that the change from a 
physical information world of composed of 
atoms to a digital information world composed 
of bits is inevitable and unstoppable. He states: 
"Thomas Jefferson advanced the concept of 
libraries and the right to check out a book free of 
charge. But this great forefather never considered 
the likelihood that 20 million people mjght 
access a digital library electronically and 
withdraw its contents at no cost." (Negroponte, 
1995 p. 4) Thus, digital geospatial information 
has become freed from its physical and 
geographic constraints, existing in a truly free 
space wherein users may access it from 
anywhere. 
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CONCLUSION 

GI Science is a distinct research field of interest 
to librarians and information scientists. With the 
widespread proliferation of GI technologies into 
the academic and public library on the horizon, 
research that merges GI Science and geographic 
information use in libraries and government 
agencies should be a priority. GIS in libraries is 
an investment involving commjtment to the 
development of technologies as they take shape. 
The investment into such technologies should be 
carefully evaluated, as it is an expensive 
prospect, especially in an environment where 
budgets are tight. However, technology is 
advancing at a rapid rate and decisions should 
not be made as to if libraries should invest in GI 
technologies, but when and exactly how much is 
necessary. 

While such GI technologies will certainly 
facilitate data sharing among scientists, students, 
and the public , concepts of the democratic access 
to information may be challenged by the 
unexamined prevalence of technology in our 
culture. Visions of information technology 
invariably carry an overly optimistic outlook that 
should be balanced by a critical eye evaluating 
GI technologies. "While many commentators 
present a rosy picture of technology-based 
future, the academic sector has a useful role to 
play in dispassionate assessment. Geographical 
information science should also be about the 
flaws in bullish predictions, including questions 
of equity, narrowness of representation, and any 
other issues." (Goodchild et al, 1999 p. 740) 
These concepts from GI science should be 
expanded upon in the context of libraries and 
information access. 

The future of libraries and librarians in the 
geospatial information age will certainly involve 
change, mostly for the better, but what may be 
lost may go unnoticed without the examination 
of such issues. "We may well wonder what other 
human skills and traditions are being lost by our 
immersion in a computer culture." (Postman, 
1993 p. 122) Undoubtedly the librarian shall 
remain a key figure in the developments of 
Geographic Information technologies as subject 
specialist and information architect, organizing 
and facilitating access to huge amounts of 
generated data. "It is only now beginning to be 
understood that cultures may also suffer 
grievously from information glut, information 
without meaning, information without control 
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mechanisms." (Postman, 1993 p. 70) Librarians 
and information scientists play a critical role in 
finding meaning in a digital geospatial world . 
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Abstract-- Everything's available electronically now! How true is that adage? In October of 2000, the 
Cal tech Library System set out to evaluate this conceit, and gathered data to see just how close to true that 
statement is. Our goal was to discover just how much of the literature cited by Cal tech's faculty was, in 
fact, available electronically. 

INTRODUCTION 

In the Autumn of 2000, the Cal tech Library 
System was faced with a situation that revolved 
around one Theoretical Physics Professor's 
belief that everything that anybody needed was 
available on the web, and that the main library 
on campus was just a warehouse for books and 
serials that nobody was using anymore. Since 
this specific physicist happened also to be a 
highly placed official of the Institution, and since 
he didn't seem to care much about faithfully 
collected use statistics, we decided to face this 
challenge head-on by actually asking the 
question: Well, how much is available on the 
web? 

For a physicist, 'Everything's available on the 
Web' is actually closer to true than for almost 
any other field of science: the Physics Preprint 
('xxx') server (formerly at Los Alamos National 
Laboratory and now at Cornell University) was 
designed for physicists to share their work in 
preprint form immediately; the fact that it 
doesn't serve that purpose for all other sciences 
was a point that we hoped to make. Add to this 
the fact that the Institute of Physics (lOP) and 
American Physical Society (APS) -- both prolific 
journal publishers - have been leaders in the 
scanning and mounting of their journals' entire 
runs online, and you can understand that a 
physicist might assume that the same was true 
throughout the scientific world . 

The Questions 

In order to test this theory, we identified the 
following questions to answer: 

1. What is really available electronically? 

2. What proportion of the material that 
faculty cite is, in fact, electronically 
available? 

3. Not constrained by Caltech's 
collections, what materials were 
available anywhere electronically on 
October 1, 2000? 

Implicit in the first question is "What volumes of 
a journal are available online?" Tectonophysics 
is available online, but only beginning in 1999. 
The previous 308 volumes are not. This is the 
norm, rather than the exception. While the lOP, 
the APS and the American Chemical Society 
have scanned and loaded their journals back to 
volume 1, and J-Stor has full back runs of its 
journals, the fact is that commercial publishers 
are not scanning, indexing and loading their back 
runs: they're making available what they have in 
electronic format as a by-product of paper 
publishing. Our counting therefore made that 
distinction. Also, we cast a wide net: we 
included papers that were posted on an author's 
website. 

We had to set an cutoff arbitrary date for 
ourselves, so October 1, 2000 was established. 
This was necessary because, as you'll see from 
the numbers included here, Caltech authors are 
decidedly prolific publishers. 
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The Plan 

l. Identify the three most recently 
published refereed publications by 
Caltech tenure-track faculty. 

2. Analyze the references in these articles 
to determine their sources. 

3. Determine the electronic availability of 
those sources. 

We worked with a single caveat: there was to be 
no duplication among citations. If a publication 
had already been added to the list because 
another author was also Caltech faculty, the 
Librarian found an earlier publication for that 
author. Multiple authorship might have really 
complicated matters, but we decided that we 
would only analyze each publication once. 

Caltech is a small science and technology 
university with a very large reputation. At the 
time of this study, there were 285 tenure-track 
faculty in six divisions (Biology; Chemistry and 
Chemical Engineering; Engineering and Applied 
Science; Geology and Planetary Science; 
Physics, Mathematics and Astronomy; and 
Humanities and Social Sciences). There are 
about 2000 students, of whom 55% are graduate 
students. 

Data Collection 

The work was done by literally everybody on the 
Library System staff. Design of the project was 
done at the Assistant University Librarian level , 
and research of publications was done by the 
Librarian subject bibliographers. 

Implementation and design of the various tools 
used were done by the Head of Circulation and 
Document Delivery and a member of the Library 
System's Information Technology Group, and 
input and analysis were done by staff members 
of the Circulation and Document Delivery Group 
and the Technical Processing Services Group. 
Paging, photocopying, interlibrary loan -- all 
were among the tasks that were necessary to 
make this project happen. 

The bibliographic data was collected into 
Microsoft Access by subject bibliographers. A 
Web of Science (WoS) search then produced a 
list of citations, which were emailed to a 

70 

Circulation staffer who inserted them into a 
Microsoft Excel spreadsheet. The Excel 
citations were linked to the Access database by a 
unique record number for each paper. 

To discover the electronic availability of the 
cited references, the bibliographers first 
consulted our Library Catalog, then surfed the 
Internet looking for journals, authors' posted 
papers, and print-to-web conversions of books 
and other materials . 

Sources of Data 

Our primary source of data was Web of Science, 
which we have loaded on campus back to 1979. 
It is known for its speedy indexing, cited 
references, and a standardized format that we 
adopted as our own. It is a good source for most 
Caltech research fields, especially those whose 
publications are primarily in the journal 
literature. Geology (at Caltech, at least) is 
definitely among these. WoS is not good for 
computer science and some engineering fields 
that depend on conference proceedings for a lot 
of their publishing. It is decidedly poor for 
humanities (although we do have the Arts & 
Humanities Citation Index loaded) because 
Caltech's humanities professors tend to publish 
in books with distributed reference lists. Any 
publication that wasn't in WoS (and there were a 
substantial number) had to be entered by hand, or 
sometimes by a laborious scanning/optical 
character recognition/parsing of citations process 
that most of us didn't have to undertake. 

Other sources of data included faculty websites 
(which we discovered had two interesting facets: 
( 1) the number of papers mounted on them, and 
(2) the number that are not kept up to date). 
Besides these, various bibliographers used 
MathSciNet, INSPEC, and other bibliographies. 
For the record, of the 38 faculty that this author 
researched, only 3 were not in Web of Science
all earthquake engineers. For these I used 
Earthquake Engineering Abstracts Online and 
faculty websites to collect information. 

Microsoft Access 

Access is a relational database program that 
allows one to have many different tables linked 
to one another, and data can thus be analyzed 
using queries that are constructed by individual 
users. Our database has six tables . The fields 
are delineated in Table l. 



Faculty 

• Name 

• Division 

• Option (Caltech doesn't have 'departments') 

• Faculty ID (unique record#) 

• Librarian's (the data collectors) initials. 

Publications 

• Publication ID 

• Material type 

• Full bibliographic citation 

• Parsed citation (author, article title, volume, 
source title, year, pages) 

Cited Sources 

• Title as cited in lSI 

• Full Title 

• ISSN 

• Online (yes/no) 

• Year 

• Publisher 

• URL 

• lSI Title Abbreviation 

• Comments 

Table 1. Access Tables. Table name in bold 

Material type was important because it allowed 
us to demonstrate what kinds of sources our 
researchers are using. It' s not enough to say 
"10,000 periodical citations" when you need to 
justify newspaper subscriptions and government 
document depositories, which are frequently 
forgotten by folks who focus on scholarly 
journals. 

O'DONNELL 

Cited References 

• Cited References ID 

• Material Type 

• Publication ID (links to Publications 
Table) 

• Volume 

• Title 

• Year 

• Electronic Access (yes/no) 

• Comment 

Material Types 

• Book 

• Book Chapter 

• Conference Paper 

• Government Document 

• Interview 

• Journal Article 

• Newspaper 

• Other 

• Patent 

• Review Article 

• Standard 

• Technical Report 

• Thesis 

• Working Paper 

Problems encountered - desktop technology 

Access was originally chosen because it allows 
multiple simultaneous use of the same database. 
However, we found that it was easier to 
manipulate files in Excel, with which most of the 
Librarians had at least some experience, than in 
Access, which was really only well-known by a 
few staffers. 

We discovered very soon that the Access files 
were enormous, and that our staff workstations 
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couldn't handle the load of even the main 
Publications Table, 11 megabytes of data. So a 
lot of the data were collected into Excel, and 
then transferred into Access for manipulation, a 
relatively simple process since they're both part 
of the Microsoft Office Suite. 

We didn't have old computers: we had just 
never needed this much computing power before . 
This meant that a good portion of the work had 
to be done by one or two people who were, 
essentially, a bottleneck (however unavoidable) 
in the project 's flow. Still, we managed to finish 
the majority of the work in about two months . 
One positive result of this: everybody on the 
Library System staff now has more powerful 
computer&. 

Campus findings 

1. There were a total of 842 faculty 
publications, stretching as far back as 
1982 to find three for each faculty 
member. 62% were published in 1999 
and 2000. 

2. A significant number of citations in 
these papers were to items published as 
far back as 1970. See Appendix 1 for 
details. 

3. The citation statistics indicate an 
overwhelming dependence on the 
journal literature. Of 36,064 citations, 
23,855 (roughly 66%) were journal 
articles. Another 5586 (about 15%) 
were books. The next largest number, 
Other, with 2348 items, is an 
amalgamation of all items that don't fall 
into any of the other categories. See 
Table 2. 

4. 54% of the journals cited had an online 
presence (meaning that some part of the 
journal run was in electronic form) . 
However, when analysis was complete, 
we found that only 38% of all citations 
were available online. 

Table 2. Campus: citation statistics 

Journal article 23855 
Book 5586 
Book chaQter 1678 
Conference Paper 1400 
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Technical Report 473 
Thesis 370 
Newspaper 162 
Government Doc 107 
Monographic series 68 
Patent 9 
Standard 8 
Other 2348 
Total 36064 

Geology & Planetary Sciences Division 
Results 

The author then worked with a subset of the 
campus database to glean information about his 
Library's primary population, the Division of 
Geology & Planetary Sciences (GPS). The next 
tables show these findings . 

The Division, the smallest of the five science and 
engineering divisions, has 35 faculty. Of their 
105 publications, 104 were journal articles (2 of 
which had no citations), and the remaining one 
was a book chapter. In these publications, there 
are a total of 4,670 citations. 

Table 3. GPS: Publication year of Faculty 
papers 

2000 72 
1999 19 
1998 7 
1997 5 
1996 2 
Total 105 

Compare this to 1982-2000 for the campus as a 
whole. 

There were 4,670 citations in those 105 papers, 
which broke down by material type as shown in 
Table 4. 

Table 4. GPS: Citations by type 

Journal Article 3601 
Conference Paper 439 
Book Chapter 242 
Book 176 
Thesis 87 
Technical Report 68 
Monographic Series 39 
Other 18 
Total 4670 



Of these 4,670, we found that 1,125 (24%) were 
available somewhere on the web, and 76% were 
not. 

Table 5. GPS: Electronic accessibility of 
citations 

Yes 1125 24.1 
No 3545 75.9 
Total 4670 

The majority of electronic materials were journal 
articles. 

Table 6. GPS: e-access by material type 

Journal article 1098 
Book chapter 10 
Conference Proceedings 17 
Total 1125 

Appendix 1 
Campus: Dates of publication 

2000 482 
1999 183 
1998 73 
1997 38 
1996 27 
1995 17 
1994 8 
1993 4 
1992 5 
1991 1 
1990 1 
1988 1 
1986 2 
1984 3 
1983 1 
1982 2 

O'DONNELL 

CONCLUSION 

So, what can we conclude? The great e-myth is 
just that. 38% campus-wide is hardly 
'everything', and the situation is worse in the 
earth sciences. Except in journal publishing, the 
electronic revolution has barely started, and it's 
got a long way before it's even half-way 
successful. I would expect that biology and 
chemistry figures would be higher than the 
campus average, but we'll have to wait to see 
those analyses done by my colleagues in those 
areas. 

In the meanwhile, I advise my fellow Geoscience 
Information Specialists to keep your bound 
journals, and to everyone, I would say: watch 
out what you're willing to believe. 
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Appendix 2 GPS: Top 20 titles cited 

The top 20 journal titles cited by GPS Faculty (out of a total of 408) accounted for almost 54% of the 
citations. The' '+" indicates title changes counted as one title. AGU publications accounted for 14.5% of 
all citations. GSA accounted for 5.7%. Nonprofit organizations accounted for 31% of the top 20, while 
commercial publishers produced 22%. 

Title Times % total 
cited citations 

+Journal of Geophysical Research 504 10.8 
Earth & Planetary Science Letters 230 4.9 
Science 221 4.7 
Geochirnica et Cosmochimica Acta 203 4.3 
Nature 187 4 .0 
GSA Bulletin 129 2.8 
Icarus 126 2.7 
Geophysical Research Letters 122 2.6 
Geology 99 2.1 
Contributions to Mineralogy & Petrology 96 2.1 
Lunar & Planetary Science Conference 83 1.8 
+Meteoritics 78 1.7 
Journal of Petrology 76 1.6 
+Geophysical Journal 66 1.4 
Bulletin of the Seismological Society of America 63 1.4 
Tectonics 55 1.2 
EOS 50 l.l 
American Mineralogist 45 l.O 
GSA Abstracts with Programs 38 0.8 
Lunar & Planetary Institute Contributions 34 0.7 

2505 53.7 
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Abstract-- We studied bibliometric data to uncover patterns in the usage of research work in hydrology. 
What we found was disturbing. Citation information related to key journals (e.g., Water Resources 
Research , Ground Water and Journal of Hydrology) showed that although many competent scientific 
papers have been produced, most are only minimally cited. This paper extends this research through the 
application of data mining in textual classification to examine whether research topic influences impact as 
measured by citations. More specifically, we studied research papers in five different sub-fields of 
hydrology (precipitation, unsaturated zone, groundwater, river/lake, and estuary/ocean). Bibliometric 
information related to articles in Water Resources Research is available on lSI's Web of Science. These 
data were correlated with information derived from a classification based on data mining of the entire text 
of the journal articles. The full contents of all articles published after 1990 were accessed and downloaded 
in digital format through the American Geophysical Union website. The bibliometric analysis showed 
broad variability in the impact of articles among these sub-fields, measured in terms of citations. Our 
preliminary results for Water Resources Research from selected years, 1980, 1985, 1990 through 1996 
show that articles focused on the unsaturated zone and ground water received more attention than other 
sub-fields. We also discovered a relationship between major topical areas covered by the journal and the 
citations to papers in these topical areas. A framework is being developed such that we can review research 
work in water science in the past and predict the trend of research work in that discipline in the future. 
Ultimately, we are seeking ways to guide researchers in creating greater impact for their work. 

INTRODUCTION 

Data mining is also known as knowledge 
discovery in databases. It involves extractions of 
interesting knowledge, such as rules, regularities, 
patterns, constraints, and etc. from data in large 
datasets. We are currently experiencing data 
explosion problems, because the computerized 
data collection tools and mature database 
technologies are avai lable, which leads us to 
tremendous amounts of data stored in datasets. 
That is, " We are drowning in data, but starving 
for knowledge! " 

Figure 1 shows the details of the processes for 
data mining. Generally, data mining process 
consists of several steps: (1) Data processing, 
including data selection, data cleaning, and data 
transformation. (2) Data mining specification, 
which contains mining task and algorithm 
development. (3) Knowledge interpretation, such 
as post-processing and visualization tools to help 
render new patterns. 

METHODOLOGY 

1. Citation Information 

We are interested in applying data mining 
techniques to examine the efficiency of scientific 
research in hydrogeology and discover the 
factors that produce impact. Here we use citation 
data information from the lSI Web of Science 
database. Although it is not a perfect metric , it is 
one of the few measures that are available. The 
citation data then are tabulated and combined 
with the data mining analysis to discover some 
of the interesting patterns. 

Figure 2 shows the trend lines of median 
citations of four selected hydrological journals 
(Water Resources Research, Ground Water, 
Journal of Hydrology, and Journal of 
Contaminant Hydrogeology ). Water Resources 
Research is the most cited journal among the 
four in terms of median citation in these selected 
years. JCH reached its peak upon one year after 
its first publication. GW and JOH behave the 
same bouncing around 5 for these years . The 
trend lines go down along the time since the 
more recent papers accumulate fewer citations 
than the older ones. 
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Figure 1. Knowledge discovery processes. 

Figure 2. Year trends of median citation for four selected hydrological journals. 
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The factors that we would like to explore are 
topics, authors, complexity, scales, and the 
audience of the papers. They possibly can 
explain the patterns described above and 
contribute to impact of research in the field . 
However, more evidences are required to 
elucidate our ideas. Thus, we select WRR as the 
journals that we textually mine into. Electronic 
papers and their citation information of the 
selected years were downloaded and converted 
into simple ASCII text to make them ready for 
information retrieval. 

2. Textual Data Mining 

We select Na'ive Bayes Classifier as the 
algorithm to classify the themes of papers by 
comparing the entire text with set of words 
provided by field experts for each theme (eg. 

andricevic.txt 
groundwater 0.9560 457396 
unsa turated 0.04387657259 
precipitation 7 . Oxlo -s 
e stuary-ocean 7. 2xl 0-6 
rive r- l ake 3 . Oxl 0-7 

FANG 

groundwater). The code that we used in the 
article was implemented by McCallum in CMU. 
The classifier predicts the themes for each paper 
by calculating the probabilities of themes that the 
paper most likely belongs to. Figure 3 shows one 
result provided by the classifier. The theme of 
this paper is predicted to be more than 95% 
likely a groundwater paper, about 4% 
unsaturated zone, and less than 1% of other 
themes. 

DATA ANALYSIS 

The information from data mining technique is 
tabulated and combined with the citation 
database. Statistical analysis on the citation data 
for five themes (precipitation, unsaturated zone, 
groundwater, river/lake, and estuary/ocean) and 
charts of trend lines are graphed in figures 4-7. 

Figure 3. Result from NBC 
(Na'ive Bayes 
Classifier) 

Figure 4. Year trends of percentage of papers for each theme in WRR. 
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Figure 4 shows the time trend lines of 
distributions of papers for five different topics in 
the journal Water Resources Research. 
"Groundwater" maintains about 30% coverage in 
the journal in these selected years. Topics 
"Precipitation" and "River/Lake" cover about 
20% each. "Ocean/Estuary" papers are the least 
seen in the journal. 

However, figure 5 reveals the citation 
distribution among these five research topics. 
"Unsaturated zone papers are the most cited 
among all , and their median citation is always 
higher than the yearly statistics. "River/Lake" 
papers are the least cited in terms of median 
citation, which is below the year statistics in 
these selected years. 

Figure 6 shows the paper distribution of another 
set of research topics (watershed, groundwater, 

multiphase, stochastic, and mass transport) in 
hydrologic modeling in Water Resources 
Research . In the graph, the "Watershed" and 
"Groundwater" modeling papers are more 
abundant than others in the journal for these 
years, while the topic "Multiphase" modeling, 
which began as a new field in early 80s, starts to 
increase in the amount of publication in WRR. 

Figure 7 shows the citation distribution for these 
five hydrologic modeling topics in selected years. 
"Multiphase" and "Mass Transfer" papers are the 
two most cited topics among the five topics, 
while "Stochastic" papers are the least cited in 
WRR. It is noticeable that the topic "Multiphase", 
which started in early 80s, gets its peak of 
median citation in mid-late 80s period. This 
indicates that a new topic easily attracts 
researchers' attention and is likely to be cited, 
which makes impact in the field 

Figure 5. Year trends of median citation of papers for each theme in WRR. 
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EVALUATION AND CONCLUSION 

In our research presented in this paper, we 
noticed that only a few hydro-papers have 
significant impact on its research field. The 
impact of a research paper is related to the 
following: l) the choice of journal where the 
paper is submitted, 2) the research topic and the 
journal combination (such as groundwater in 
WRR), 3) the new research field versus the old 
sub-field (eg. multiphase), 4) research topic of 
practical interest and usage (mass transfer vs . 
stochastic). We strongly hope that through our 
evaluation and analysis, the research scientists in 
our field cim take significant opportunities to 
find tactical advantages to create more impact in 
their research. 

FUTURE WORK 

This research is to be continued by looking for 
more factors that influence impacts in details. 
We would like to expand the time frame back 
further for papers, particularly some significant 
and fundamental ones. The varieties of topics 
and journals are to be increased to discover more 
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interesting patterns in other fields . Also, the 
social impact created by scientific research is of 
our interest and needs to be evaluated. Finally, 
through the advances of information technology, 
we hope to apply new technologies in our 
research to develop a system to evaluate the 
scientific impact in an efficient and reliable way. 
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Abstract-- Earthquakes close to major cities immediately attract the attention of the news media and 
scientist. Citations for three earthquakes over magnitude 6.5 were collected and studied for five years from 
both the popular press and the scientific literature using five bibliographic online databases. The events 
were chosen to contrast responses in two Pacific Rim urban environments; Northridge, California (M6. 7, 17 
January 1994) and Kobe, Japan (M6.9, 17 January 1995) with a remote California Mojave Desert location, 
Landers (M7.3, 28 June 1992). Each event was analyzed for the speed of publication, type of publication, 
source of publication, and the continuing research interest in the event over the five years. In addition 
socioeconomic factors were considered in terms of location, total damage, and disruption to 
communications and services. 

A fourth earthquake, the Hector Mine earthquake (M7.1, 16 October 1999) which was also located 
in the California Mojave Desert was also studied. This earthquake occurred since the advent of 
dissemination by the World Wide Web. In contrast less than one percent of the references are in the printed 
literature by October 2001, but there are over 2,300 web sites. This study was extended to review these sites 
emphasizing sustainability, cross linking, duplication, and the source and reliability of the information. In 
addition the archival potential of these sites was also considered for future information retrieval, analysis. 
and research availability for scientists. 

INTRODUCTION 

We live in a wired world where television makes 
an instant impact on our senses whenever a major 
disaster occurs and newspaper headlines evoke 
the urgency of the event. Earthquakes, if they are 
over magnitude 6.5 and occur near or in a major 
city, impact daily routines, the workplace, and 
deteriorating infrastructures. Public service are 
often overwhelmed by a crisis which brings 
shattered nerves as aftershocks continue. 
Equally, the recovery is closely tied to economics 
as jobs are lost, lives shattered, and tax bases 
change as cities recover from urban disasters and 
disruptions which can be reflected in sustained 
reports and news columns. For the scientist, the 
initial event is quickly analyzed and discussed at 
meetings, but the long-term impact and analysis 
of results can take many months. Another factor 
is also the actual publication pattern of the 
scientific literature where peer review and 
publishing schedules must also be 
accommodated. 

This study began as an evaluation of the 
immediate response and to contrast the popular 
and scientific literature between earthquakes of 
similar magnitude in a California and a Japanese 
city, Northridge and Kobe; and then to compare 
this with the interest generated when earthquakes 
of greater magnitude occur in remote desert 
communities. Since the advent of the World 
Wide Web and the mandate by the United States 
Government to widely disseminate scientific 
information, the 1999 Hector Mine earthquake 
was also studied to evaluate the impact of this 
new publication medium for distributing 
information. 

METHODOLOGY 

References to the Northridge, Kobe and Landers 
earthquakes were collected for five years from 
five bibliographic online databases. These 
databases were Current Contents, GeoRef 
(Bibliography and Index of Geology), INSPEC 
(Physics Abstracts), Magazine Index and 
Newspaper Index . The last two indexes were 
chosen to review the popular and news reports, 
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while the first three databases were chosen to 
cover the scientific literature. Each event was 
analyzed for publication date, type of publication 
and source of publication. Publication sources 
and format were divided into: government 
publications; journals published by professional 
societies, academic institutions, and commercial 
publishers; conferences; theses; and monographs. 

After testing keyword, title and subject searches 
for GeoRef(Table 1), the results from the 
keyword search was analyzed as this was 
possible across all databases. It was also thought 
that this would be compatible with results from 
the Hector Mine earthquake on the Google 
search engine. In addition, the Hector Mine 
earthquake was also enclosed in quotation marks 
to reduce hits. 

RESULTS 

Publication Rate for Landers, Northridge and 
Kobe Earthquakes 

Across all the databases the greatest number of 
bibliographic citations were found in the News 
Index for the Northridge earthquake, but this 
rapidly tapered off and overall, GeoRefhas the 
highest number of citations as shown in Table 2 
and Figure 1. Analyzing the results on a yearly 
basis, the pattern established in the News and 
Magazine Indexes for the Landers earthquake 
shows that interest was high to begin with and 
then caused hardly a ripple after the event. A 
pattern followed for both Northridge and Kobe 
except that there were over 1100 citations in the 
first year for Northridge and the interest was 
maintained into the second year. Citations 
retrieved in the Magazine Index also were 
extended over a greater time period and were 
perhaps generated by comparisons with the Kobe 
earthquake which occurred a year later and 
allowed comparisons for recovery and economic 
effects. There are few conference proceedings 
reported in IN SPEC and only journal articles in 
Current Contents. Citations peak in the second 
year for Kobe and Landers earthquakes but in the 
third year for Northridge reflecting both the 
longer time needed for refereed articles to be 
published and the continued interest in the 
scientific community. Citations from Current 
Contents are always lower than from INSPEC as 
title words are the only access to information in 
this database when searching by topic. 
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Results from GeoRef rank the highest in the 
scientific databases. Conference proceedings are 
included in this database and significantly add to 
the number of citations in the first and second 
year. Event timing is critical for abstract 
submission and is clearly illustrated by the 
Landers earthquake which occurred close to the 
submission date for the Annual Meeting of the 
Geological Society of America (GSA). Abstracts 
were dominated by submissions to the Fall and 
Spring meetings of the American Geophysical 
Union (AGU). This contrasts with the timing of 
both the Northridge and Kobe earthquakes in 
January allowing time for submission of abstracts 
to all the major society meetings. In addition, the 
timing of these two earthquakes allowed a 
continuing ongoing publication scheme for 
contrasting and comparing results that probably 
accounts for the continual citation record. 

Although the INSPEC database does have some 
conference presentations it predominantly 
records the journal literature which takes time to 
appear in journals and depending upon the 
publication date can skew results . Journal 
publication is higher in the third year for 
Northridge reflecting that the commemorative 
volume of the Bulletin of the Seismological 
Society of America focusing on the Northridge 
earthquake was published in the January of the 
third year. Publications peaked for both Kobe 
and Landers earthquakes in the second year 
although for Kobe there was a resurgence in the 
fourth year. 

Publication Format Average over Five Years 

The Magazine Index covers a very broad array 
of publications covering all fields at a general 
level from both professional societies and 
commercial publishers. No conferences are 
included in this database. Over the five year 
period the total number of records reflects the 
interest or lack of interest in a specific 
earthquake. The Landers earthquake only 
generated 31 records contrasting with 227 for 
Northridge and 152 for Kobe. The publications 
were placed into five categories: North American 
societies, general commercial, business 
commercial journals, local reports, and 
government publications. Figure 2 emphasizes 
that the results from Landers fell clearly into just 
two categories: general commercial publications, 
and journals from North American geological, 
seismological and geophysical societies. General 



Table 1. Comparison of database results by keyword, subject and title from GeoRef on the Landers, 
Northridge, and Kobe earthquakes. 

Earthquake by year Keyword Subject Title 
Landers Jun 28 1992 Landers 92 35 34 15 

Landers 93 131 131 67 
Landers 94 119 112 50 
Landers 95 51 50 17 
Landers 96 50 46 12 

All dates by 200 1 467 447 184 
Northridge Jan 17 1994 

Northridge 207 198 137 
Northridge 102 100 59 
Northridge 100 92 47 
Northridge 74 70 23 
Northridge 57 53 19 

All dates by 2001 587 554 291 
Kobe Jan 17 1995 

Kobe 95 77 56 42 
Kobe96 77 53 38 
Kobe 97 77 64 30 
Kobe 98 43 29 18 
Kobe99 26 12 7 

All dates by 200 1 309 216 137 
NB: In the study, the results for Landers earthquake were calculated from July to June 

of the following year to consider a full publishing year and are shown on Table 2. 

Data for 2001 was taken in July 200 1 
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Table 2. Total number of citations for Landers, Northridge, and Kobe earthquakes by keyword from the 
GeoRef, INSPEC, Magazine Index and Current Contents databases. 

Geo Ref 
Lander 1 Landers2 Landers3 Lander 4 LandersS Northridge1 Northridge2 Northridge3 Northridge4 NorthridgeS Kobe1 Kobe2 Kobel Kobe4 

Conference 41 72 21 25 22 135 67 32 24 14 41 30 31 10 
Journal Soc NA 16 53 17 16 12 12 7 44 15 20 6 5 5 9 
Journal Soc FOR 3 0 0 0 0 2 4 0 1 4 7 10 11 5 
Journal Gov USA 8 4 5 1 4 10 4 7 8 2 1 1 2 3 
Journal Gov FOR 0 0 0 1 2 4 2 0 0 2 4 13 12 5 
Journal Gov State 15 0 3 0 0 10 1 0 0 2 0 0 
Journal Acad lnst 2 1 5 0 5 8 3 4 15 4 0 0 
Journal Acad lnst FOR 0 0 1 0 0 6 2 0 1 0 7 11 10 5 
Journal Commercial 5 4 3 4 5 13 2 2 3 4 4 6 6 6 
GovMono 2 2 0 1 2 4 4 2 3 0 1 1 
Gov Mono FOR 2 0 0 0 0 0 0 5 
Books 2 0 2 0 1 2 0 1 1 1 
Guide Books 6 0 1 0 0 0 0 0 
Thesis 0 3 2 5 3 1 6 8 3 4 1 0 
Misc. 

Total 102 139 60 53 56 207 102 100 74 57 77 77 77 43 

INSPEC 
lander 1 Landers2 Landers3 Lander4 LandersS Northridge1 Northridge2 Northridge3 Northridge4 NorthridgeS Kobe1 Kobe2 Kobel Kobe4 

Conference 1 2 2 0 1 1 1 6 2 3 3 10 9 5 
Journal Soc NA 12 33 14 13 12 6 6 36 15 18 2 4 6 15 
Journal Soc FOR 1 1 3 1 24 7 3 
Journal Gov USA 
Journal Gov FOR 1 
Journal Gov State 
Jour Acad lnst 1 
Jour Acad lnst FOR 1 1 3 
Journal Commercial 4 3 1 3 1 4 2 1 3 1 1 3 4 3 
GovMono 1 1 
State Mono 
Books 
Guide Books 
Thesis 
Misc. 

Total 17 39 17 16 15 11 10 43 20 25 42 28 30 

Magazine Index 
Lander 1 landers2 Landers3 Lander 4 LandefSS NorthridQe1 Northridge2 NorthrldQe3 NorthridQe4 NorthridQeS Kobe1 Kobe2 Kobe3 Kobe4 

Conference 
Journal Soc N.A. 6 4 0 3 1 17 1 • 1 1 11 9 3 1 
Journal Soc FOR 
Journal Gov USA 6 1 1 1 
Journal Gov FOR 3 
Journal Gov State 1 
Journal Commercial 9 4 2 1 1 67 17 13 8 12 43 6 2 1 
GovMono 
State Mono 
Jour Business 35 9 1 1 1 22 7 1 1 
Localci1v 3 2 1 10 4 
Pooular 23 2 2 1 19 3 
Misc. 

Total 15 152 32 22 12 14 108 29 

News a er Index 
Lander 1 Landers2 Landers3 Lander -4 Kobe1 Kobe2 Kobe3 Kobe4 

TOTAL ONLY 9 4 2 1 241 4 2 0 

Current Contents 
Lander 1 Landers2 Landers3 Lander .C Landers5 Northridge1 NorthridQe2 Northridge3 NorthridQe.C NorthridQeS Kobe1 Kobe2 Kobe3 Kobe-4 

Conference 
Journal Soc N.A. 7 32 11 8 4 9 6 30 8 12 • 7 5 9 
Journal Soc FOR 1 2 2 3 
Journal Gov USA 
Journal Gov FOR 10 7 
Journal Gov State 
Journal Commercial 2 2 0 1 1 2 • 8 9 15 13 17 8 12 
GovMono 
State Mono 
Books 
Guide Books 
Thesis 
Misc. 

Total 34 11 11 21 38 17 27 17 33 15 24 
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Figure 1. Rate of publication for five databases used in the study for the Landers, Northridge and Kobe 
earthquakes over a five year period. 
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Figure 2. Publication format for five years for Landers, Northridge and Kobe earthquakes. from Magazine 
Index Database. 
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commercial publications remain the highest 
category for the Northridge and Kobe 
earthquakes with commercial publications in the 
business field accounting for the next highest 
fraction of the citations emphasizing that these 
earthquakes in urban areas greatly affected the 
economy and business recovery. Local 
publications from the Los Angeles area were 
recorded for Northridge but were much lower for 
Japan where they would have been in a foreign 
language and of less interest to an American 
readership. 

GeoRef and INSPEC are both databases which 
serve the scientific community. Four categories 
were created to cover journal publications with 
divisions for those published in the USA and 
foreign countries. The categories were: society, 
government, academic institute and commercial 
journals (predominantly published in Europe). 
Additional categories were for monographs and 
conference proceedings, with theses being an 
added field to cover this literature in GeoRef as 
shown in Figure 3. Except for the Northridge 
earthquake, the journal literature dominates the 
cited records , but clearly reflects the scope and 
resources of GeoRef and INSPEC and the 
interest within the scientific community. 

Figure 3 shows a marked difference between 
GeoRef and IN SPEC. GeoRef, as the premier 
geological database, records the new ideas and 
hot topics presented at conferences. The single 
dominant category for the three earthquakes is 
conference proceedings, 44% (Landers), 51% 
(Northridge), and 41% (Kobe). In contrast, 
INSPEC conference records are: 6% (Landers), 
12% (Northridge), and 12%(Kobe). However the 
journal literature predominates in INSPEC 
reflecting the nature of the database. 

The Landers earthquake was a local event. 
Ninety four percent of the citations in IN SPEC 
are from journals with 80% published by 
societies in the USA. An additional one percent 
comes from foreign geological societies and US 
academic publications. The remaining 12% are 
from commercial publishers. GeoRef is also 
dominated by societies within the USA but 
includes publications from government agencies 
(10%) and academic institutions. These are often 
newsletters or reports in a series where an 
institution, such as the Southern California 
Earthquake Center (SCEC), is established in a 
university but is a center for both academic and 
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United States Geological Survey (USGS) 
researchers. Government agencies also include 
the California Geological Survey which 
contributed to the total for government journals. 

The Northridge earthquake was of interest to 
scientists both in and out of the USA as it 
occurred in a major urban area. Publications by 
US societies dominate the literature for both 
GeoRefand INSPEC (19% and 74%), but 
citations from foreign societies, academic 
institutes and geological societies shows that this 
earthquake generated interest beyond the USA. 
Citations in GeoRef reflect this audience in 
contrast to the Landers earthquake. 

The Kobe earthquake further emphasizes the 
importance of local interest. In both GeoRef and 
IN SPEC the interest in publications from US 
societies is less than from Japanese societies. 
Also GeoRef indicates that a strong government 
publishing program still exists in Japan, and 
produced substantial publications for the 
academic and general public. Another contrast is 
that unlike North America, academic institutions 
in Japan have also remained strong publishing 
centers, publishing almost as many publications 
as were published in the geological society 
publications (11% academic institution 
compared with 12% society). This phenomenon 
is not as well reflected in the INSPEC database 
but the Kobe earthquake is the first time that any 
government publication or journal from an 
academic institution was reported in this 
database. 

The GeoRef database is the most important 
geological database and has the broadest 
coverage of the literature. It is the only database 
which includes theses which are a small but 
significant part of the literature. They constituted 
3% and 4% of the literature written about the 
Landers and Northridge earthquakes. 
Monographs also included field trip guidebooks 
for these earthquakes but there is no 
comprehensive study or single volume produced 
by a state or national government agency on 
these two major earthquakes which affected 
southern California. 

Periodicity of the Geological Literature 

Conferences always provide the forum where 
ideas can first be expounded or debated and are a 
critical part of the invisible college in scientific 
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Figure 3. Publication format for five years for Landers, Northridge and Kobe earthquakes for GeoRef and 
INSPEC Databases. 

NB: 0% indicates that the result Cot- this category is between 0-1%. 
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communication (Price, 1963). An abstract takes 
time to write and must be based on significant 
scientific facts. Unlike a newspaper article, 
which reports the human effects and visible 
damage, the abstract must report scientific data 
of interest to colleagues. Another critical factor is 
that most conferences have at least a two month 
deadline prior to the conference for abstract 
submission. In the scientific publication cycle 
significant major results appear two to three 
years after an event and these trends are evident 
when analyzing the results from this study 
(Figure 4). 

The Landers earthquake occurred in June, and 
within this time frame abstracts could only be 
prepared for the Fall and Spring meetings of the 
American Geological Union (AGU) and regional 
meetings of the Seismological and Geological 
Societies of America. Therefore, it shows a 
significant hiatus in the second year which 
contrasts with the initial high and marked 
decrease as interests wanes as in the Northridge 
earthquake. The continued interest in reporting 
the Landers earthquake process, as it never drops 
below 20 abstracts in the five year period, may 
reflect the continued major aftershocks along the 
Landers trend and in the Big Bear area of 
California which sustained research interests in 
the tectonic and seismic activity in the western 
Mojave Desert. The Northridge earthquake 
shows the classic decay of interest over the five 
year period, but Kobe has a regeneration of 
interest in the third year following the 
International Geophysical Union Meeting which 
was held in 1998. 

Journal articles take time to be refereed and 
published and have a slower publication rate than 
conference abstracts . Also, it is becoming a 
tradition for editors of the Bulletin of the 
Seismological Society of America to publish a 
specialized issue devoted to a comprehensive 
overview of the earthquake two years after the 
event. This is noted by the high peak in 
publication in the second year for the Landers 
earthquake and the peak in the third year for the 
Northridge earthquake. This phenomenon of the 
offset peak is particularly noticeable in the 
IN SPEC database. There was no special issue 
for the Kobe earthquake. 

Printed government publications are decreasing 
in North America and constitute a small 
percentage of the publishing. In the USA they are 
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concentrated in the early cycle of publication. In 
contrast, Japan 's printed government publishing 
still continues. It takes time for these publications 
to be produced and appear in the second and 
third years of the five year publication cycle. 
Academic institutes are also an integral part of 
the of the Japanese publishing world and follow 
this same trend. 

Theses are also a late publication format and 
generally appear at the end of the second year 
publishing cycle, peaking during the third year, 
with Ph.D. theses being completed in the fourth 
and fifth years of the cycle. This pattern is clearly 
seen in the Landers and Northridge earthquakes. 
Only in the Landers earthquake are a hi gh 
number of monographs cited from a field trip 
guide to the Landers area. 

Publishing in Journals 

Scientific results and commentary on the 
earthquakes were published in a wide variety of 
publications with the lowest number being for 
Landers and the highest for Kobe as observed in 
Table 3 (p. 105). But for each of these titles 
many were only cited once with over 60% of the 
titles for Northridge falling into this category. 
Table 4 (p. 106) shows the journals cited over 
ten times for each earthquake for the four 
databases: Current Contents, GeoRef, INSPEC, 
and Magazine Index . 

Significantly, when accounting for the number of 
journals quoted only once in this study for the 
three earthquakes, the results are Landers (45 %), 
Northridge (60%), and Kobe (39%). When 
considering just the journals which are quoted 
over ten times, it is only the Landers earthquake 
which would come close to the rule of 80% of 
the citations are in 20% of the literature as the 
percentage for Landers in this category is 23% 
but for Northridge and Kobe it is 8% and 6% 
respecti vely. 

Appendices I through III provide a complete list 
of all journals cited in this study in the GeoRef, 
INSPEC, Current Contents and Magazine 
Index . A review of this list shows the broad 
interest generated by these earthquakes and the 
cross disciplinary implications of earthquakes in 
the urban environment. Civil and environmental 
journals are cited as well as medical journals and 
this study could be broadened by considering the 
major databases in these fields Engineering 



Index and PubMed. Architectural Record and 
Architecture are also cited in Magazine Index 
although never ranking high enough to be in the 
top ten journals. It is this diversification in the 
two urban earthquakes which probably accounts 
for the fact that the only earthquake where the 
80/20 rule that 80% of the literature is covered in 
20% of the titles applies. 

These results show the importance of conference 
proceedings as Eos Transactions, publishing the 
abstracts for the AGU Spring and Fall annual 
meetings ranks highest for Landers and Kobe and 
second for Northridge. The Bulletin of the 
Seismological Society of America is cross 
referenced in all databases and usually publishes 
one issue devoted to a major earthquake. It ranks 
lower for Kobe as a special issue focusing on this 
earthquake was not produced. Kobe is the only 
earthquake where an economic journal and one 
focused on a narrow regional topic rank in the 
publications cited over ten times. 

The U.S. Geological Survey's (USGS) Open 
File series ranks high for both the Landers and 
Northridge earthquakes but these are brief, quick 
reports which contrast markedly with the long 
definitive reports which were produced for the 
San Fernando Valley earthquake which occurred 
in the same region as Northridge in 1972. 
Although no Japanese government publications 
were cited over ten times they are cited more 
than once and constitute a major source for 
definitive, well produced, detailed descriptions 
of the impact of the Kobe earthquake. 

Hector Mine Earthquake 

This earthquake occurred on October 16, 1999; 
and at a time when the World Wide Web 
(WWW) had opened up a new arena for 
publication. Within the USA local , state and 
national government agencies, there is a new 
mandate to make information available as widely 
as possible to the public. These changes are also 
being made with the intent to provide faster 
delivery to customers by eliminating publishing 
and mai ling delays . The epicenter was on the 
remote Twentynine Palms Marine Base far from 
any large town and on the Lavic Lake fault which 
was considered to be inactive (Hotz et al, 1999). 
Only one reference is found in the Newspaper 
Index written by Marcum ( 1999) but its 
description of scientists rushing there before the 
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desert winds blow away the evidence gives it the 
sense of a transient interest fading into history as 
a big shaking that took no life and caused little 
damage. By October 2001 only fifteen references 
existed in GeoRef but a search on the Google 
search engine revealed over 2400 sites. This was 
refined using quotations and a directory search to 
a fluctuating number between 811 and 900 sites. 

An earthquake affects many segments of society 
and the new mandate has generated scores of 
web sites by government agencies. (As this was 
located on a marine base, even the US Marine 
Corps included the photographs of the fault 
rupture on their web site along with disaster 
information, reports, and raw and processed data 
from government agencies such as FEMA, 
NOAA, NASA, and the USGS). On the local 
level there are sites by the California Division of 
Mines and Geology, Caltrans and regional 
hospitals. Web sites can be categorized by using 
endings such as ".gov," " .edu" and ".org" and 
this technique was used to determine the 
resources and information available (Figure 5). 
Also institutions and government agencies can 
also be added to define a search and give an 
approximate estimate of the resources any one 
agency is linking to or responsible for. Under 
government agencies, the USGS ranks highest 
serving as a major informational resource and 
linked to by many other agencies. Local services 
also promptly put up web sites including 
medical, hospitals, libraries and museums. 
Universities are involved because Cal tech and 
the University of Southern California are both 
actively engaged in research with the USGS and 
the California Division of Mines and Geology. 
Often universities have student web pages or 
reprints of papers presented at meetings or in 
preparation which can be reviewed and 
downloaded. The major societies also have web 
si tes where it is possible to search for abstracts 
previously published only in paper on the 
WWW. There might only be one Newspaper 
reference in News but local papers promptly 
distributed their press releases which are still 
available for reading three years after the event. 
Speed in the web environment is essential and 
within three days the USGS had provided data 
for the National Park Service to display a 
seismogram record (USNPS 1999). Caltech is 
well known for its earthquake newscasts but 
within a few hours the server at Caltech had been 
overwhelmed by users seeking information 
(Schwarz, 1999). 
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Figure 5. A representative sample of resources with web sites on the Hector Mine earthquake. 

92 



Datasets such as the National Strong Motion 
Program, satellite GPS data, and seismic array 
instruments provide comprehensive data which is 
available almost instantly for ftp and 
downloading. This has added a new dimension to 
manipulating data which was not previously 
available. Elizabeth Colburn, a graduate student 
at UCLA, doing a doctorate on the Hector Mine 
earthquake relies on the original data at the 
Portable Broadband Instrument Center which 
was displaying an interactive dynamic site within 
sixteen days of the earthquake (E. Colburn, 
personal communication). As it becomes more 
expensive to publish and researchers need to 
manipulate the digital datasets, providing 
electronic access has further reduced the rate of 
publication and created a new environment for 
interactive publishing. 

A twenty-five percent sample of the web sites 
also revealed that the greatest number of web 
sites were created within the first three months 
(Figure 6), and many from this initial period have 
not been updated. This means that there is also 
an element of "user beware" if looking for 
current information and should evaluate the links, 
quality of the product, and the authority of the 
creator. Never has the phrase "buyer beware" 
been more appropriate. 

CONCLUSIONS 

This study emphasizes the edict that to obtain 
satisfactory results the scope, contents, and 
format of a database should be clearly 
understood for a comprehensive search on any 
topic. The advent of the Web has further added 
to the confusion, and researchers should become 
aware of how to look for information using 
simple additions to their search such as 
"government" to obtain focused results. The user 
should also carefully read descriptions and 
become aware of metadata elements to 
successfully navigate and evaluate their results. 

In recording a natural disaster such as an 
earthquake, the media certainly goes into a 
frenzy immediately after a major event in an 
urban environment. Earthquakes in the desert, 
remote sites, and foreign locations are quickly 
forgotten . Reporters put their energy into 
headlines, but geologists direct energy once the 
initial results are obtained into meeting abstracts 
and presentations. Conferences continue to 
provide a major venue for this to happen 
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especially as studies become interdisciplinary as 
earth systems science develops into a 
comprehensive study. 

The energy of US agencies has gone into 
producing web sites making data rapidly 
available, but this has markedly reduced 
publications. Gone are the comprehensive 
volumes like those on the San Fernando Valley 
earthquake which have continued to be a 
valuable resource even though that event 
happened in 1972. Now Seismic Hazard maps 
are available on the Web, but they require large 
computers and considerable GIS expertise to 
download complex maps and datasets which are 
defined by latitude and longitude coordinates and 
metadata. The Kobe earthquake occurring only 
one year after the Northridge earthquake 
provides an interesting case study. In contrast, 
the Geological Survey of Japan and the 
Academic Institutes have continued to publish 
lengthy documentary reports and still appear to 
be maintaining their printed publications. 

It takes time for a comprehensive paper to be 
written and the delay is often two years in major 
journals such the Journal of Geophysical 
Research. An important facet of society 
publishing is the comprehensive, focused 
publications of the Seismological Society of 
America, The creation of a special issue of the 
Bulletin of the Seismological Society of 
America (BSSA) two years after a major 
earthquake serves as an important deadline and 
source for a comprehensive understanding of an 
earthquake and its effects. 

Kobe was a major urban disaster with 
devastating effects (Somerville, 1995) but this 
study shows that databases and news interests are 
dominated by the North American reader and 
researcher. Events in remote desert communities 
are quickly forgotten and only if there are 
continued earthquakes and opportunities to easily 
gain access to an area will scientific interest be 
maintained. 

This study shows that after a major earthquake 
web sites are rapidly created and do remain 
available for at least four years. Cross linking 
through government agencies such as the USGS 
does indicate that sites have changed verifying 
the conclusions of Koehler (2002) that the useful 
half life of a web page is two - three years . 
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Figure 6. Creation rate of web sites for the Hector Mine earthquake from October 1999 to October 200 I. 
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The World Wide Web has added another 
dimension to the publication cycle and another 
challenge for a librarian. Now patrons must be 
questioned for the sort of data they need, 
unprocessed or modified by a modeling program 
or a printed publication. It also stresses that in 
the future, the role of the invisible college will 
not disappear as web sites become more complex 
and the older literature becomes buried beneath 
the data of more recent events which have 
become the current topics for discussion at 
meetings and conferences around the world. 
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Appendix I. Titles Cited in stud)' of Landers Earthq_uake from GeoRef(Gr1 INSPEC (In , Current Contents (Cc) and Magazine Index (Mg . 
Title Or Or Or Or Or In In In In In Cc Cc Cc Cc Cc Mg Mg Mg Mg Mg 

I 2 3 4 5 I 2 3 4 5 I 2 3 4 5 l 2 3 4 5 
Eos Transactions 21 44 18 14 12 
California Geology 6 0 
Earthquakes & Volcanoes 5 0 
Newsletter Earthquake Engineering Research Institute 2 0 
Bull New Zea!WJ National Society EarthQuake Engineering l 
Jishin Gakkai Nyusu Reta 2 
Geophysical Research Letters 6 3 2 2 I 6 3 2 I 2 5 2 l I l 
Science 6 2 I I I 4 l 2 3 2 l l 4 l 2 
N81Ure 3 2 3 l 3 3 I 2 2 I 4 3 I I 
Terra AbstrniS I I 
Pure & AjJQiied Geophysics I I 
Seismological Research Letters 12 14 5 I 
Abstracts with Programs (GSA) 4 15 9 4 2 
Quarterly San Bernardino County Museum 8 I I 
U .. S. Geological Survey ()pen File Report 4 4 3 I 5 
U.S. Geological SurveyYear Book I 
AEGNews I 
Bull Seismological Society America I 41 5 4 3 I 26 I 3 I 25 2 2 I 
EarthQuake Spec~ra I I 
Geology I I I I I I I I I I 
AA.PG Abstracts I 
Journal of Geophysical Research 3 9 5 6 3 8 6 3 3 8 3 I 
New Scientist I I 
AA.PG Ex_l)!orer I 
GSA Today I 
Annali di Geofisica 4 
Report Earthquake Engineering Research Center I 
Doklady RussiWJ Academy Sciences I 
Advances in Space Research I 
International Union Geodesy & Geophysics 6 
Tectooophysics I 
Geomorphology I 
Physics of the Earth & Planetary Interiors 2 2 I 
Sedimentary Geology 1 
Geophysical Journal International 2 I 
SCEC Annual Report 4 
IEEE TrWJS. Geoscience & Remote Sensing I 
Radio Science Bulletin I 
ArneriCWI Scientist I 
Science News 5 
Geotirnes I 
Physics Today I 
Discover I 
Earth I 



Appendix II. Titles Cited in study of Northridge Earthquake from GeoRef Gr), INSPEC (In), Current Contents (Cc), and Magazine Index (Mg . 
Jownal or Magazine Title Gr Gr Gr Gr Gr In ln In In In Cc Cc Cc Cc Cc Mg Mg Mg Mg Mg 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 I 2 3 4 5 
Seismological Research Letters 65 10 8 
Eos Transactions 60 31 25 12 1 
Science 5 1 2 I 2 7 I 
Nature 3 I I 1 I 3 I 2 
GeolQgy . I I 
Geophysical Research Letters I 4 2 4 2 5 4 I 4 2 3 I I 2 
Bull Seismological Society America I 33 5 9 30 5 II I 23 I 8 
Canadian J Civil Engineering 1 10 
U.S. Geological Survey ()pen File Report 9 5 8 7 3 
Abstracts ofProgrnm (GSA) 5 3 2 I 4 
Bull. Geological Society America I 
California Geology I I 2 
Earth I 
New Zealand National Society Eangineers I 4 
Annali de Geofisica I 
Engineering Science I 
Fault Line Forum I 
EarthQuake & Volcanoes 5 
Acta Geophysica Sinica I 
Daigaku Jinsin I 
Mineralogical Record I 
NCEER Bulletin 1 2 
Bull. Association Engineering Geologists 1 
Science News 1 
Geotechnical News 1 
AAPG Explorer I 
ChitshitsuNews I 
Jishin Yochi Renakukukai Kaiho 1 
Jownal Geological Education 1 
Terra Abstracts 1 
Engineerin_g& Science I 
International Union & Geodesy & Geophysics 20 
Kyoto Daigaku Bosai Kenkyujo Nenpo Disaster Bulletin I 
Am Assoc Engineering Geologists Special Publication I 
Abstracts with Prol1.lams Canadian Geological Socie_ty I 
Earthquake Spectm. I I 1 
Pure & Applied Geophysics 1 
SEG Technical Papers & Abstracts 1 
Assoc Engjn Geologists Mtg Abstracts 1 
Environmental Engineering & Geosciences I 
National Geographic I 3 
JGR J. Geophysical Research B I 2 5 2 1 2 8 3 I 2 3 2 
Proc Counil Western Seismic States 2 
J. Geotechnical Engineering 1 3 
AEG News 1 
Earthquake Engineering & Structural Dynamics 1 2 
J. Geotechnical & Environmental Engineering 1 2 4 1 I 



\.0 
00 

Jownal or Magazine Title 

ISR Interdisciplinary Science Review.; 
SCEC Quarterly New.;letter 
SCEC Annual Report 
Engineering Geology 
J of Seismology 
Risk Analysis 
U.S. Geological Swvev Circular 
U.S. Geological Swvey Professional Paper 
AAPG Bulletin 
Annales Geophysicac 
Physics of the Earth Planetary & Interiors 
Tectonophysics 
Geophysical J. International 
Computers in Physics 
Nuclear Engineering & Desi~ 
IEEE Computer Graphics & Desi~ 
Electrical Consuuction & Design 
Noise & Vibration Worldwide 
Computers & Structures 
Proceedings Japan Academy Sciences B 
Analyzer 
C!EEE Computer Applications in Po~r 
Proceedings SPlE 
Electronic J. lnfonnation & Technology in Consuuction 
Methods in All!llied Mechanics & Engineerilll! 
Welding Jownal 
Archives of Dermatology 
JAMA- J. American Medical Association 
Civil Engineering 
Structunll Design ofTall Buildings 
Earthquake Engineering & Structunll Dynamics 
Architectural Record 
Military Medicine 
ASCE J. Geotechnical Engineering 
Soil Dynamics & Earthquake Engineering 
Amer. J. Cardiology 
Biocvcle 
J. Programatics 
J. Amer. SocietyCardiology 
J. Geotechnical & Geoenvironmental Engineering 
Shock & Vibration 
Behavioural Medicine 
Discourse & Society 
International J. Epidemiology 
Engineering Structures 
Amer. J. Emergency Medicine 
Sociological Spectnnn 
Disasters 
Advertizing Age 

Gr Gr Gr Gr Gr In In In 
I 2 3 4 s I 2 3 

I 
2 

10 
I 
I 
I 
I 

I 
2 
I 
I 
I 
3 

I 
I 
I 
I 
I 

I 
I 

In In Cc Cc Cc Cc Cc Mg Mg Mg Mg Mg 
4 5 I 2 3 4 5 I 2 3 4 s 
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3 
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I 
I 

I 
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I 
I 

I 
I 
I I 2 I I 
I I 7 5 2 I 

I 4 

I I I 
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I 
3 I 
I 4 3 
I 
I 

I 
l 
2 I 

I 
I 
I 
1 
I 
1 
I 
I 

s 

2 



1.0 
1.0 

Journal or Magazine Title 

American Ci~ & Council 
Amer. J. Nursing 
Aviation Week & Space Technology 
American Scientist 
Architecture 
Architectural Record 
Brand~k 

Broadcasting & Cable 
Business Week 
Commonweal 
CQResearcher 
California Journal 
Chemical & Engineering News 
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News Photogmpher 
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Appendix ill. Titles Cited in study of Kobe Earthquake from GeoRef(Gr), INSPEC(ln), Current Contents Cc) and Magazine Index (Mg). 
Title Gr Gr Gr Gr Gr In In ln ln In Cc Cc Cc Cc Cc Mg Mg Mg Mg Mg 

I 2 3 4 5 I 2 3 4 5 I 2 3 4 5 I 2 3 4 5 
Bull New Zealand Soc EarthQuake En!tineeering I 3 
Chishitsu News 3 2 I 
Butsuri-Tansa Geophysical Exploration I I 
Indian Soc Earthquake Technology I 
J81lflll. Soc Soil mechanics & Foundation Engineering I 
Disaster Prevention Research Institute Newsletter 6 I 
Earthquake Engineering Research Center Report (UCB) 4 
National Geographic I I 
lnternationmal Union Geodesy & Geophysics 10 
Niil!llla Daip,aku Sekisetu Sai~~Jli Kenkyu Senta Kenkyu I 
Proc Japan Academy Series B I I I 
Landslide News I 
Naturwissenschaftliche Rundschau I 
Seismological Research Lette~ 2 I 12 I I I 
Eos Transactions 29 16 II I 
GSA Today I 
Bull Hot Springs Research Institute 1 
Arizona Geology 1 
J Geodestic Soci_ety ~ 1 
Science 4 2 2 I 4 2 7 4 
Nature 4 1 2 7 I 
International Geological Congress Proceedings 7 1 
Bulletin Geological Survey Japan 10 I 1 
Inter Instil Seismology & Earthquake Engineering 2 3 
J Natural Disaster Science 1 1 
Canadian J Civil Engineering 2 7 
Jishin Gakkai (Seismological Soc Japan) 4 5 1 
Jishin Yochi Reruakuk Kaiho (~ Corntnittee EarthQuake Prediction 4 
AbstniCIS with Programs GSA 2 
J Geotechnical Engineering 1 
Chiri1111ku Hyoron Geommhical Review Japan) 5 1 
U.S. Geological Survey Yearbook 1 
Earthquake Engineering & Structullll Dynamics I 2 2 2 1 1 
Earthquake Engineering 3 
Geophysical Research Letters 2 1 3 1 I 2 2 3 I 2 I 3 I 
Interdisciplinary Science Reviews I 
Bull Seismological Society America I 2 5 I I 2 6 2 I 2 2 
Dizhen Yanjiu (J Seismologicallnst Research YWlil811l) I 
European Space A~ Special Publication 2 
Dobuku Kenkyujo (J. Research Public Works Institute) 7 
J Radioanalytical & Nuclear Chernis!Iy I 
Advances in Space Research I I I 
Bull Earthquake Research lnst Tokyo 3 
J Geodectic Soc Japan Sokuchi Gakkaishi I 
Episodes I 
U.S.Geologucal Survey Open File Report 2 I I 
Chikei!!llku Rengo Trans Japan Geomorphological Union 5 I 3 
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Title 

Jo1Dll8! of Geodynamics 
Shashin Sokwyo J Japan Soc Remote Sensing 
rh;lnnoboalm Geochemistry Tokyo) 
J Waternay. Port Coastal & Ocean Engineering 
Soils & F OWldations Tokyo 
Jo1Dll8! ofPhysics of the Earth 
Quarterly J SeismoiQI!Y 
Geo_!Xtysical Journal International 
Earth, Planets. & Space 
TAO (Diqiu Kexue Jikan) 
J Otina University of Geosciences 
Annales Geopbysicae 
Geotechnical Engineering Bulletin Bangkok 
Humans & Nature (Hito to Shizen) 
NIST Special Publication 
Acta SeismolORica Sinica 
Geological Society London Special Publication 
Bull Geogmphical Swvey Institute Ibaraki-Ken 
Water Supply 
Chemical GeoiOI!Y 
Journal Geophysical Research 
Proc Istirution Civil Engineers 
Physics Earth Planel81y & Interiors 
TectOilO!ilysics 
Annali di Geophysica 
Daiyonki-Kenkyu - Quale!ll81)1 Research 
!Hydrology 
Pure & Applied Geophysics 
Chinese Sciences Bulletins 
J Japan Assoc Hydrological Sciences 
Mitsubishi Electric 
Jo1Dll8! de Pysique 
Trans Inst. Electrical Erlgii!eers Japan PI C 
J Communications Research Laboratory 
Natural Hazards 
Geophysical Journal International 
Memoirs Colle~~C Engineering Chubu Univ 
Japanese Joumal Applied Physics 
J. cs 
IEEE Trans Power Delivery 
Health Physics 
Electrical Engineering in Japan 
Nuclear Instnunents & Methods in Physics Research 
J Information Technology in Construction 
Reliability Engineering & System Safety 
Structural Engineering & Mechanics 
Jo1Dll8! of Applied Physics 
Jo1Dll8! l nfonnation Processing & Management 
Smart Materials & Structures 
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Hitachi Zosen Technical Review 
Trans Inst. Electronics Infonnation & Cornm Engineers 
JRCReview 
Trans ASME J. Pressure Vessel Technology 
Architecture d'auiourd hui 
SJl60e & Society 
J Small Animal Practise 
Architecture & Urbanism 
Current Science 
Connaissance des Arts 
Architecture 
Art in America 
Applied Organometallic Chetnisny 
Nephron 
British Medical Journal 
Engineering Geology 
Archetectural Review 
Spinal Cord 
Hwnan Reproduction 
Solid State Technology 
Structural Design of Tall Buildings 
J. Radioanalytical & Nuclear Chetnisny 
PsYCholOitia 
Lotus International 
Annals Emergency Medicine 
Renal Failure 
IEEE Trans. Power Delivery 
I_apenese J. WJ!aroology 
Oinica Chemica Acta 
Archives Internal Medicine 
British J. Clinical Psychiany 
Engi_neeringStructures 
Medicina Clinica 
Oinical Neprology 
Archives General Psychiany 
Journal ofFutures Mlukets 
Nieman Reports 
Science News 
Reader' s Di!!CSt 
Telecommunications Policy 
Japan Echo 
Public Roads 
Whole Earth Review 
Geotimes 

_Mlulagement Review 
New Scientist 
Architectural Record 
international Economist 
Far Eastern Economic Review 
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ENRNews 
US News & World RellOrt 
Forbes 
Moscow News 
Beijing Review 
Civil Engineering 
Scientific American 
Public Relations Qwuterly 
Business Week 
Nation 
Facts on File 
Wood Teclmology 
Chemical & Engineering News 
Electronics 
Time 
Advertisill&_A&e 
Automotive News 
Macleans 
Newsweek 
PC Week 
Lancet 
Electronic Engineering New.~ 
Electronic News 
Info World 
Geographical Ma81Wne .. 
Mac Week 
Architectural Review 
Sciences 
Fortune 
Rolling Stone 
American Scientist 
Granta 
THE Jownal 
Popular Science 
Editor & Publisher 
JAMA 
AsianSwvey 
Japan Qwuterly 
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J Structural Engineering 
New Statesman 
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Gazette 
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Table 3. Total number of journal titles for each earthquake and number of journals cited once. 

A. Landers earthquake 
Total number of journals 44 
Number of journals cited once 20 

B. Northridge earthquake 
Total number of journals 167 
Number of journals cited once 101 

C. Kobe earthquake 
Total number of journals 191 
Number of journals cited once 75 
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Table 4. Journals cited over ten times for the Landers, Northridge and Kobe earthquakes. 
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A. Landers earthquake 
117 Bulletin Seismological Society of America 
109 Eos Transactions 
58 Journal of Geophysical Research 
34 Abstracts with Programs (GSA) 
32 Science 
32 Seismological Research Leuers 
30 Nature 
17 USGS Open File Report 
10 Geology 
10 Quarterly Journal San Bernardino Co. Museum 

B. Northridge earthquake 
129 Eos Transactions 
127 Bulletin Seismological Society of America 
83 Seismological Research Leuers 
47 ENR 
36 Geophysical Research Letters 
32 USGS Open File Report 
20 International Union Geodesy & Geophysics 
19 Science 
17 Ci vii Engineering 
I 5 Abstracts with Programs (GSA) 
13 Nature 
II Canadian Journal of Civil Engineering 
I 0 Journal of Performance Constructed Materials 
10 SCEC Annual Report 

C. Kobe earthquake 
57 Eos Transactions 
43 Journal of the Physics of the Earth 
26 Science 
25 Bulletin of the Seismological Society of America 
23 Geophysical Research Letters 
18 Seismological Research Leuers 
17 Nature 
13 Japan Echo 
12 Bulletin of the Geological Survey of Japan 
II Far Eastern Economic Review 
10 International Union of Geodesy & Geophysics 
10 Jishin Gakkai - Seismological Society of Japan 

NB : ltalisized letters indicates the journal is predominently conference abstracts 
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Abstract-- The mission of the U.S. Geological Survey (USGS) has included providing the nation with 
reliable, impartial information to describe and understand the earth (National Research Council, 2001p. 15). 
This has been accomplished, at least in part, by producing publications, including: Bulletins, Professional 
Papers , various map series, Water Resources Investigations, and Open-file Reports. Many of these 
publications, both those currently being released, as well as some of which have been long out of print, are 
now being made available more quickly and widely via the many USGS web servers. Organized subject 
access to these publications is still provided by several of the traditional indexing sources , including: 
GeoRef, the National Geological Map Database, the USGS Publications Database, and the New 
Publications of the U.S. Geological Survey , as well as via Government Printing Office [GPO] records. 
Many local universities or agencies load these GPO records into the local library catalogs. This study 
examined coverage in the sources of both currently released publications and previously published titles, 
which have recently been made available in electronic form; findings indicate that coverage in neither 
electronic nor print versions of USGS publications is presently comprehensive in the above mentioned 
tools. Thus researchers may need to search a variety of sources to be sure of retrieving the most 
appropriate information for their needs. As the USGS moves to consolidate and standardize its web 
presence, it is expected that title coverage and subject indexing will become more consistently available. 

INTRODUCTION 

United States Geological Survey (USGS) 
publications have formed the core of earth 
sciences literature in the United States for more 
than a century. For many libraries, these 
materials have been coming freely and 
automatically as a part of the federal government 
depository program. Theoretically, as a part of 
the federal publications program, all USGS 
publications must pass through the Government 
Printing Office (GPO) and thereby be funneled 
into the depository program; these items are 
cataloged by the GPO cataloging unit, before 
being sent to libraries. Since the 1980s, these 
catalog records have been available to be loaded 
automatically via Marcive tape into Stanford's 
catalog and that of many other libraries' 
catalogs. However, with the advent of the web 
and the subsequent mandate to federal agencies 
to move with due diligence to providing as much 
government information as possible 
electronically, the processes by which documents 
move through the USGS and GPO "publication" 
process are changing. Thus it seemed worth 
examining the Marcive records in Stanford's 
catalog to see what effect, if any, these changed 
processes have had on access to these materials . 

Of particular concern was the question as to 
whether URLs for documents digitized after 
publication were part of the USGS to GPO to 
Marcive tape process. 

At the Geological Society of America annual 
meeting in the Fall of 2000, I happened to talk 
with four USGS geologists, each of whom 
excitedly asked if I had seen his and/or his 
project's website and the publications listed 
thereon. I was curious to see how connected 
these and other USGS sites were to the main 
USGS publications pages and publications 
process, as well as what publications, if any, 
were on these sites. 

Thus there were two goals outlined when this 
study was begun early in 2001: 

• Find out if URLs for USGS 
publications are moving automatically, 
via Marcive tape load, into Stanford's 
catalog. 

• Check out content of USGS sites, other 
than the USGS publications list site, for 
USGS publications that might or might 
not be unique to those sites, rather than 
listed on the main publications page. If 
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they were not listed on the main USGS 
publications site, were they still getting 
cataloged and indexed by Marcive 
records? 

INITIAL STEPS 

Stanford started purchasing the Marcive tapes for 
loading into the library system in the late 1980's, 
but purchased the catalog records for 
publications published as far back as 1977. Thus 
Stanford's catalog should contain records for all 
USGS "book" publications published from 1977 
to present. In fact, having already found that 
some of the publications (mostly Open-file 
Reports) had been missed by this process, we 
had already gone through all of the USGS 
publications that Stanford has received, both via 
depository and by separate order, and cataloged 
any not included in the GPO listings. Therefore, 
standard series publications found on the USGS 
websites should appear (with or without a URL) 
in Stanford 's catalog, if they have gone through 
the publications office. 

A student assistant was assigned to survey the 
listing of full-text online USGS books, reports, 
and pamphlets on the USGS publications page 
(fig. 1 
http://pubs.usgs.gov/productslbooks/index.html) 
comparing each entry against Stanford 's catalog, 
checking that the URL for the full-text version 
was included in the catalog record for the paper 
or rnicrotext version. This site and its linked 
pages is hereinafter referred to as the "main 
publications page." It was not surprising to find 
that some items appeared in the catalog without a 
URL for the full-text version, but it was 
shocking to find that some titles were included 
on the listing of full-text items, for which we did 
not have either a Marcive or other catalog record. 
When we started counting these, the initial result 
was found to be a significant number. Thus it 
was decided to do a systematic survey of the all 
of the USGS publications pages, tabulating three 
categories of bibliographic records: 
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• items which had a record in the catalog, 
which included a currently useable 
URL; 

• items which had a bibliographic record 
in the catalog, but that record didn't 
include a URL; 

• full-text online USGS publications for 
which there was no bibliographic record 
in Stanford's catalog. 

For the purposes of this paper, only six of the 
USGS series publications were tabulated: 
Bulletins (B), Circulars (C), Professional 
Papers (PP), Water Supply Papers (W), Open
File Reports (OFR), and Water Resources 
Investigations (WRIR). 

METHODOLOGY 

Each title on the "main" USGS publications 
pages was checked against Stanford's catalog for 
a URL. Only links to complete full-text online 
documents were counted. 

Publications not in the catalog and URLs that 
weren' t in the catalog records were tabulated. 
Publications needing cataloging and URLs to be 
added to records were to be turned in to the 
catalog department. 

For the purposes of this study, a decision was 
made not to include data on the 2001-numbered 
Open-file Reports and Water Resources 
Investigations Reports in the tabulations, as 
these newer publications may still be funneling 
through the publications process. The OFRs and 
WRIRs currently make up the bulk of the full
text online publications from USGS. 

This process began in earnest in the Spring, the 
counting and tabulating taking place from early 
April to early July. Each document on the main 
USGS publications page was included in the 
study. In the Fall of 2001, when tabulation of 
publications on the other USGS pages was 
begun, it was realized that there may have been 
significant changes on the main publications 
page, and thus it was first necessary to recheck 
everything again on the main USGS page in 
September and October. 
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Fig.l. USGS Publications Page: https://pubs.usgs.gov/products/books/index.html 

Year URL NOURL NO MARCIVE 
pre1980 1 0 2 

1982 2 1 0 
1984 1 1 0 
1985 1 1 0 
1987 0 0 2 
1988 0 0 1 
1989 1 2 0 
1990 2 0 2 
1991 1 1 1 
1992 5 8 6 
1993 11 20 2 
1994 2 13 17 
1995 14 26 44 
1996 33 7 18 
1997 56 32 29 
1998 54 22 51 
1999 55 27 113 
2000 29 6 154 
Total 268 167 442 

%of Total 31% 19% 50% 

Fig. 2. Number of USGS Open File Reports Per Year 
Listed on Main USGS Publications Page as They Appear 
in Stanford's Catalog. 
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RESULTS FOR "MAIN" USGS 
PUBLICATIONS 

The open-file reports found on the "main" USGS 
page were searched in the catalog; the number 
with URLs, those without, and those not found at 
all, were divided into years, based on the report 
numbers, and counted. As can be seen in figure 
2, for many OFR records, even those of earlier 
reports, the MARCIVE records have been 
updated to include URLs, apparently 
automatically, with later Marcive tapes loads; 
only 19% of the library catalog records for the 
OFRs listed on the Main Publications page did 
not yet contain the URL. It was reassuring to 
find that for the majority of the newer reports 
listed in the catalog, the records do contain the 
URL. 

On the other hand, it was dismaying to find such 
a large number of 1998, 1999, and 2000 open
file reports for which there were no catalog 
records at all (figures 2 and 3). This trend 
appears to have begun about the time that the 
1994 OFRs were wending their way through the 
GPO system. Although our count shows that 
there have always been some reports that have 
been lost in the system and not properly 
reported, apparently now there are many OFRs 
not making their way through the proper process 
and thus to the depository libraries, into the 
catalog of USGS publications. Some of these 
"missing" OFRs were also found to be missing 
from GeoRef and the New Publications of the 
U. S. Geological Survey . This lack is of grave 
concern. 

The number of full-text electronic Bulletins , 
Circulars and Professional Papers found on the 
USGS publications page, but missing from the 
library catalog, is smaller than that of the OFRs 
(fig.4). However, there are even some of these 
"published" titles not making it through the 
system. In the case of the Bulletins, at the time 
of the study, 44% of the full-text Bulletins 
available did not have Marcive records, while 
85% of the full-text Professional Papers already 
had records in the catalog. On the other hand 
only 15% of the records for the Professional 
Papers included the URL. In all series there are 
significant numbers of publications, which have 
not made their way completely through the 
system; it is hoped that the USGS will address 
the breakdown in processes. 
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Surprisingly, only two Water Supply Papers 
were included on the main publications listing, 
out of the 2000 plus Water Supply Papers that 
have been published. A handful of other Water 
Supply Papers , have been prepared digitally and 
can be found on the Division Pages. 

METHODOLOGY USED WITH DIVISION 
OR SERVICE PAGES 

After completing the survey of the main 
publications page, the other USGS web sites on 
the Index of USGS Web Sites (at 
http://www.usgs.gov/network/) were examined 
for full-text online publications (fig. 5). There 
were at that time thirteen main di vision or 
service web pages. All of these sites, including 
all links from these pages, were checked for the 
series publications used in this study: Bulletins, 
Circulars, Professional Papers, Open-File 
Reports and Water Resources Investigation 
Reports. Again, only complete full-text 
publications were tallied. 

Next, the series title and volume numbers of the 
publications found on the service and division 
pages were checked against the list of 
publications included on the "main" USGS page. 
A count of those that appeared both on the main 
page and on one of the division pages was 
counted, plus a record of each item that was 
unique to that division. See figure 6 for a list of 
these division pages and the publications content 
of each. A running list of all publications found 
was kept to avoid double counting. 

RESULTS FROM THE DIVISON OR 
SERVICE PAGES 

The first discovery made when searching the 
division or service pages was that online 
publications were hard to locate on many of the 
sites. Publications on many of these sites are 
found under many terms: "results," "data," 
"reports," "maps," as well as the indicator 
"publications." Many publications are hidden 
under the names or descriptions of research 
projects, with no indication of which link leads 
to an actual document. Online documents were 
rarely unearthed under either a link labeled 
"library" or "bibliography." 
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Fig. 4. "Published" Volumes Listed on the "Main" USGS Publications Page, as Listed in the 
Stanford Catalog. 
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Fig. 5. Index of USGS Subject or Division Web Sites (at http://www.usgs.gov/networ~ 

The second finding from the division pages was 
that it was sometimes very difficult to tell 
exactly what document was found. Items were 
listed without one or more of these important 
identifiers: title, author, series name or volume 
number, or publication date. It sometimes 
wasn't clear whether the whole document was 
included, until the text was compared with the 
paper copy. Information on the linking page 
sometimes gave no indication as to whether a 
document, a short paragraph, or data was to be 
found at the link. The method of listing the 
volume numbers was not consistent across 
pages; on other sites no volume number or series 
name was given in the link or even, occas ionally, 
on the document itself. At least once, the onl y 
way to find the series and volume number was to 
print the pdf of the document and look at the 
header as it appeared on the print. According to 
colleague, Oscar Moreno, a geophysicist, 
researchers often have only the series and 
volume number, not words of the title, when 
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searching for documents, and would greatly 
prefer more regularized listings. Librarians 
looking for information at the request of users 
often have very limited information as to the 
specific document needed also. 

The third discovery was that USGS web site 
links lead to documents in a variety of formats: 
pdf, html, text, raw data, maps, GIS data, etc. At 
least two documents were formatted so that they 
could only be opened on a workstation connected 
to a large format plotter, which could print the 
document; thus effectively blocking many users 
from the information, as many libraries do not 
have access to such plotters. 

Some division pages did not contain links to any 
documents from the series being counted in the 
study. Several of the division pages were rich in 
information on the environment; these included 
the Biological Resources and Environmental 
Information service pages. 



DERKSEN 

USGS Division I Prof. Total Total % 
Subject Pages Bulletins Circulars Paper OFR's WRIR's WSP uniaue Main Pubs Unique 
Biological Resources 0 0 0 0 0 0 0 0 0 

Earthquake Information 0 1 0 21 0 0 22 22 44 

Environmental 
Information 0 0 0 14 3 0 17 40 57 

EROS Data Center 
EDC) 0 0 0 0 0 0 0 0 0 

Hazards Information 0 0 0 3 0 0 3 163 166 
Geologic Information 4 2 6 49 0 0 61 1128 1189 

L.:aboratories I Facilities 0 0 0 12 1 0 13 2 15 

Mapping Information 0 0 0 0 0 0 0 1 1 
Marine Geology 0 0 0 6 0 0 6 136 142 

USGS Customer 
Service & Product Info 0 0 0 0 0 0 0 0 0 

USGS Regional Offices 
& Field Centers 0 0 0 0 0 0 0 0 0 

Volcano Information 10 1 5 9 6 0 31 66 97 

Water Resources 
Information 0 . 29 5 276 370 9 689 317 1006 

TOTAL 14 33 16 390 380 9 842 1875 2717 

Fig. 6. Number of Full Text USGS Publications in Each of Counted Series Unique to the Subject I 
Division Web Pages 
Total Unique= The number of publications from the tabulated series that were linked only to the 
Division/Service page, but were not listed on the main USGS publications page as of Fall 2001. 
Main = The number of publications from the tabulated series that were linked to the Division/Service 
page and were also listed on the Main USGS publications page. 
Total Pubs= The Total number of publications from the tabulated series that were linked to the 
Division/Service page as of Fall 2001. 

See also the Geology, Hazards, and Water 
division pages. The Biological Resources page 
also contained links to many articles, Biological 
Research Division Reports, and conference 
proceedings papers. 

Several of the divi sion pages are rich sources of 
data rather than or in addition to sources of full
text publications. Valuable data sets are likely to 
be found at the following division sites: 
Earthquake Information, EROS Data Center 
(EDC), Water Resources Information, Hazards 
Information, and Volcano Information. 

The Mapping Information division pages link, to 
many valuable Geographic Information System 

data sets, but contain only two publications. 
Strangely, to anyone outside of the USGS, no 
links to full-text geologic maps can be found on 
the Mapping Information page, although many 
maps can be found elsewhere on the USGS sites. 

USGS PUBLICATIONS NOT LISTED ON 
THE MAIN PUBLICATION PAGE 

The second of the original objectives for the 
study was to check out the content of USGS 
sites, other than the main publications site, for 
USGS publications that might or might not be 
unique to those sites, rather than listed on the 
main publications page. At the time of the study, 
it was found that 2717 full-text documents were 
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to be found on the division pages. Of these, 842 
or 31% were not found on the main USGS 
publications page. Therefore if one checked 
only the main pages for publications, almost a 
third of the documents fully available 
electronically would be missed (fig. 7). 

The subject division with the largest number of 
full-text electronic publications was the Geologic 
Information with 1189 documents or 44% of the 
total number of full-text documents listed on the 
division pages. Most (95%) of these documents 
were also listed on the main publications page. 

The Water Resources Information pages 
contained the largest number of uniquely listed 
full-text documents; altogether its pages 
contained links to a total of 1006 documents on 
the many related pages, of which only 37% were 
listed on the main page. These two (Geologic 

USGS Division I 

Information and Water Resources Information) 
have, so far, contributed the bulk (almost 81%) 
of the USGS publications in electronic form. 
The Water pages are somewhat differently set 
up, in that there are a number pages linked to a 
"national" USGS Water Resources Information 
site, as well as at least one information page 
centered on the needs and concerns of each of . 
the fifty states. The information listed (both data 
and publications) on these latter pages appears to 
be designed to meet specific water concerns of 
the local areas . 72% of USGS publications 
(mostly OFRs and WRIRs) listed under Water's 
division pages are to be found on the state water 
pages. The fact that the water pages are linked to 
so many government bodies and serve such a 
diverse group of users may help to account for 
the greater number of publications not being 
listed on the main publications pages. 

%Total %Tot. %Tot. No 
Subject Pages URL NoURL No Marcive Total wiURL NoURL Marcive 

Biological Resources 0 0 0 0 
. 

Earthquake Information 5 10 7 22 22.7% 45.5% 31 .8% 

Environmental 
Information 0 7 10 17 0.0% 41 .2% 58.8% 

EROS Data Center 
EDC) 0 0 0 0 

Hazards Information 0 1 2 3 0.0% 33.3% 66.7% 

Geologic Information 10 28 23 61 16.4% 45.9% 37.7% 

Laboratories I Facilities 0 8 5 13 0.0% 61.5% 38.5% 

Mapping Information 0 1 0 1 0.0% 100.0% 0.0% 

Marine Geology 1 3 2 6 16.7% 50.0% 33.3% 

USGS Customer 
Service & Product Info 0 0 0 0 

USGS Regional Offices 
& Field Centers 0 0 0 0 

Volcano Information 1 14 16 31 3.2% 45.2% 51.6% 

Water Resources 
Information 9 100 84 193 4.7% 51 .8% 43.5% 

Water Resources 
Information By State 35 276 185 496 7.1% 55.6% 37.3% 

TOTAL 61 448 334 843 7.2% 53.1% 39.6% 

Fig. 7. Number of USGS Publications Listed on Division Pages as They Appear in Stanford's 
Catalog. Note the Contents of the State Pages Have Been Analyzed Separately from the National Water 
Pages. 
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The other divisions, which have produced a 
significant number of full-text publications but 
not yet listed them on the main publications site, 
were Earthquake Information (50%), Volcano 
Information (32%), and Environmental 
Information (29.8%). Thus if you or your users 
were looking for information in one of these 
areas and used only the main publications pages, 
you would be missing possibly significant 
sources of information. 

If documents were not listed on the main 
publications site, just on one of the division 
pages, are they still getting cataloged and 
indexed by Marcive records? An examination of 
figure 7 reveals that more than 50% of the full
text publications uniquely linked from three of 
the division pages are apparently not making it 
into the GPO I Marcive I depository library 
stream: Hazards, Environment, and Volcano 
Information. Almost40% of all of the titles held 
only on a division page had not received a 
Marcive record at the time of the study. The 
proportion of items not cataloged even though 
available via the division pages is slightly better 
than the percentage of open-file reports listed on 
the main publications page, for which there is no 
catalog record. (fig. 8). 

DERKSEN 

If an item listed only on a division site is, in fact, 
cataloged and listed in the libraries' catalogs via 
the Marci ve tape load, will the record be updated 
once an item has been made avai lable in full
text? According to the data in the survey, if the 
item is handled via one of the division pages, the 
chances are currently less than half that the URL 
is in the Marcive record (fig.8). Apparently 
there is a process in place for those items on the 
main publications pages to pass information 
about the URL into the Marcive tape load. See 
figure 7 for details. 

Although a title by title comparison between 
inclusion in GeoRef and existence of Marcive 
records was not made, enough evidence was 
uncovered to make the process for including 
USGS publications comprehensively in GeoRef 
also a serious concern. 

lo URL •No URL DNo Marcive I 

Main USGS Main Pages Main Pages 
Pages - OFRs - WRIRs 

Division 
Pages 

Fig. 8. Library Catalog Access to USGS Full Text Publications 
- A Comparison of Main Page Publications and Division Page Publications 
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CONCLUSIONS 

Depository libraries are, and apparently have 
been for some years, missing a significant 
number of mainline USGS publications. The 
problem seems to be compounded by the process 
changes involved in moving publications to the 
web environment; thus the percentage of USGS 
publications missing from library catalogs is 
getting larger. Fortunately bibliographic records 
for items published electronically do contain 
URL information as a standard feature. 
Although many of the catalog records for older 
items are getting updated and now contain URL 
information, this is by no means uniform for 
materials provided across the USGS disciplines. 

Under current USGS publishing and web page 
practices, it may be necessary to check several 
sites when trying to locate a specific document; 
persistence and creativity in the search process 
may be required. Searches of library catalogs, 
GeoRef, or even the New Publications of the U. 
S. Geological Survey do not necessarily retrieve 
all USGS publications. The clear, standard 
listings on the main publications page are much 
to be commended. Unfortunately, web search 
engines, such as Google, do not retrieve all of the 
relevant documents on the USGS pages, due to 

the non-standardized link citations on the 
division pages. 

USGS web sites contain a wealth of data and 
publications. They are valuable sources of earth 
sciences information for researchers and students 
alike. It is well worth the efforts of the USGS 
staff, GPO staff and librarians to provide access 
to this indispensable information. 

Special thanks are due to geophysicist Oscar 
Moreno, who did the bulk of the link and 
document analysis for this project. 
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Appendix I. Recommendations for Increasing Ease of USGS Websites for Researchers and 
Librarians 

* Standardize format for listing volume numbers. Currently, OFR volume numbers can be found 
in any of the following formats: 95-0035, 95-035, 95-35, even 35-95. 

*Include series name and volume number, as well as title, author, and date, on top listing for full-
text publication. 

*Clearly indicate what part of publication is included at site (e.g. abstract, data, full item). 
* All publications should [also] be listed on the USGS "main" publications page. 
* Standardize where publications are listed on sites. 
* Clearly indicate title, author, and date of publication somewhere on the full-text document, as 

well as on the linking page. 
*For papers originally published elsewhere (e.g. an article originally published in Tectonics), 

clearly indicate where the article was originally published or presented as a paper or poster. 
* Indicate sponsoring agency (if not USGS). 
* Rather than building small bibliographies, and developing and maintaining databases, groups 

should concentrate on getting publications to main site and thus to GeoRef. 
* Keep servers and links stable, if possible. 
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Abstract-- Government documents are an important part of an academic research library collection in the 
geosciences. Many libraries expect to receive these materials through the Federal Depository Library 
Program (FDLP). For a number of reasons, however, online publications have so far not been "distributed" 
in a consistent manner via the FDLP. With the advent of online publishing and a lack of "active" 
distribution strategies, it is becoming more difficult to ensure that users will discover federal government 
publications via traditional library tools like the online catalog. 

Given the discovery that hundreds of U.S. Geological Survey (USGS) online publications were 
missing from the collection at the Fletcher L. Byrom Earth and Mineral Sciences Library at the 
Pennsylvania State University, an investigation was undertaken to deterrrune how widespread the problem 
of the "hidden" document really is. In the end, a list of more than 1300 online documents was compiled , 
including over 760 items to be added to our library catalog. 

A subset of this list included 240 items not found in our catalog or on the USGS list of online 
publications. Further investigation was undertaken in order to deterrrune whether or not these 240 
"missing" USGS documents could be located utilizing other library research and collection management 
tools. For example, each item was searched for in GeoRef, several other academic library catalogs, 
World Cat, and the Catalog of U.S. Publications . Results of the investigation indicated that on average at 
least 30% of the hidden documents could not be found in any of the traditional library research tools 
previously mentioned. 

INTRODUCTION 

For a comprehensive treatment of this topic, 
please see "Providing Access to Online 
Government Documents in an Academic 
Research Library Collection: A Case Study in 
the Geosciences," in Science and Technology 
Libraries, volume 20, numbers 2-3. Background 
information about online government documents 
and the Federal Depository Library Program, as 
well as the investigation process and results 
mentioned above are included in this article. 
Presented on the following pages is a listing of 
all of the online USGS publications discovered 
during the course of this research project that are 

currently missing from the USGS list of online 
publications (found at 
http://geology.usgs.gov/books.html). The table 
provided below can also be viewed online at 
http://www.Iibraries.psu.edu/emsVprocdata.ht 
mi. 

Not only does this table serve as a record of 
some of the "fugitive documents" in existence at 
this point in time, but it also may serve as a 
resource for other librarians to utilize when 
examining their collections. In other words, this 
list will allow libraries to deterrrune the extent of 
the problem of the missing document within 
their own collections or catalogs. 
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Table of Online USGS Reports 
Not Listed on the USGS Online Publications Page 

http:/ /geology .usgs.govlbooks.html 

Series Year Report# Web Address 
Circular 1084 http://nsmp.wr.usgs.gov/publications/catalogues.htmi#ONLINE 

CATALOGUES 
Circular 1093 http:/ /nsmp. wr. usgs. go v /publications/ catalogues. htmi#O NLINE 

CATALOGUES 
Circular 1101 http:/ /nsrnp. wr. usgs. go v /pub lications/catalogues.html#O NLINE 

CATALOGUES 
Circular 1112 http://pubs.water.usgs.gov/circ1112 
Circular 1114 http:/ /nsmp. wr. usgs. gov /pub I ica ti ons/ catalogues. h tmi#O NLINE 

CATALOGUES 
Circular 1121 http:/ /nsmp. wr. usgs. gov /publications/ catalogues.htm1#0 NLINE 

CATALOGUES 
Circular 1132 http://pubs . water.usgs.gov/circ 1132 
Circular 1134 http://pubs. water.usgs.gov/circ1134 
Circular 1137 ht!2_:/{£_ubs. water.usgs.gov/circ1 137 
Circular 1173a http://water.usgs.gov/pubs/circ/circ1173/ 
Circular 1173b http://water.usgs.gov/pubs/circ/circ 1173/ 
Circular 1173c http://water.usgs.gov/pubs/circ/circ1173/ 
Circular 1173d http://water.usgs.gov/pubs/circ/circ1173/ 
Circular 1192 http://pubs. water.usgs.gov/circ1192 
Circular 1195 http://water.usgs.gov/pubs/circ/circ 1195/ 
Circular 1197 http:/ /greenwood.cr .usgs.gov/pub/circulars/c 1197 I 
Circular 1200 http://pubs. water.usgs .gov/circ 1200 
Circular 1201 http://pubs. water.usgs.gov/circ 1201 
Circular 1202 http:/{Qubs. water.usgs.gov/circ 1202 
Circular 1203 ht!2_:/ {Q_ubs. water. u~gs._gov/circ 1203 
Circular 1204 http://pubs . water.u~s.gov/circ1204 
Circular 1205 http:/ /pubs . water. usgs.gov/circ 1205 
Circular 1206 http://pubs. water. usgs.gov/circ 1206 
Circular 1207 http://pubs. water.usgs.gov/circ 1207 
Circular 1208 http://pubs. water.usgs.gov/circ 1208 
Circular 1209 http://pubs. water.usgs.gov/circ 1209 
Circular 1210 httg://[Jubs. water.usgs.gov/circ121 0 
Circular 1211 httQ:/{Qubs. water.usg_s.g_ov/circ 1211 
Circular 1212 http://pubs . water.usgs.g_ov/circ 1212 
Circular 1213 http:/ /pubs. water. u~s.g_ov/circ 1213 
Circular 1214 http://pubs . water.usgs .gov/circ 1214 
Circular 1215 http:/ /pubs. water. usgs.gov/circ 1215 
Circular 1216 http)/pubs. water.usgs.gov/circ 1216 
Fact 1997 109 http:/ /energy.er.usgs.gov/products/factsheets/FS 109-97 /index.htm 
Sheet 
OFR 2000 54 http:/ /co. water. u~s .g_ov /Pubs/OFR/ofr00-054 .:E_df 
OFR 2000 64 http:/ {£_a. water. u~s.g_ov/rt!.[l_orts/ofr00-64 .:E_df 
OFR 2000 65 http:/lpubs.water. u~s.g_ov/ofr00-065 

OFR 2000 66 http://az. water. usgs.g_ov/OFR00-66.:E_df 
OFR 2000 69 http:/ /mn. water. usgs.gov/wrd/pubs/OFR00-69. pdf 
OFR 2000 78 http://mn. water.usgs.gov/wrd/pubs/00-78.pdf 



Item# Series 
41 OFR 
42 OFR 
43 OFR 
44 OFR 
45 OFR 
46 OFR 
47 OFR 
48 OFR 
49 OFR 
50 OFR 
51 OFR 
52 OFR 
53 OFR 
54 OFR 
55 OFR 
56 OFR 
57 OFR 
58 OFR 

59 OFR 
60 OFR 
61 OFR 
62 OFR 
63 OFR 
64 OFR 
65 OFR 
66 OFR 
67 OFR 
68 OFR 
69 OFR 
70 OFR 
71 OFR 
72 OFR 
73 OFR 
74 OFR 
75 OFR 
76 OFR 
77 OFR 
78 OFR 
79 OFR 
80 OFR 
81 OFR 
82 OFR 
83 OFR 
84 OFR 
85 OFR 

Table of Online USGS Reports 
Not Listed on the USGS Online Publications Page 

http://geology .usgs.gov/books.html 

Year Report# Web Address 
2000 95 http:/ /me. water. usgs .gov/narr. pdf 
2000 96 http:/ /pubs. water. usgs. gov/ofr00-96/ 
2000 97 http://pubs. water.usgs.gov/ofr00-97 I 
2000 151 http://wwwga.usgs.gov/publications/ofr00-1511 
2000 156 http://pubs. water.usgs.gov/ofr00-156 
2000 158 http:/ /sofia. usgs. gov/publications/ofr/00-15 8/ 
2000 160 http://pubs. water.usgs.gov/ofr00-160/ 
2000 166 http:/ /sofia. usgs.gov/publications/ofr/00-166/ 
2000 171 http://mn.water.usgs.gov/wrd/pubs/00-17l .pdf 
2000 172 http://sofia.usgs.gov/publications/ofr/00-172/ 
2000 173 http://ny.usgs.gov/pubs/of/ofOO 173/0F00-173.pdf 
2000 182 http:/ /ks. water. usgs.gov/Kansas/pubs/reports/ofr .00-182.htrnl 
2000 185 http://pa. water.usgs.gov/reports/ofr00-185 .pdf 
2000 187 http://wwwga.usgs.gov/publications/ofr00-187 .pdf 
2000 199 http://fl .water.usgs.gov/PDF files/ofrOO 199 franklin.pdf 
2000 201 http:/ /pubs. water. usgs. gov/ofr00-20 11 
2000 203 http:/ /md. water. usgs . gov/publications/ofr -00-203/ 
2000 209 http :/ /vulcan. wr. usgs. go v /Pro j ects/Masti n!Pub I icati o ns/OFROO-

209/framework.html 
2000 213 http://pubs. water .usgs.gov/ofr00-213/ 
2000 214 http://co.water.usgs.gov/Pubs/OFR/ofr00-214.pdf 
2000 227 ftp ://bqsnt.cr.usgs.gov/srs/SRSCover.pdf 
2000 232 http://mn.water.usgs.gov/wrd/pubs/00-232.pdf 
2000 233 http ://mn. water. usgs.gov/wrd/pubs/00-233 .pdf 
2000 234 http:/ /mn. water. usgs.gov/wrd/pubs/00-234. pdf 
2000 238 http:/ /pa. water. usgs .gov/reports/ofr00-238. pdf 
2000 247 http:/ /ca. water. usgs .gov/rep/ofr0024 7 I 
2000 255 http://tl. water.usgs.gov/ Abstracts/ofrOO 255 davis .htrnl 
2000 261 http://geology.er.usgs.gov/eesptearn/smoky/smoky.htrnl 
2000 265 http://water.usgs.gov/lookup/getspatial?ofr00-265 .geol 
2000 276 http:/ /pubs. water. usgs.gov/ofr00-27 6/ 
2000 282 http://de.usgs.g_ov/publications/ofr-00-282/ 
2000 300 http://pubs. water. usgs .gov/ofrOO-300/ 
2000 318 http://geopubs. wr.usgs.gov/open-file/of00-318/0F00318 .html 
2000 327 http://sofia. usgs.gov/publ ications/ofr/00-327 I 
2000 343 http:/ I sd. water. usgs. go v Ina wqa!pubs/ ofr/ o frOO. 34 3j>d f 
2000 344 httj) :/ /nd . water. usgs. go v /i ndex/highstreamflowOO. htrnl 
2000 361 http:/ /sofia. usgs. go v /pub! ications/ofr/00-361 I 
2000 364 http:/ /mn. water. usgs.gov/wrd/pubs/00-364. pdf 
2000 380 http ://wwwga. usgs.gov/publications/ofr00-380.pdf 
2000 383 http://pa. water. usgs.gov/reports/ofrOO-383 .pdf 
2000 384 http:/ /sd. water. usgs.gov/nawqalpubs/ofr/ofrOO. 3 84. pdf 
2000 385 http:/ /ks. water. usgs. gov /Kansas/pubs/reports/ofr .00-3 85 .html 
2000 386 http://oregon.usgs.gov/pubs dir/Pdf/00-386.pdf 
2000 387 http://pubs. water. usgs . gov/ofr00-387 I 
2000 391 http://ca.water.usgs.gov/sac nawqalwaterindex.html 
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Item# Series 
86 OFR 
87 OFR 
88 OFR 
89 OFR 
90 OFR 
91 OFR 
92 OFR 
93 OFR 
94 OFR 
95 OFR 
96 OFR 
97 OFR 
98 OFR 
99 OFR 
100 OFR 
101 OFR 
102 OFR 
103 OFR 
104 OFR 
105 OFR 
106 OFR 

107 OFR 
108 OFR 
109 OFR 
110 OFR 
111 OFR 
112 OFR 
113 OFR 
114 OFR 
115 OFR 
116 OFR 
117 OFR 
118 OFR 
119 OFR 
120 OFR 
121 OFR 
122 OFR 
123 OFR 
124 OFR 
125 OFR 
126 OFR 
127 OFR 
128 OFR 
129 OFR 
130 OFR 
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Table of Online USGS Reports 
Not Listed on the USGS Online Publications Page 

http ://geology .usgs.gov lbooks.html 

Year Report# Web Address 
2000 392 http://nj . water. usgs.gov/pub/OFR/00-392/ 
2000 398 ftp ://bqsnt.cr.usgs.gov/srs/SRSOFROO 398.pdf 
2000 400 http://il.water.usg_s.gov/pubs/OFR00-400.pdf 
2000 422 http://ma. water. usgs .g_ov/FHW A/products/ofr00-422. pdf 
2000 426 http://fl . water.usgs.gov/ Abstracts/ofrOO 426 berndt.html 
2000 432 http://ma. water. usgs.gov/FHW A/products/ofr00-432. pdf 
2000 441 http://idaho. usgs.gov /PD F/ofr00441 /index. html 
2000 446 http:/ /md . water. usgs.gov/publications/ofr-00-446/ 
2000 449 http:l/sofia.usgs.gov/publications/ofr/00-449/ 
2000 453 http://az. water. usgs.gov/OFR00-453. pdf 
2000 460 http://greenwood.cr.usgs.gov/energy/OF00-460/ 
2000 461 http ://md. water. usgs. gov /publications/ofr -00-461/ 
2000 468 http://ma. water .usgs.gov/FHW A/chernhelp.htm 
2000 471 http://pubs. water.usgs.gov/ofr0047l .html 
2000 485 http://pubs. water. usgs.gov/ofr00-485/ 
2000 491 http://ma. water.usgs.gov/FHW A/products/ofr00-491 .pdf 
2000 497 http://ma. water.usgs.gov/FHW A/products/ofr00497 .pdf 
2000 554 http:/lgreenwood.cr.usgs.gov/pub/open-file-reports/ofr-00-0554/ 
2001 10 http://ks. water. usgs.gov/Kansas/pubs/reports/ofr.O 1-10.htrnl 
2001 34 http://idaho.usgs.gov/PDF/ofrO 134/index.htmJ 
2001 45 http://vulcan. wr. usgs.gov/Projects/Mastin/Publications/OFRO 1-

45/framework.htrnl 
2001 64 http://hi. water. usgs.gov/pubs/ofrO 1-64/index.htrnl 
2001 65 http://fl . water. usgs.gov/ Abstracts/afrO 1 65 telis.html 
2001 70 http :1/woodshole.er. usgs. gov I epubs/openfi les/ofrO 1-07 0/ 
2001 73 http://pa. water.usgs.gov/reports/ofrO 1-73.pdf 
2001 75 http://hi . water. usgs.gov/pubs/ofrO 1-7 5/index.html 
2001 78 http://pa. water. usgs.gov/reports/ofr 0 1-78.pdf 
2001 79 http://pa. water.usgs.gov/reports/ofr 0 1-79.pdf 
2001 80 http://pa. water.usgs.gov/reports/ofr 0 1-80.pdf 
2001 89 http://water. usgs.gov/pubs/ofr/ofrO 1-089/ 
2001 126 http://greenwood.cr. usg_s.g_ov/energy/OFO 1-126/ 
1970 362 http://wi.water.usgs.gov/pubs/OFR-sandp1ainlindex.html 
1972 292 http:// greenwood .cr. usgs. gov /pub/ open-file-reports/ ofr-72-0092/ 
1978 384 http://www.mms.gov/ommlpacific/offshore/oi1&gaspdfs/78-384.pdf 
1980 1042 http://www .rnms. gov I ommlpaci fie/ offshore/oil&gaspdfs/80-1 04 2. pdf 
1982 37 http://www. mms. go v/ommlpaci fie/offshore/ oi l&gaspd fs/82-3 7. pdf 
1982 777 http://nsmp. wr.usgs.gov/GEOS/NBK82/0FR 82-777 /New Brunswick.html 
1983 559 http://www.mms.gov/ommlpacific/offshore/oil&gaspdfs/83-559.pdf 
1983 875 ftp ://ftp.uovs.ac.za/igs/modflow/doc/modflw88.pdf 
1986 181 http://nsmp. wr.usgs.gov/GEOS/CL V /OFR 86-181/Cleveland.htmJ 
1988 688 http://nsmp.wr.usgs.gov/GEOS/WNE/OFR 88-688/Whittier Narrows.htrnl 
1988 711 http://pubs. water.usgs.gov/ofr88-711 
1988 729 ftp ://ftp.uovs.ac.za/igs/modflow/doc/str 1. pdf 
1989 471 http://aslwww.cr.usgs.gov/Publications/ofr 89-471 .pdf 
1991 115b http://www.giseis.alaska.edullnput/lahr/taurho/volcano/volcano.pdf 
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1991 157 http://de.usgs.g_ov/publications/ofr-91-157 I 
1991 166 http://ny.usgs.gov/projects/hdsnlfctsht/su.html 
1991 375a http://walrus. wr.usgs.gov/reports/ofr91-375/ 
1991 536 ftp ://ftp.uovs.ac.za/igs/modtlow/doc/bcf2.pdf 
1992 50 http://oregon.usgs.gov/projs dir/modtlowarc/modtlowarc.htrnl 
1992 56 http://water.usg_s .gov/osw/pubs/ofr92-56header.htrnl 
1992 117 http://water.usgs .gov/pubs/wrd act/ 
1992 178 http://walrus. wr.usgs.gov/reports/ofr92-178/ 
1992 200 http ://www.aeic .alaska.edu/Input/lahr/taurho/eqeffects/introduction.htrnl 
1992 302 http://orfeus.knmi.nUworking.groups/wg2/publications/usgs/W ARP.pdf 
1992 382 http:/ /walrus. wr. usgs.gov/reports/ofr92-3 82/ 
1992 477 ftp :/ /ftp. uovs.ac.za/igs/modtlow/doc/hfb 1. pdf 
1992 659 ftp://water .usgs.gov/pub/software/ground water/radmod/doc/ofr92659.pdf 
1993 11 http://walrus. wr. usgs.gov/reports/ofr93-1ll 
1993 216 http://nsmp. wr.usgs.gov/GEOS/GARNUGarni OFR 93-216.pdf 
1993 298 http:/ /walrus . wr. usgs. gov/reports/ofr93-298/ 
1993 322 http://aslwww.cr.usgs .gov/Publications/ofr 93-322.pdf 
1993 478 http:/ /pubs. water. usgs.gov/ofr93-4 78/ 
1993 480 http:/ /rna. water. usgs.gov/scour. html 
1993 643 http:/ /pubs. water .usgs.gov/ofr93-643/ 
1994 44 http:/ /ca. water. usgs.gov/pnsp/ guide/ 
1994 61 http:/ /in. water. usgs.gov/newreports/datamgt.pdf 
1994 90 http://ny.usgs.gov/projects/hdsnlfctsht/OFR94-90.htm1 
1994 91 http://toxics.usgs.gov/bib/index.htrnl 
1994 101 http://rnn. water.usgs.gov/wrd/pubs/94 10 1.pdf 
1994 108 http://wa. water.usgs.gov/fs _ps.nawqa.htm1 
1994 348 http:/ /wi. water. usgs.gov/pubs/OFR -94-348/index.htrnl 
1994 351 http://wwwnwql.cr.usgs.gov/Public/pubs/OFR94-35l/OFR 94-351.htrnl 
1994 360 ftp://water.usgs.gov/pub/software/surface water/sac/doc/sacman.pdf 
1994 378 http://tn. water. usgs.gov/pubs/OFR94-3 7 8/index.html 
1994 382 http_://water.usgs.gov/osw/pubs/ofr94-382.pdf 
1994 455 http:/ /ca. water. usgs. gov/pnsp/pest.rep/sw-t. htm1 
1994 458 http:/ I ca. water. usgs. go v/pnsp/pest.rep/bs-t. htrnl 
1994 502 httiJ_://ca. water. usgs.gov/pi .htrnl 
1994 603 http://geochange.er.usgs.gov/pub/PRISM/OFR 94-588/0FR 94-588.htm1 
1995 73 http://vineyard.er.usgs.gov/topomap.htrnl 
1995 163 http:/ I wi . water. usgs. go v /na wq a/pubs/1 iaisonltex t. html 
1995 288 ftp://ftp.uovs.ac.za/igs/modflow/doc/ofr95288 .pdf 
1995 320 http://wi.water.usgs .gov/pubs/OFR-95-320/index.html 
1995 329 http:/ /tn. water. usgs. gov /pubs/OFR9 5-3 2 9/pesticide. h tml 
1995 373 http://oregon.usgs.gov/pubs dir/Pdf/95-373 .pdf 
1995 376 http:/ /pubs . water. usgs._gov/ofr95-3 7 6/ 
1995 414 http://oregon.usgs.gov/pubs dir/Pdf/95-414.pdf 
1995 456 http:/ /sd. water. usgs. gov Ina wq a/pubs/ofr/ ofr95 .45 6/ofr .htrnl 
1995 472 http://water.usgs.gov/wicp/itfm.html 
1995 527 http://walrus. wr. usgs.gov/reports/ofr95-527 I 
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1995 713 http://va. water.usgs .gov/online _pubs/OFR95-713.html 
1995 731 httg://ca. water .usgs.gov/panoche/ 
1995 770 http://fl .water. usgs.gov/ Abstracts/ofr95 770 collins.html 
1995 777 http://pubs. water.usgs .gov/ofr95-777 I 
1995 838 http://walrus .wr. usgs.gov/reports/ofr95-838/ 

1996 11 http://ca. water.usgs.gov/auburnl 
1996 83 http:/ /kai .er. usgs .gov/crpt/1994/chlpn 12/crpt.html 
1996 144 http ://ca. water. usgs.gov/shasta/ 
1996 176 http ://tn. water.usgs.gov/pubs/OFR96-176/tn.html 
1996 199 http://sd. water.usgs.gov/nawqa/pubs/ofr/ofr96 .199/ofr96-199 .html 
1996 217 http://sd . water.usgs.gov/nawqalpubslofr/ofr96.217 /ofr -worlcplan.html 
1996 223 http://www-ne.cr.usgs.gov/Nawqa/pubslofr 96 223/index.html 
1996 315 http://oregon.usgs.gov/pubs dir/Pdf/96-31 S.pdf 
1996 337 http://pubs . water.usgs.gov/ofr96-337 I 
1996 342 http://ms. water.usgs.gov/ms _projlmsea/ars trifold/index.html 
1996 364 ftp://ftp.uovs .ac.za/igslmodflow/doc/ofr96364.pdf 
1996 370 http://ok.water.usgs.gov/public/gis/geology/ardmore.html 
1996 371 http://ok. water. usgs. gov /pub lie/ gis/ geology/beaver. html 
1996 372 http :1/ok. water. usgs. gov /pub lie/ gis/ geology/ cimarron.html 
1996 373 http://ok.water.usgs.gov/public/gis/geology/clinton.html 
1996 374 http :1/ok. water. usgs. gov /pub lie/ gi s/ geology I enid. h tml 
1996 375 http :1/ok. water. usgs. gov /pub I ic/ gis/ geology/ftsmi th . h tml 
1996 376 http :1/ok. water. usgs. gov /publ ic/ gis/ geology /Ia wton. html 
1996 377 http :1/ok. water. usgs. gov /pub I ic/ gis/ geology/mcales tr. h tml 
1996 378 http://ok. water. usgs.gov/public/gis/geology/okc.html 
1996 379 http :1/ok. water. usgs. gov /pub! ic/ gis/ geology/texas. html 
1996 380 http :1/ok. water. usgs. gov /public/ gis/ geology /tulsa. html 
1996 381 http :1/ok. water. usgs. gov /pub lie/ gis/ geology/wood ward. h tml 
1996 395 http://ny.usgs.gov/projects/misc/OF96-395 .htm1 
1996 398 http://tn. water. usgs. gov /pubs/bcreekstory/bea ver. html 
1996 443 http://pubs. water. usgs.gov/ofr96-443/ 
1996 444 http://pubs. water. usgs.gov/ofr96-444/ 
1996 445 http://pubs. water. usgs.gov/ofr96-445/ 
1996 446 http://pubs. water. usgs.gov/ofr96-446/ 
1996 447 http://pubs. water. usgs.gov/ofr96-44 7 I 
1996 448 http://pubs. water. usgs.gov/ofr96-448/ 
1996 449 http://pubs.water.usgs.gov/ofr96-449/ 
1996 450 http://pubs. water. usgs. gov/ofr96-450/ 
1996 451 http://pubs. water.usgs.gov/ofr96-451/ 
1996 452 http://pubs. water. usgs.gov/ofr96-452/ 
1996 453 http://pubs. water. usgs . gov/ofr96-453/ 
1996 454 http://pubs. water. usgs. gov /ofr96-454/ 
1996 466 http://ak. water. usgs . gov/Publ ications/ Abstracts/ 1996.Abstracts/kenai_q w _ab 

s.htm 
1996 485 ftp ://ftp.uovs.ac .za/igslmodflow/doc/ofr96485 .pdf 
1996 486 ftp ://ftp.uovs.ac.za/igs/modflow/doc/ofr96486.pdf 
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1996 499 http://pubs. water. usgs.gov/ofr96-499/ 
1996 517 http://www-socal.wr.usgs.gov/fema/ 
1996 598 http://oregon.usgs.],ov/pubs dir/Pdf/96-598.pdf 
1996 618 http://ca. water.usgs.gov/rep/ofr96618/ 
1996 627 http:/ /ca. water. usgs .gov/pnsp/rep/carp2/ 
1996 629 http://ca. water.usgs .gov/rep/ofr96 629/ 
1996 674 http://coastal.er.usgs.gov/hurricanes/fran/OFR/ofr.html 
1997 18 http://idaho.usgs.gov/nawqa/reports/ott97ffiTLE.html 
1997 2 1 http://mn. water.usgs.gov/wrd/pubs/97 -21.pdf 
1997 22 http://mn. water.usgs.gov/wrd/pubs/97 -22.pdf 
1997 24 http://ca . water.usgs.gov/ofr97 -24/ 
1997 25 http:/ /sd. water. usgs. gov/na wqa/pubs/ofr/ofr97 .25 .pdf 
1997 45 http://btdqs.usgs.gov/acidrain/usereport.htm 
1997 113 http://tn . water.usgs.gov/pubs/OFR97 -113/a 1.html 

. 1997 116 http://rockyweb.cr.usgs.gov/public/mrgb/ofr97 -116.html 
1997 134 h ttQ:/ I ener_gy.er. usgs. gov /products/ databases/Coal QuaUintro .htm 
1997 200 http://de.usgs.gov/publications/ofr-97-200/ 
1997 228 http:/ /pubs. water. usgs.gov/ofr97 -228/ 
1997 235 http:/ /pubs. water. usgs.gov/ofr97 -235/ 
1997 240 http://oregon.usgs.gov/pubs dir/Pdf/97-240.pdf 
1997 241 http://ny. usgs.gov/projects/misc/OF97 -241. pdf 
1997 246 h~t{>://wwwi>_ah2o.er . usgs.gov/projects/almn/almn.pdf 

1997 264 http:/ /sofia. usgs.gov/publications/ofr/97-264/ 
1997 287 http://coastal.er.usgs . gov/wetlands/ofr97-287 I 
1997 401 http:/ /ca. water. usgs. gov /pnsp/pest.rep/voc. html 
1997 416 http:/ Ind. water. usgs. gov /index/uppertable.html 
1997 453 http:/ I sofia. usgs. gov /pub! ications/ ofr/97 -45 3/ 
1997 536a http:/ I geopubs. wr. usgs. gov /docs/usgsnps/ca ve!karst. html 
1997 563 http://sd . water. usgs.gov/na wqa/pubs/ofr/ofr97 .563. pdf 
1997 571 ftp://water .usgs.gov/pub/software/ground water/modflow/doc/ofr97571.pdf 
1997 574 http://pubs. water. usgs .gov/ofr97 -57 4/ 
1997 583 http://pa. water. usgs .gov/reports/ofr97 -5 83 .pdf 
1997 587 http://ny . usgs.gov/projects/misc/OF97-5 87. pdf 
1997 633 http://www-sflorida.er.usgs.gov/locaUnwis/gw/GW.user.book.html 
1997 634 http://www-tampa.er.usgs.gov/nwisdoc/qw/qw-user.doc.book.html 
1997 635 http://www-tampa.er.usgs.g_ov/nwisdoc/adaps/adaps .book.html 
1997 636 http ://www-tampa.er.usgs.gov/nwisdoc/swuds/wu.book.html 
1997 638 http://ny.usgs.gov/projects/misc/OF97-638.pdf 
1997 639 http:/ /ny .usgs. gov/projects/misc/OF97 -639. pdf 
1997 666 http:/ I de. usgs. gov /pub! ications/ofr -97-666/ 
1997 692 http://volcanoes.usgs.gov/PDF/Pubs94-6.pdf 
1997 713 http://greenwood.cr.usgs.gov/energy/WorldEnergy/OF97 -713/ 
1997 727 http://vineyard.er.usgs.gov/arc/sbtopo/html/quad14.html 
1997 777 http://de. usgs.gov/publications/ofr-97 -777 I 
1997 778 http://pubs. water.usgs.gov/ofr97 -778/ 
1997 792 http:/ /pubs. water. usgs.gov/ofr97-792/ 
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1997 812 http://water. usgs.gov/pubs/of/ofr97 -812/ 
1998 17 http://pa. water.usgs.gov/reports/ofr98-17 .pdf 
1998 21 http:/ Ind . water. usgs.gov/index/lowertable. html 
1998 31 http://chht-ntsrv.er.usgs.gov/Glacier wkshi>ftoc.htm 
1998 65 http://ny. usgs.gov/projects/misc/OF98-65 . pdf 
1998 69 http://pubs. water. usgs.gov/ofr98-69/ 
1998 78 http://pubs. water .usgs.gov/ofr98-78/ 
1998 179 http://idaho.usgs.gov/nawqa/reports/ott98/index.html 
1998 180 http://de.usgs.gov/pnawqa/datarpt/ 
1998 269 http://pubs. water .usgs.gov/ofr98-269/ 
1998 294 http://pubs.water.usgs.gov/ofr98294 
1998 362 http://aslwww.cr.usgs.gov/Publications/ofr 98-362.pdf 
1998 393 http://water.usgs.gov/pubs/ofr/ofr98-393/ 
1998 394 http://ma.water.usgs.gov/fhwa/products/ofr98-394.pdf 
1998 395 http:/ /oh. water. usgs.gov/reports/ofr/ofr. 98-395 . pdf 
1998 409 http:/ /rna. water. usgs.gov/fhwa/productslofr98-409. pdf 
1998 414 http:/ /pubs. water.usgs.gov/ofr98-414/ 
1998 478 http://geopubs. wr. usgs.gov/open-file/of98-4 7 8/ 
1998 530 http://energy.er.usgs.gov/products/openfile/OFR98-350/of98-350.pdf 
1998 532 http:/ /pubs. water. usgs .gov/ofr98-532/ 
1998 533 http:/ /in. water. usgs. gov /newreports/benthic/benthic. pdf 
1998 548 http:/ /pubs. water.usgs.gov/ofr98-548/ 
1998 559 http://pubs. water. usgs.gov/ofr98-559/ 
1998 575 ht!g://www-tampa.er.usgs.gov/nwisdoc/awuds/awuds user.htmJ 
1998 579 http://mi .water.usgs.gov/pdf/glpf.pdf 
1998 630 http:/ /rna. water. usgs.gov/fh wa/products/ofr98-630. pdf 
1998 636 http:/ /rna. water. usgs. gov /fh wa/products/ofr99-99. pdf 
1998 637 http:/ /sd. water.usgs.gov/nawqalpubs/ofr/ofr98 .637 . pdf 
1998 802 http://woodshole.er.usgs.gov/staffpages/cpolloni/manitoulcdrom/gisview.ht 

m 
1999 57 http:/ /de.usgs.gov/publications/ofr -99-57 I 
1999 67 http://pubs. water. usgs.gov/ofr99-67 I 
1999 69 http://il.water.usgs.gov/pubslofr99 69.pdf 
1999 77 http://pubs . water.usgs.gov/ofr99-77 I 
1999 78 http://pubs. water.usgs.gov/ofr99-78/ 
1999 96 http://water. usgs.gov/lookup/getspatial ?ofr99-96 wlc80 94 
1999 97 http://il. water.usgs.gov/pubs/ofr99 97 . web.2_df 
1999 99 http://ma. water.usgs.gov/FHW A/placer.htm 
1999 127 http://geopubs. wr.usgs.gov/open-file/of99-127 I 
1999 134 http:/ /chht-ntsrv .er. usgs.gov/ofr99-134/index.htm1 
1999 164 http://greenwood.cr.usgs.gov/energy/OF99-164/0F99-164.pdf 
1999 174 http:/ /greenwood.cr. usgs.gov/pub/open-file-reports/ofr -99-017 4/ 
1999 176 http://mac.usgs.gov/mac/isb/pubs/ofrs/99-17 6/3mcrada. pdf 
1999 181 http://pubs. water.usgs.gov/ofr99-181/ 
1999 182 http://sd . water.usgs .gov/nawqa!pubs/ofr/ofr99 .182.pdf 
1999 185 http://pubs . wijter.usgs.gov/ofr99-185/ 
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1999 187 http://sofia.usgs.gov/publications/ofr/99-187 I 
1999 189 http://ca. water. usgs.gov/rep/ofr99189/ 
1999 190 http://pubs. water. usgs.gov/ofr99-190/ 
1999 191 http://ny.usgs.gov/projects/misc/OF99-191.pdf 
1999 193 http://water.usgs .gov/owq/OFR 99-193/ 
1999 196 http://pubs. water.usgs.gov/ofr99-196/ 
1999 197 http:/ /water. usgs . gov/lookup/ getspatial ?ofr99-197 wlc80 95 
1999 198 http://water.usgs .gov/lookup/getspatial?ofr99-198 wlc80 96 
1999 200 http://me. water. usgs. gov/Ed wardsBod y .pdf 
1999 207 http://sd. water.usgs.gov/nawqa/pubs/ofr/ofr99 .207 .pdf 
1999 214 http ://water .usgs.govllookup/getspatial ?ofr99-2 14 hpbedrock 
1999 215 http_:/ /p_a. water. usgs . gov/reports/ofr99-2 15 .pdf 
1999 216 http:/ /pa. water. usgs . gov/reports/ofr99-216. pdf 
1999 218 http://sofia.usgs.gov/publications/ofr/99-218/ 
1999 219 http://pubs. water.usgs.gov/ofr99-219/ 
1999 221 http:/ /water. usgs.gov/osw/pubs/ofr99-221 header. html 
1999 226 http:/ /pubs. water. usgs.gov/ofr99-226/ 
1999 228 http://in. water.usgs .gov/newreports/morlock sal. pdf 
1999 237 http:/ /ny.usgs.gov/pubs/of/of9923 7 /OF99-237 . pdf 
1999 240 http:/ /rna. water .usgs.gov/fh wa/products/ofr99-240. pdf 
1999 243 http://pubs. water. usgs.gov/ofr99-243 
1999 245 http://water.usgs.gov/l'ubs/ofr/ofr99245/ 
1999 248 http:/ /pubs. water. usgs.gov/ofr99-248/ 
1999 249 http:/ /pubs. water. usgs.gov/ofr99-249/ 
1999 254 http://ma.water.usgs.gov/fhwa/products/ofr99-254.pdf 
1999 255 http://ma. water. usgs.gov/fhwa/products/ofr99-255. pdf 
1999 258 http :/ /ak. water. usgs. gov/Publications/ Abstracts/ 1999 .Abstracts/kenai_refuge 

abs.htm 
1999 261 http://pubs. water.usgs .gov/ofr99-26ll 
1999 262 http://pubs. water. usgs.gov/ofr99-262/ 
1999 263 http :/ /pubs. water. usgs.gov/ofr99-263/ 
1999 264 http:/ /pubs. water. usgs.gov/ofr99-264/ 
1999 265 http:/ /pubs. water. usgs. gov/ofr99-265/ 
1999 266 http ://pubs. water. usgs.gov/ofr99-266/ 
1999 267 http://pubs. water. usgs .gov/ofr99-267 I 
1999 271a http://pa. water.usgs.gov/reports/ofr99-271.pdf 
1999 312 http://chht-ntsrv .er. usgs.gov/warmclimates/products/s11 work. txt 
1999 325 http:// geopubs. wr. usgs.gov/open-file/of99-325/ 
1999 397 http://chht-ntsrv.er.usgs.gov/warmclimates/ofr99 397data.html 
1999 426 http://sofia. usgs .gov/publications/ofr/99-426/ 
1999 441 http:/ /coastal.er. usgs. gov /wet! ands/ofr99-44ll 
1999 451 http://pa. water.usgs.gov/reports/ofr99-451.pdf 
1999 452 http://pa. water. usgs.gov/reports/ofr99-452. pdf 
1999 459 http://ak. water.usgs.gov/Publications/ Abstracts/1999 .Abstracts/qw _talkeet_n 

atparks abs.htm 
1999 463 http://water.usgs .gov/pubs/ofr/ofr99-463/ 
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Item# Series 
357 OFR 
358 OFR 
359 OFR 
360 OFR 
361 OFR 
362 OFR 
363 OFR 
364 Prof 

Paper 
365 Prof 

Paper 
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Table of Online USGS Reports 
Not Listed on the USGS Online Publications Page 

http:/ /geology .usgs.govlbooks.html 

Year Report# Web Address 
1999 467 http:/ /pubs. water.usgs.gov/ofr99-467 I 
1999 468 http://ny.usgs.gov/pubs/of/of99468/0F99-468 .pdf 
1999 471 http://mn. water.usgs.gov/wrd/pubs/99-471 .pdf 
1999 472 http://mn. water.usgs.gov/wrd/pubs/99-4 72.pdf 
1999 474 http://mn.water.usgs.gov/wrd/pubs/99-474.pdf 
1999 563 http://geopubs. wr. usgs.gov/open-file/of99-563/ 
1999 604 http:/ /pubs. water.usgs.gov/ofr99-604/ 

1423c http:/ /pubs. water.usgs.gov/pro 1423c/ 

1594 http://pubs. water.usgs.gov/pro 1594/ 
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Charlotte Derksen has been the Stanford Earth Sciences Librarian since 1980. She has been a member of 
the Cartographic Users Advisory Council, and Liaison to USGS from that council 1984-1990. She has 
been a member of the GeoRef Advisory Board since 1991 and Chair since 1998. In each of these 
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such as GeoRef, Water Resources Abstracts of these publications. She also has long been interested in 
ways to provide easy access to USGS data (water, earthquake, spatial, etc.) for researchers. 

JENSEN, Kristi L., Fletcher L. Byrom Earth & Mineral Sciences Library, Pennsylvania State University 

Kristi Jensen is the Earth Sciences Librarian at the Fletcher L. Byrom Earth and Mineral Sciences Library 
at Penn State University. Previously she spent two year as a Resident Librarian at the University of 
Michigan in the Media Union Library and the Maps Library. She received her degree from Emporia State 
University in Kansas. Her primary research interest includes access issues with a focus on the impact of 
technology on users' access to information. 

128 



Part 2: Poster Session 

November 8, 2001 





STORMS, MINING REPORTS, AND OFFICIAL SURVEYS: 
THE U.S. SERIAL SET AS A SOURCE FOR HISTORICAL 

GEOSCIENCE RESEARCH 

John D. Kawula 
Government Documents and Maps Librarian 

Rasmuson Library 
P.O. Box 756817 

University of Alaska 
Fairbanks, Alaska 99775-6817 

ffjdk@uaf.edu 

Abstract -- Generally speaking, publication, indexing, and retrieval patterns reach their greatest level of 
complexity and development in the sciences. The geoscience fields rely on a wide variety of sources and 
indexes. In this respect, they are little different from other sciences. Two of the most distinguishing features 
of the geosciences are the importance of historical literature, and the heavy reliance placed on government
generated reports . 

GeoRef and other major indexes address both of these points by the extensive chronology of their 
coverage and inclusion of state and federal survey publications. Even so, their coverage of historical 
material is incomplete. Highly specialized sources must often be consulted for this material. 

The U.S. Serial Set is an ongoing collection of publications issued since 1789 under the direction of 
Congress. This set is now in excess of 14,000 printed volumes. It is a rich source of historical scientific 
data and reports. The Congressional Information Service has published an excellent multi-part index to this 
set. One portion indexes the estimated 50,000 maps in the Serial Set. Most of this presentation consists of 
textual and cartographic examples illustrating the potential the Serial Set and its index has for historical 
geoscience research. 

INTRODUCTION 

Generally speaking, publication indexing and 
retrieval patterns reach their greatest level of 
complexity and development in the science 
fields . This does not imply superiority of the 
sciences or of scientific writing. This has 
happened in part because of the way in which 
science is done, and in part due to societal trends 
that value technical knowledge above general 
knowledge and modem economies that channel 
unusually large amounts of money into the 
process. 

Like other sciences, the geoscience fields rely on 
a wide variety of sources and indexes. In 
addition, the geoscience fields are distinguished 
by the relative importance of historical literature, 
and heavy reliance placed on government
generated reports. 

GeoRef addresses both of these points by its 
extensive chronology of coverage (from 1785 for 
North American material) and inclusion of state 
and federal survey publications. 

Catalogue of Scientific Papers (1800-1900) and 
International Catalogue of Scientific Literature 
(1901-1914), both from the Royal Society (Great 
Britain), and Chemical Abstracts (1907-present), 
are other indexes useful for locating historical 
scientific literature. 

Even these four sources combined will not reveal 
the full range of historical scientific material. 
Highly specialized sources must often be 
consulted. 

One such source is the U.S. Serial Set. 

WHAT IS THE U.S. SERIAL SET? 

The United States Congressional Serial Set is 
an extensive numbered collection of 
congressional publications issued continuously 
since 1789. Until recently, it lacked an official 
title and is referred to by numerous unofficial 
names including The Serial Set. It now exceeds 
14,000 volumes. 

The contents vary over time but generally 
include congressional journals and 
administrative reports, reports issued by 
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congressionally commissioned investigations, 
annual reports from executive agencies, and 
extensive survey, research and special reports . It 
is a rich source of historical scientific data and 
reports . 

Until the early 20th century, most U.S. 
government publications were congressional and 
therefore included in the Serial Set. 

INDEXING THE SERIAL SET 

Ironically, a comprehensive index to the Serial 
Set did not exist until fairly recently. The CIS 
U.S. Serial Set Index, compiled and published 
retrospectively by the Congressional Information 
Service, is the only definitive index to thi s 
material. It covers the years 1789-1969. CIS 
Index, a more general annual index, continues 
coverage from 1970 to the present. 

An independent but related source, the Index 
and Carlo-Bibliography of Maps, 1789-1969 
(issued as part XIV of the CIS Serial Set Index ) 
indexes the 50,000 maps of the Serial Set. 

EXAMPLES OF GEOSCIENCE SUBJECT HEADINGS INCLUDED IN THE 
CIS U.S. SERIAL SET INDEX 

Artesian Wells 
Borate 
Chemistry 
Clay 
Climate 
Coal 
Coast and Geodetic Survey 
Desert 
Dolomite 
Drainage 
Drought 
Erosion 
Expedition 
Exploration 
Flood 
Fog 
Gas 
Gem 
Geodetic 
Geographical 
Geological 
Gold 
Gorge 
Granite 
Gypsum 
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Hurricane 
International Polar Expedition 
Iron 
Lead 
Lignite 
Limestone 
King, Clarence 
Metal 
Meteorology 
Mineral Land 
Mineral Resources 
Miners 
Mining 
Overflow 
Precipitation 
Quicksilver 
Radium 
Reconnaissance 
Silicate 
Storm 
Swamp 
Tidelands 
Uplift 
Water 
Wind 



GEOSCIENCE MATERIAL IN THE 
SERIAL SET 

Geoscience reports and data of numerous types 
and from a wide variety of sources are included 
in all time periods of the Serial Set. Some 
categories include: 

• Early USGS Bulletins, Professional 
Papers , and Reports of the Director of 
the Geological Survey. 

• Official reports from many of the major 
reconnaissance and exploration surveys 
of the 19th century. 

• Territorial and state resource survey and 
mining reports . 

• Early reports of major storms, floods, 
and earthquakes. 

• A large number of maps, some 
elaborately designed, others simply 
sketched, of varying quality, that 
illustrate the major geographical or 
geoscience topics contained in the 
Serial Set. 

• Policy, political , and financial matters. 

KAWULA 

EXPLORATION AND EXPEDITION 
REPORTS IN THE SERIAL SET 

• Of particular note are the official 
reports of exploration and expedition 
surveys in the Serial Set . 

• One historian has stated that: 

"If the Serial Set had no other virtue, the fact 
that it reproduces the reports of the great 
nineteenth century western survey expeditions 
would be reason enough to praise it. Among 
the classic reports are John C. Fremont's 
record of his 1842 expedition to the Rocky 
Mountains, S.doc. 243 (27-3) 416, Lorenzo 
Sitgreave's account of his 1852 expedition 
down the Zuni and Colorado Rivers, S.doc. 59 
(32-2) 668, and identical eleven-volume sets on 
explorations and surveys for the Pacific 
Railroad, S.exdoc. 78 (32-2) 758-768 and 
H.exdoc. 91 (33-2) 791-801. These Pacific 
Railroad volumes contain basic narratives by 
E.G. Beckwith, John B. Pope, John G. Parke, 
William H. Emory, and Amiel Weeks 
Whipple, as well as a plethora of details on 
Indians, meteorology, geology, botany, and 
zoology." (Ross, 1994, p. 211). 
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EXAMPLES OF GEOSCIENCE RELATED 
REPORT AND DOCUMENT TITLES IN 
THE U.S. SERIAL SET 

Hundreds of such titles exist: these examples 
were drawn to illustrate the depth and range of 
the material within the Serial Set . 

Account of Commissioner on damages caused by 
erection of dams on Fox and Wisconsin Rivers. 
S. exdoc. 214 (49th Congress 1'1 Session, 1885-
86) Serial Set number 2341. 

Acquisition of deposits of borax, borate of lime, 
and borate of soda. H. rp. 1734 ( 61 51 Congress, 
2"d Session, 1909-10) Serial Set number 5593. 

Annual report of Inspector of Coal Mines in New 
Mexico, 1895. H. doc. 5 (54th Congress, 1'1 

Session, 1895-96) Serial Set number 3383. 

Anthracite and bituminous coal situation. H. doc. 
193 (65th Congress, 151 Session, 1917) Serial Set 
number 7300. 

Arsenic deposits in United States. S. doc. 27 
(68th Congress, 1 ' 1 Session, 1923-24) Serial Set 
number 8253. 

Artesian wells in northern Montana. S. rp. 251 
(65 1

h Congress , 2"d Session, 1917-18) Seriill Set 
number 7304. 

Astronomical and meteorological observations, 
1881. S. misdoc. 71 (48th Congress, 2"d Session, 
1884-85) Serial Set number 2271. 

Change in levels of lakes in Klamath Basin, 
Oregon and California, for irrigation. S. rp. 
3067; H. rp. 3764; H. rp. 4092 (58th Congress, 
3rd Session, 1904-05) Serial Set numbers 4755 , 
4761,4762. 

Colorado desert. H. rp. 87 (37th Congress, 2nd 
Session, 1861-62) Serial Set number 1145. 

Conflict between placer and lode locations of 
phosphate lands. H. rp. 810 (62"d Congress, 2"d 
Session, 1911-12) Serial Set number 6132. 

Damage by storm at Sabine Pass, Tex. H. doc. 
152 (56th Congress, 2"d Session, 1900-01) Serial 
Set number 4148. 
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Dangerous quagmire lands in Nevada. S. rp. 
1111 (62"d Congress, 3'd Session, 1912-13) 
Serial Set number 6330. 

Details of precipitation of rain and melted snow 
at stations in Nebraska and South Dakota. S. 
misdoc. 113 (53rd Congress, 2"d Session, 1893-
94) Serial Set number 3171. 

Floods in Mississippi Valley. H. doc. 662 (62"d 
Congress, 2"d Session, 1911-12) Serial Set 
number 6323. 

Information on bar in Atchafalaya River. S. 
exdoc. 50 (34th Congress, 1'1 Session, 1855-56) 
Serial Set number 821. 

Injury to navigable waters of California from 
mining debris. H. exdoc. 98 (47th Congress, 151 

Session, 1881-82) Serial Set number 2028. 

International Polar Expedition to Lady Franklin 
Bay, Grinnell Land. H. misdoc. 393 (49th 
Congress, 1 ' 1 Session, 1885-86) Serial Set 
numbers 2427-2428. 

Lieut. J.C. Fremont's report of exploring 
expedition to Rocky Mountains. S. doc. 243 (27th 
Congress, 3'd Session, 1842-43) Serial Set 
number 416. 

Mineral lands in Pacific railroad grants . H. rp. 
3067 (541

h Congress, 2"d Session, 1896-97) 
Seriill Set number 3556. 

Meteorological observations 1854-59. v. 1 
weather v. 2 plant and animal phenomena and 
storms, 1859. H. exdoc. 55 (36th Congress, 1 ' 1 

Session, 1859-60) Seriill Set numbers 1052, 
1053. 

Nebraska stream measurements. S. doc. 142 (54th 
Congress, 1 '1 Session, 1895-96) Serial Set 
number 3350. 

Recent seismic disturbances in Guatemala, Costa 
Rica, and Nicaragua. S. doc. 131 (57th Congress, 
2"d Session, 1902-03) Seriill Set number 4424. 

Report of Stansbury's Great Salt Lake 
expedition. S. exdoc. 3 (32"d Congress, Special 
Session, 1851) Serial Set number 608. 

Survey of old bed of Grand River, Ohio. H. 
exdoc. 163 ( 43'd Congress, 2"d Session, 1871-72) 
Serial Set number 1648. 



Tidal observations and investigations by 
Commander Robert E. Peary off Greenland and 
in the Arctic. H. rp. 791 (61 ' 'Congress, 2"d 
Session, 1909-10) Serial Set number 5597. 

GEOSCIENCE POLITICS IN THE SERIAL 
SET 

As the Serial Set includes both executive and 
legislative branch publications relating to public 
policy, it can be viewed as a record of financial , 
political, and legal matters . 

Some geoscience examples include: 

Appropriation for completion of geological 
survey of Oregon and Washington Territories. S. 
rp. 177 (36th Congress, 1 ' ' Session, 1859-60) 
Serial Set number 1039. 

Bill for aid of geological and other surveys in the 
several states. S. rp. 311 (43'd Congress, 1'1 

Session, 1873-74) Serial Set number 1587. 

Consideration of certain bills on radium ores. H. 
rp. 1169 ( 63 rd Congress, 2"d Session, 1913-14) 
Serial Set number 6567. 

Conspiracy in Alaska coal land cases, opinion of 
district judge of U.S. court for eastern district of 
Washington. S. doc. 18 (62"d Congress, 1'' 
Session, 1911) Serial Set number 6105. 

Cost of granite for south wing of Treasury 
Building. S. exdoc. 41 (35th Congress, 2"d 
Session, 1858-59) Serial Set number 984. 

Estimate of appropriation for geo logical maps. S. 
exdoc. 63 (52"d Congress, 2"d Session, 1892-93) 
Serial Set number 3056. 

Invitation from German government to become 
party to International Geodetic Association. H. 
exdoc. 164 (50th Congress, 1 '' Session, 1887 -88) 
Serial Set number 2558. 

Letter from Secretary of Smithsonian Institution, 
asking appropriation for completing scientific 
results of Hall's Arctic Expedition. S. misdoc. 
95 (46th Congress, 2"d Session, 1879-80) Serial 
Set number 1891. 

Papers on right of exploring for minerals on 
Navajo reservation, Arizona and New Mexico. 
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S. doc. 216 (56th Congress, 2"d Session, 1900-01) 
Serial Set number 4043. 

Selection by Idaho of phosphate and oil lands. H 
rp. 1276 (62"d Congress, 3'd Session, 1912-13) 
Serial Set number 6334. 

To preserve prehistoric caves, ruins, etc. New 
Mexico. H. rp. 2427 (56th Congress, 2"d Session, 
1900-01 ) Serial Set number 4213. 

GEOSCIENCE MAPS IN THE SERIAL SET 

The Serial Set contains about 50,000 maps of a 
wide variety of subjects and quality. 

Some relevant examples include: 

Chart exhibiting the areas surveyed by King, 
Wheeler, Hayden, Jenny, and Powell. H. exdoc. 
80, map 1 (45th Congress, Second Session, 1877-
78) Serial Set number 1809. 

Chart of currents in Bering Sea and adjacent 
waters, 1881. S. exdoc. 12, map 27 (46th 
Congress, 3'd Session, 1880-81) Serial Set 
number 1942. 

Diagram showing the relative heights of floods 
in the Mississippi River for several years at 
several places. S. exdoc. 20, map 3 (32"d 
Congress, 1 ''Session, 1851-52) Serial Set 
number 614. 

General contour chart of Lake Erie, together with 
profile of water surface along its south shore 
during westerly gale of October, 1893. H. exdoc. 
I, map 15 (53'd Congress, 3'd Session, 1894-95) 
Serial Set number 3301. 

Generalized section of deltas at the mouth of 
American Fork Canyon, Utah. H. misdoc. 194, 
map 20 (51'' Congress, 1 '' Session, 1889-90) 
Serial Set number 2776. 

Isogonic lines for the year 1783, constructed 
from observations made by Spanish navigators 
between 1774 & 1790, San Bias, Mex. To 
Vancouver Isd. H. exdoc . 22, map 31 (50th 
Congress, 2"d Session, 1888-89) Serial Set 
number 2648. 

Map of Alaska, showing the area disturbed by 
sensible shocks during the earthquakes of 
September 1899, in and around Yukutat Bay 
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1909. H. doc. 997, map 10 (61'1 Congress, 2nd 
Session, 1909-10) Serial Set number 5759. 

Map of Cripple Creek mining district. H. doc. 5, 
map 1 (54lh Congress, 1'1 Session, 1895-96) 
Serial Set 3385. 

Map of Red River with its bayous and lakes in 
the vicinity of the raft. S. exdoc. 1, map 32 (34th 
Congress, 1 '1 Session, 1855-56) Serial Set 
number 813. 

Map of the track of the Barnard tornado through 
portions of Andrew and Nodaway counties, 
Missouri. H. exdoc. 1, map 29 (46lh Congress, 3rd 
Session, 1880-81) Serial Set number 1957. 

Occurrence of tornadoes during the year 1920. 
H. doc. 226, map 5 (67th Congress, 2"d Session, 
1921-22) Serial Set number 8050. 

The total precipitation for the crop season of 
1903, from March 1 to October 5. H. doc. 6, map 
4 (58th Congress, 2"d Session, 1903-04) Serial 
Set number 4653. 

[Weather maps of the eastern United States 
showing movement of a storm along the Atlantic 
coast on March 1-3, 1872]. H. exdoc. 1, map 2 
(42"d Congress, 3'd Session, 1872-73) Serial Set 
number 1558. 
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DIGITAL INDEXES TO GEOLOGIC MAP SETS 
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Abstract- In most libraries today, users must visit the library to use the index map for a particular 
geologic map set in order to determine the sheet required . Unfortunately, it is not uncommon for the user 
to then find that the library doesn't own the sheet in question. This project describes an experiment in 
providing remote access to these index maps via the Internet and in enhancing the utility of the library 
catalog and the index maps for remote users. 

Digital index maps were created for various geologic map sets, featuring links from each 
individually represented map sheet on the index to the relevant library catalog record . Methods to represent 
sheets not owned were also explored. Records for the digital index maps were added to the library catalog 
and links to the index were added to the library catalog records of the geologic maps and sheets. This 
cross- linking allows users to access the index map from multiple entry points and facilitates its use. 

INTRODUCTION 

Map sets exist at varying scales and it is not 
uncommon for one's local library to have an 
incomplete set of geologic maps at a particular 
scale. In most libraries today, the geologist must 
visit the library to use the index for a particular 
map set in order to determine the sheet required. 
Unfortunately, it is not uncommon for the 
geologist to then find that the library doesn't 
own the sheet in question. This project was 
undertaken to investigate ways to allow users, 
via remote access, to identify which sheet in a 
map set they required and then to determine 
whether the library owned the sheet in question. 
Index maps were created for geologic map sets 
for various countries. The sets were selected so 
as to provide variations in the size of the area 
covered as well as variations in how the sets 
were cataloged. 

CREATING THE DIGITAL INDEX MAP 

Digitization of existing index maps was 
considered as an option but was rejected for 
several reasons . First, the issue of copyright 
needed to be considered. More importantly, 
however, digitized versions of printed indexes 
are in many ways not as functional as born
digital indexes. The digital index maps were 
created as basic image files and overlaid with a 
grid representing the map set. One of the issues 
faced early on was the question of how much 
detail to include on the digital index map. The 
initial assumption was that a large amount of 
detail would be required but that proved not to 
be the case. In lieu of including lots of detail , 
each index map page refers users to existing 

online locational tools such as the GEOnet 
Names Server and the Perry-Castaiieda Library 
Map Collection. The only truly essential 
elements were determined to be latitude and 
longitude. Major cities or political boundaries 
are helpful, but may not be required, depending 
on the map set 

Another factor to be considered was the 
size of the area to be represented. In some cases 
(see Figure 1), a single image map was 
sufficient; in others, multiple images were 
required (see Figures 2 and 3) . In cases where 
multiple levels of the index map were required, 
thumbnails were created as supplemental 
navigational tools . 

LINKING TO THE BIBLIOGRAPHIC 
RECORD 

Each grid on the digital index map was hotlinked 
to a particular bibliographic record in the 
library's online catalog. Sheets that were not 
owned by the library were indicated by 
overlaying that grid section with a red 'X ' and 
omitting the hotlink. This proved to be 
somewhat controversial with our map library 
colleagues. It is standard procedure in map 
libraries to use an 'X' or other marking to 
indicate which sheets are owned rather than not 
owned. We found this to be counter-intuitive in 
the Web environment, however. A red strike
through is an international symbol denoting a 
negative. Given this, plus the ability to use the 
mouse-over capability to indicate further links, 
we chose to use the red "X" to indicate sheets 
not held. 
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For map sets that are cataloged as sets (i.e. , on 
one bibliographic record) all the hotlinks take the 
user to the same record where they can consult a 
contents note or holdings statement to determine 
if the identified sheet is available in the library. 
For map sets where each sheet has its own 
bibliographic record, each hotlinked grid section 
will take the user to the individual bibliographic 
record (see Figure 4). 
Users who begin their search with the online 
catalog can access the digital index map in two 
ways. First, the digital index map itself is 
cataloged in the online catalog (see Figure 5). 
Secondly, links to the digital index map were 
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added to the bibliographic records for each map 
set (see Figure 4) . 

SUMMARY 

Users now can determine whether the library has 
the map sheets they need before they visit the 
library. Additionally, users have multiple ways 
to access this information - via the catalog record 
(i.e., text) and via the map index (i.e. , image) . 
Finally, by utilizing existing geographic tools on 
the Web, the amount of information required on 
the index map is reduced. 
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Catalog Record for Index Map 

Personal Author: Pan. Tien-chi. 

Title: Index map to 1:500,000 geological maps of Turkey I map 
images created by Tien...chi Pan ; project coordinator, Kristi 
L.Jensen. 

Mathematic map data: Scale not given. (E 24°'--E 40°/N 42°-N 36°). 
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Publication info: University Park, Pa.: The Pennsylvania State University,. 
Earth aud Mineral Sciences Library, c2001. 

Physical descrip: 1 map (online): col 
General Note~ Sbows local holdings of the individual map sheets "that ma.ke 

up the 1:500,000-scale map set. 

Subject term: Geologv--Turkev-Map;s. 

Geographic term: Turkev-lndex maps. 

Added author: Jensen. KrJsti L. 

Electronic access: b ltp://www.Ubrarics.psu.edu/cmsllindexm:aps/turkcv500.btm1 

FIGURE 4 
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Abstract-- Given the importance of Antarctica in Earth science and global change research, data collection 
in the Antarctic/Southern Ocean region has grown in recent decades. The distribution of data in separate 
databases in different countries has however created difficulty for scientists searching for Antarctic-related 
data. Therefore, the need for Antarctic data management has become a priority. In collaboration with the 
Joint Committee on Antarctic Data Management (JCADM), NASA's Global Change Master Directory 
(GCMD) has developed a portal , called the Antarctic Master Directory (AMD), to aid Earth science 
researchers in the discovery and description of Antarctic data (http://gcmd.nasa.gov/Data/portal s/arnQD. 
The AMD accesses a virtual subset of the GCMD database of Earth science-related metadata by filtering 
metadata records relevant to Antarctica or the Southern Ocean. The AMD portal increases the accessibility 
to Antarctica data, which are distributed among several National Antarctic Data Centers (NADCs) around 
the world. Metadata records can be added to the AMD or modified, using a GCMD-customized online 
metadata-authoring tool. 

INTRODUCTION 

The multinational, multidisciplinary approach to 
science fos tered by the Antarctic Treaty makes the 
Antarctic and Southern Ocean regions a unique place to 
conduct research on many topics, including global 
warming and depletion of stratospheric ozone. As 
reported by NASA, obvious environmental responses to 
global warming are manifested in the breakup of the 
Larsen Ice Shelf (NASA GSFC News Release, 2001 ). In 
addition, the largest hole in the stratospheric ozone 
layer was recorded in September 2000 by the Total 
Ozone Mapping Spectrometer (TOMS) instruments 
(NASA HQ Press Release #00-137, 2000). 

Establi shed in 1961 and growing from 12 to 44 
members (National Science Foundation, 2000), the 
Antarctic Treaty encourages an international effort in 
gathering data in Earth science and global change 
disciplines that include biology, meteorology, 
climatology, geology, solar physics, and oceanography 
with respect to Antarctica and the Southern Ocean. To 
better supervise the storage and distribution of 
Antarctic data, the Joint Committee on Antarctic Data 
Management (JCADM: http://www.jcadm.scar.org[) 
was established by the international agency, the 
Scientific Committee on Antarctic Research (SCAR) 
and the Council of Managers of National Antarctic 
Programs (COMNAP). The management of the data 
from each Antarctic treaty country is coordinated 
through JCADM by means of the National Antarctic 

Data Centers (NADCs). The widespread distribution of 
the NADCs increases the difficulty in locating data sets 
on a particular subject, as relevant data may be located 
at several different data centers. JCADM is comprised 
of the managers fro m the each of the NADCs or a 
person responsible for the establishment of an NADC. 

The driving force behind the coordinated approach is 
the Antarctic Treaty's Article III .l.c, which states, 
"Scientific observations and results from Antarctica 
shall be exchanged and made freely available." This 
farsighted foundation was recently re-emphasized by 
the Treaty' s Resolution 4 (1998): 

"The Representatives of the Consultative 
Parties, 
Recalling the Commitment of Parties under 
Article III (1)(c). of the Treaty to promote 
international co-operation in scientific 
investigation by exchanging, and making 
freely available, scientific observations and 
results from Antarctica ; 

Welcoming the establishment by SCAR and 
COMNAP of the Joint Committee on 
Antarctic Data Management and the Antarctic 
Data Directory System; and 

Recognising the enhanced efficiency for 
Antarctic research to be gained from effective 
data management; 
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Recommend that 
Consultative Parties, who have not yet done 
so, establish National Antarctic Data Centres 
and link these to the Antarctic Data Directory 
System managed by the Joint Committee on 
Antarctica Data Management of SCAR and 
COMNAP. 

Consultative Parties and their National 
Antarctic Data Centres encourage their 
scientists, through a process of education, 
support and the development of policies and 
procedures, to provide in a timely manner 
appropriate information to their National 
Antarctic Data Centres for distribution through 
the Antarctic Data Directory System. 

Consultative Parties give priority consideration 
as to how the requirement for freedom of 
access to scientific information, in accordance 
with Article III (l)(c) of the Treaty, is 
achieved within their national data 
management systems. " 

OPP-awards are 
REQUIRED to submit to 
appropriate electronic data 
directories, a description of 
their data (i.e. metadata) 
resulting from OPP funded 
research in the form of a 
Directory Interchange 
Format (DIF) entry." 

BACKGROUND 

The GCMD database contains metadata records that 
describe Earth Science data sets: where the data exists, 
who has the data, and how to get access to the data. 
The metadata scheme used to describe Earth science 
data in the GCMD is the Directory Interchange Format 
(DIF) (see 
http://gcmd.nasa.go v/Userldi[J?uide/di[man.lztml). The 
DIF (Figure 1) is a metadata standard developed by the 
Committee on Earth Observation Satellite's (CEOS) 
International Directory Network (IDN) and was 
designed specifically for describing scientific data sets 
(NASA/GCMD, 2001). 

The US National Science Foundation' s Office of Polar 
Programs (OPP) in its Guidelines and Award 
Conditions for Scientific Data (December 1998) has 
also emphasized the importance of data set descriptions 
with regards to Antarctic-related data sets: 

Metadata in the GCMD database are distributed across 
several Earth science disciplines to facilitate multi
disciplinary searching. The ability to search for and 
locate related data sets across several disciplines is vital 
to the multi-disciplinary nature of global change and 
Earth science research . The following science areas 
covered in the GCMD are also relevant to Antarctic and 
Southern Ocean research: 

"For all projects receiving 
funding in FY99, and for all 
subsequent projects, 
Principal Investigators of 

GCi\ID TOPICS 

Agriculture 

Atmosphere 

Biosphere 

Crvosohere 
Human Dimensions 

Hydrosphere 

Land Surface 

Paleoclimate 
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RELEVANCE TO ANTARCTIC/SOUTHERN 
OCEAN RESEARCH 
Data denoting changes in fisheries located in the 
Southern Ocean 
Data regarding the ozone hole in the Southern 
Hemisphere and recorded temperature and 
precipitation changes 
Data regarding changes in populations of native 
flora and fauna 
Data from snow, ice, and sea ice dynamics research 
Data from studies on the impact of humans on the 
environment in Antarctica 
Data regarding Antarctic lakes, which is on the 
cutting edge of exobiological research 
Data that relates to glacial and tectonic changes seen 
at the surface 
Data relating to past climatic changes as recorded in 
ice cores 
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Radiance or Imagery Data from satellites or aircraft relating to changes in 
the movement and amount of ice in the 
Antarctic/Southern Ocean region 

Solar Terrestrial Interactions Data from studies on auroras 
Solid Earth and Geophysics Data related to the geologic history of Antarctica 

ANTARCTIC MASTER DIRECTORY (AMD) 
PORTAL 

NASA's GCMD staff, in collaboration with the Joint 
Committee on Antarctic Data Management (JCADM), 
have created a resource for discovering and describing 
internationally held Antarctic data. The GCMD 
Antarctic Master Directory Portal (AMD) is a virtual 
subset of the GCMD database, which provides metadata 
on Earth science data sets pertaining to Antarctica and 
the Southern Ocean. The AMD is freely available and 
online at the following URL: 
http://gcmd.nasa. rtov!Data/portals/amd! (Figure 2) . 
Through the close cooperation between NASA and 
JCADM, over 2000 data set descriptions or metadata 
records have been added to the GCMD database. 

Searching the Antarctic Master Directory Portal 

The AMD Portal provides several alternative 
techniques to search for Antarctic data. Users may 
query the database using a set of controlled keywords, 
free-text or a combination of both. All queries to the 
AMD subset of the GCMD database are automatically 
restricted to data sets that meet the following criteria: 

Geographic location equal to "Antarctic"; 
Geographic location equal to "Southern 
Ocean"; or 
Belonging to a NADC archive. 

Searching by Controlled Keyword 
Each DIF metadata record in the GCMD database 
is indexed with one or more terms from a pre
defined controlled keyword list that corresponds to 
the topics shown in the above table (see 
lzttp:/!gcmd.nasa.gov!Resources!valids!index.html). 
An interface has been provided on the AMD portal 
home page, 
http://gcmd. nasa. gov!Data/portals/amd! that 
allows the user to select controlled keywords to be 
included in the search. This interface is similar to 
the GCMD homepage and other web-based 
directory search engines. From the AMD portal, 
users can select an Earth science topic, geographic 
location, data center, instrument, platform, or 
project from which to start the search. An 
expanded hierarchical list that corresponds to the 
first topic chosen will be shown. Users may then 

click on a keyword that will be used to match the 
controlled keywords indexed in the metadata and 
retrieve records from the database that contain the 
word selected. Results can be refined by selecting 
another keyword or location from the list or by 
adding a free-text word or phrase. For example in 
Figure 3, a researcher looking for fur seal 
population data on Macquarie Island may choose 
the science term Zoology, under Biosphere (Figure 
3a); then select Mammals (Figures 3b and c shows 
70 data sets available); and then refine the search to 
the location Macquarie Island, (Figures 3d and e 
show 14 records are available meeting that 
criteria). 

Searching by Free-Text 
The AMD portal provides two free-text search 
interfaces to search the metadata database. The 
first appears on the portal homepage and is a blank 
text box into which the user may type any word or 
phrase to conduct a simple search. Words or 
phrases can be combined using Boolean 
(AND/OR) operators. The second interface, the 
Enhanced Free-Text Search, also allows the user to 
combine words or phrases with the addition of 
geospatial and/or temporal search criteria as 
specified below: 

Add a geospatial search within the 
Antarctic Region circumscribed by the 
latitude 65S to 90S and longitude 180E 
to 180W. The user may specify a 
geographic location within the above 
coordinates by entering the latitude and 
longitude of the Antarctic/Southern 
Ocean area of interest in the geospatial 
search boxes provided. 
Add a temporal or date search. The user 
can choose certain dates to limit the 
search to fall before, during, or after a 
certain time period. 
Limit the search to selected metadata 
fields (sometimes called a "fielded 
search") such as the Title or Summary or 
Personnel, etc. The search defaults to 
the entire or "full" text of the metadata 
record, but the user can select limiting 
fields by using the pull-down menu next 
to the search boxes. 
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An example of a free-text search is illustrated in 
Figure 4. 

The free-text interface is an implementation of the 
ANSIINISOZ39.50 search and retrieval protocol 
initially developed by the Center for Networked 
Information Discovery and Retrieval (CNIDR), 
maintained by NWWW Enterprises 
(http://www.awcubed .com/Isite/), and customized 
by the GCMD. 

Tools for Metadata Development 
The GCMD staff have developed and customized 
an online metadata authoring tool to assist 
Antarctic research scientists in documenting and 
managing their data descriptions. Users may create 
new or modify metadata records at the following 
URL: http://gcmd.nasa.gov/cgi-
bin/jcadm difbuilder/difbuilder. Authors are 
strongly encouraged to submit a proper citation of 
the data set to credit the data provider. Figure 5 
illustrates using the tool to describe a data set. 

FUTURE PLANS 

Metadata in the AMD will grow with recruitment of 
NADCs within JCADM. Recent advances in XML and 
Java-based technologies have provided the GCMD an 
exciting framework for the sharing and managing of 
metadata across multiple systems. As a participatory 
member of JCADM and the IDN, the Australian 
Antarctic Data Center (AADC) is incorporating 
GCMD's recently released Java-based software system 
to manage the flow and exchange of Antarctic 
metadata. 

The GCMD and JCADM are reviewing the impact of 
the ISO 19115/TC 211 Geographic Information 
Metadata standard on the AMD. 

CONCLUSION 

JCADM and NASA's GCMD are collaborating to 
enhance the discovery and description of Earth science 
research in the Antarctic region. Over 2000 Antarctic 
data sets, which are held at data centers in Argentina, 
Australia, New Zealand, Italy, Spain, China, The 
Netherlands, Japan, the United Kingdom and the USA, 
can now be searched for and located through the 
Antarctic Master Directory (AMD) portal. With 
different search techniques available, users can be 
assured of a full spectrum of relevant results. As more 

146 

data become available, the AMD will become an 
increasingly important research tool in the discovery of 
Earth science data related in a region that is vital to our 
understanding of climate change and Earth system 
dynamics. 
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Fi ure 1. An exam le of a DIF metadata record. 
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Figure 2. The AMD Portal home page. 
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Figure 3. An example of a controlled keyword search for Macquarie Island fur seal 
population data. 
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VEOET A TION (7) 0 
VEOETATIONCOVER (21) 0 
VEOET ATION INDEX (I) 0 
VEOET A TION SPECIES (12) 0 

INDIOENOUS SPECIES (J) 0 
INSECTS (4) 0 
JNVERTEBRA TES (39) 0 
MAMMS;t; (711) 0 
MOU.U (IJ) 0 
SEGMENTED WORMS (I 2) 0 
SPONGES (J) 0 
VERTEBRATES (46) 0 
ZOOLOOY (') 0 
ZOOPLANKTON (18) 0 

AMD Home Search for AntarctiC Data • Oescnba Your Antarct•c Data Y1srt the GCMO 

•.• 
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Figure 3. continued. 

Figure 3c. User receives 70 hits under Mammals and then chooses to narrow the search to 
articular location. 

70 Tides Match Your Quay 

Refine by: 
Parameters · ~ 
Seruor·~ 
Data Centers \..Pro 1ect 

· . 
.... ........ ...... ............................................ , .. _,_, ..... ,_ ,.( 

Click ou a tid• belov.· to display the fuD 
record. 

1. 10 facts Antarctic and Southern Ocean 
information pu es 

2. Acoustic surveying of pack-ice seals 

J. Aeml Surveys o(Paclc-Icc Seals tn and 
arotmd Antarctica 

4. Aerial Surveys ofPack-lce Seals in and 
around Antarctica 1985-1987 

5. Anacsthctl.cs and Ecology of the 
Southern Flephant Sea at Macguane Island (.,. 

·. 
6 Antarctic Fur Seal PopulatiOII$ on Heard ..:J 

Results for : 
((Locolion: Loctliot>_N_ANTAJtcnCA] OR 
(Lo""""" Loctlioo_N- SOD'1111:RN OCL\H] OR 
(IDI< _Hodo: Short _H -AIIIli""J) AHI> 
[P••-s: T opwo'IIIOSI'IIDir, T .._.ZOOLOGl', V wiablr'MAMIIIALS'] 

Sdett a title &om the frame to the left, and the content 'M1J be displayed ba-e. 

Fi Search continues to Location, where the user chooses Mac 

R<fiutJD<:nl by Loroliou: 
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Clmoat Crit•ria: 
([Loc.vion: Localioo_Name-'ANTARCJ1CA'] OR [Localioo: Localion_Name='SOUTHERN OCEAN'] OR [IDN_Node: Short_Namea'AMDI*'D 
AND [Parazmt=: Topic='BJOSPII:ERE'. Tellll"""ZOOLOGY", Voriable-'MAMMALS"] 

Go ro BODY OF WATER - COUNTRY TERRITORY - REGION CONTINENT - VERTICAL LOCATION · 

Cliek on the link for associat•d data sets: click on dte 0 icon for locabon infonnation. 

BODY OF WATF.R 

VI-:RllCAL I.OCAI10S 
SEA SURFACE (I) 

AMO Home Search for Antarctic Data • Describe Your Antarctic Data · Visll the GOAD 

..:J 

..:J 
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Figure 3. continued. 

Figure 3e. The search is refined to 14 out of 70 hits, and the user may scroll down through 
the lis tin of titles and choose the record she would like to view. 

Antarcbc and Subantarctic Fur Seals at 
Mac guarie Island 

6 Food Conswnptlon and Forasmg 
Success of Free·ranging Southern Elephant 
Seals 

7. Form Range of Fur Seals 
'Arctocephalus spp' at Macguane Island 

8. fMacguane Island fUr see,databas 

9. Male Copulatory Success Within and 
Between Three Species of Fur Seal 
CArctocephalus' s:pp) at Macauane Island 

10. Maternal Attendance and Pup Growth 
Ul Fur Seals (ArctocephaJus spp ) at 
Macguarie and Heard Islands 

11 Maternal Investment Strate@ICS 

.Energebcs and Feeding Ecology of 
Aruarctl.c and Subantarctic Fur Seals at 
Macquarie Island 

12 Periodicity in foraging areas of leoeard 
.!.1 

Results for : 
QLoeWoo: Lo<ation_Nam.-'ANTARcnCA1 OR 
(Locttion: LoCltion_NUb ... SOUJHtRN OCEAN) OR 
[IDN_No<H Short_Nam.-'AMD/+'j)AIID 
[Pue:mctcu Topic•'BIOSP.HIRE, Tttut-'ZOOLOGY', Vmabt.e-'MAMMALS').A.ND 
[Locarioo: Location_N am.-'MACQUARII ISLAND'] 

Macquui~ Island fw- seal database 

Swnmarv 
2001-06-06 

Thr: dstue:t. tnclude-3 data on all tur $Cal!: t aaoed a t Kacquarie Is l a nd s ince: 
1986. The d.ate:5e:t Lnclude::5 Lnt orraation on the sex and .specie:.s ot individuals, 
1nto rmat ion on their r eproduc tive: h i !!!torle:s, re :5iqht data and tagginQ hi.s tory. 

ata Crntrr 
Da.ta Center Nam•: AADC >Australian Antarctic Data Centre 
Data Centu URL: httpl/www-aadc aadgov au 

Namo: DATA OFFICER AADC 
Phon•o +61 3 6232 3244 
Fax: +61 3 6232 3351 
Email: metadata@aad.gov au 
Address: 

Austral i a n Antarctic Division 

.!.1 

.!.1 
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Fi re 4. A free-text search and the results 

• 
-~ Spatia l Extent 

Th;. field ls1equired. This field 15 optional. 
Include? l YES <*NO I

MII..il;fi.I.Q 
This field ~optional. 

Include? rYES r- NO 

.. El N 

~ Tune rriod of interest is 
during EJ 

w 
IB4W"" 

E 
pov;r [ J~ H3 [1 [95i[ 

throut_ 
JFob. f]pg · JZOoZ 

fe5S::" 
s 

Select !he number of records to view. fii"": 
Select !he viewing fonmat: J.pis. ~l">' . ±J 

Instructions 
Official: Lola Olsen. Code 902, olsen@gcmd.nasa.gov 

GCMD MD~ !site technical contact - cgok.ey@gcmd.nasa.gov 
Questions? Need assistance? Contact GCMD User $upport 

AMO Home Search for Antarctic Data • Describe Your Ant arc he Data · Visit the GCMO 

r.Jio ba I Chang~ ,Yf.(ftt e'r i):f~;ect~'fy 
a directory of'~rth ~'cl e"hce data -r"' ,. fl' 

Seaa·ch Results: 

9 rocord. MalcMa yc>Ur qu•ry 
Count: 9 

~cord. / through 9 of 9 rwh<rMd. _____ . _____ , ________ ------------------·-·------------------
Adelle PoneuiJo ocotoiiY (JCADM_USA_PENGUINS( 
More on this record 

on:inc ~ones of ~iaC'~roni Pen~s breedin:: at He;ud lsl;wd (ASAC_12S7J 
. More on this record ~ 

·-··-·--·-·---------------·-·--·-·· . ··--·-----·-·-·--·--·--·--··----~¥ 
En and Early Chid' Losses in the Ant..-ctic Petrelond Southom Fulmor. Tho Rolo of tho South Pal..- SkU>(ASAC_l64] ·~ 
M-ore on this record 

-----------,------·-------·-··----··------·---·- ·········-·---·---·--·-----·-- ..... ···········-··-: 
OceaDocraphy · Zooplankton D~ta for Antarctica from the lnstituto Antartico ArcentiDo (IA..\Ol9) 
More on tius record 

Adelie Penpin Diet~ry Data Fl"om Edmonson Point. Antarctiu (Adelie_dier_EDPJ 
More on this ecord 

'0 

Ade:lie Peu"lln Diet;u-y Daca From Shirley Island Antantic:a fAdelie_diet_SIJ 
More on this record 
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Figure 5. Using the GCMD Antarctic Data Documenter to describe a data set. 

Figure Sa. To begin, the user enters in an abbreviated and easily remembered identifier 
for the record. 

Antarctic Data Documenter 

Enter a dab set identifitr for the data set you plan to describe or for an existing 
description that you previously started 

IMCMUROO_l TER_ TEMPS 

**Remember dus tdennfier rf you would hk.e to firush or update the docwnentatlon a1 a later nme •• 

You may also un on~ of the GC~~ID tool.! btlow 

ttC="I:MII1 ·~r::l!·11lii1 ullli!ill· 1 'illn~en:¥· 11 *~&5Mf''¢i'@Jf* ~1 • 1a.1mlll· 1:l· Jlilj0·ili+'ri.all:11U'til'l· .. 10 
Build a dala set description wilh Modify a previously submilled Describe satelliteo, senson, dala 

required fields only. description. centers or projects. 

Figures Sb. The user has entered in a title for the description and is adding science 
arameter ke words to the record. 

Antarctic Data Documenter 
c---~------------~~~~~~------~m~suu~c·~·o~n•~-----------------·-----------------~ 

tqwre rl Data Set OriPn Access 
lai Entry Identifier 0 Ia Data Set Citaoon 0 Ia Access Constraints 0 
lai EntryTII!e O Ia Persomei O Ia Use Constraints O 
t. ~ 0 Ia Source and Sensor 0 Ia Media and Fees 0 
t. Data'.:!enter 0 Ia Project 0 Ia Data Sample 0 
t. Summary O io IDNNode O io ~0 
t. Document Author 0 Ia Parent Record 0 Ia Related URL 0 

!:nt.ry_ID: I!.C!IUPJ>O_L UR_U!IPS 
!:nt.ry_Tit.le : PJ:ont.hly Temperat.ure Ds t. a toe ftcnucdo Dry 
alleys S t.a t.lon t:r om t.he Lono Te rm tcolOQ'lCa l Re~earch 

(L TtR) Project 

Save current fields as apusonaJjud umplau 0 
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Figure 5. continued. 

Fi ure Sc and d. Parameters are chosen and recorded in the document window . 
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• 
Antarctic Doto Documenter 

AThiOSPHERICTEMPERATURE > POTENllAL TEMPERATURE 
AThiOSPHERICTEMPERATURE >SKIN TEMPERATURE 

• AThiOSPHERICTEMPERATURE >STATIC TEMPERATURE 

• 
eqwred 

ATMOSPHERIC TEMPERATURE > SURFACE AIR TEMPERATURE 
ATMOSPHERIC TEMPERATURE > TEMPERATURE ANOMALIES 
AThiOSPHERICTEMPERATURE >TEMPERATURE PROFILES 
A ThiOSPHERIC TEMPERATURE > TEMPERA lURE TENDENCY .::J 

Antarctic Data Doc umenter 
Instruetions 

Daca S•t Oricin Desc:nptors 
\.11' Erury Identifier 0 
1.11' Erurv1i!k 0 

lo Data Set Citation 0 

lo Persomel 0 
lo ~d Sensor 0 
lo Pro1ect O 

lo~o 
lo Temporal Coverw 0 

lo Geo-location 0 \.11' Paramet<rs 0 
la Data Center 0 
la Summary O lo IDNNode O 
La Document Author 0 lo Parent Record 0 

Group : Parame t- e r ~ 

Ca t.egocy: EARTH !SCIENCE 
Topic: ATl'IOSPHlRl 
Term: .lT"~PH!RIC TIBPER.lTURl 
Va.r1ab1 e: : :!!URT J.C[ J.IR T!!IPIR..lTURl 

Group: Paramet-ers 
Ca t e gory: I lRTH SCIINCI 
Top1c: lTI'IOSPH[Rl 
Term: J.TKOSPKI:RIC Tl:I!PERJ.TURE 

lo Data R .. olullon 0 
lo~o 
lo Reference 0 
lo Data Set Prosrm 0 

lo Review and Reruion 0 

Acnss 

lo Access Constraints 0 
lo Use Constraint> 0 
lo Media and Fees 0 
lo Data Sample 0 
lo~o 
lo Related URL 0 



USING THE INTERNET FOR THE MAINTENANCE AND DISTRIBUTION OF 
DATA AND OUT-OF-PRINT PUBLICATIONS AT THE KANSAS 

GEOLOGICAL SURVEY 

Dana Adkins-Heljeson and Janice Sorensen 
Kansas Geological Survey 

Lawrence, KS 66047 
dana@kgs.ku.edu 

Abstract- The Kansas Geological Survey has been distributing data over the WWW since 1995. While 
early web pages focused on educational information and news (contact lists, news releases) , we have 
worked to add data from our oil and gas and water-well databases and to add selected out-of-print 
publications to the web site. Adding raw data to the web site was faci litated through the use of relational 
databases and a consistent use of the Internet as the only interface to the data. 

Out-of-print publications that are major geologic works for counties are OCR'd and turned into 
web pages. Scanning and checking the text takes a student only a few days; typing in tables of data takes 
longer but is done to add as much of the publication as possible. Large sheets are not done at this time, 
though Acrobat PDF files might be used in the future. With minimal investments in equipment (less than 
$1000 for a PC and scanner) and students, a large number of scans and raw data can be added to a web site. 

INTRODUCTION 

This paper presents an overview of the progress 
that the Kansas Geological Survey has made 
over the past few years in adding data and 
publications to its web site. Data from water 
wells, and oil and gas wells are added both 
digitally and through scanned forms submitted to 
the state. Out-of-print publications that are the 
major references on Kansas counties are placed 
online as HTML web pages. 

HISTORY 

The Kansas Geological Survey started its web 
site in 1995 as a place to keep track of staff 
phone lists and news releases, and as a 
distribution site for Kansas GIS data. Averaging 
500 hits a week, the web site was enhanced by 
the addition of several educational publications. 
Even though the publications were not out-of
print, they were put onto the web site to reach a 
larger audience and make a visit to our web site 
more rewarding. 

The Sea to Prairie book (figure 1, left) was 
placed online as a direct web copy of the book. 
The text and figures were placed online as 
HTML in the same order as they appear in the 
paper version. The Ancient Life in Kansas 
Rocks (figure l , right) book was rearranged for 
its online presentation. All of the same photo 
fossil photos were used, but the order was 
adjusted to better suit web browsing. 

A third educational web site was created wholly 
new for the KGS' web prescence. A map of 
Kansas physiographic provinces was linked to 
scenic photos. This set of web pages is very 
popular with visitors, and it is one of our most 
linked-to web pages. 

DATABASE INTEGRATION 

Another area of the web site concerned 
distribution of data. Funding from the U.S. 
Dept. of Energy made oil and gas data some of 
the first sets chosen for web display. The Digital 
Petroleum Atlas (figure 2) displayed structure 
maps of several counties and linked those 
counties to information on the oil and gas fields. 
One field in each county was chosen as an 
analog to different producing zones in Kansas, 
and those fields contain links to information on 
each well. 

However, while pages could be made easily for 
fields containing 30 wells, manual maintenance 
was difficult on fields of hundreds of wells, and 
impossible for fields with thousands of wells . 
This led us to consider using a database to store 
data and create web pages. 

At the same time, a method was needed to 
distribute water-well data to the public. While 
the KGS has no regulatory responsibility, we are 
the end repository for the water-well forms 
submitted to the state. We decided to start 
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Figure 1-Screen dumps showing two of the Survey's educational publications. Online at 
http://www .kgs.ku.edu/General/ educatlndex.html. 

W~ b F10nS.. b Pmirie: A PriMao/Jea.M.O.olDSY. wriUeabyC.then. S. £ ...... 'T\t$.e ,.a tri1 
illlbocbt yo•lo I» .aa.c. olpoJocyud llreVIIiedp>bgllld.llladtct~ olK.asM.. 

n.taJiliNwtsil:)aifbutdoaabook...u.bltQo• fromtNK.-..O.OJccbl5wvty. lfyoo.mm&t.ultdi». 
pu:llllacteopy. ctD tbt KOS PltttltfW s.:u oCnrt at (71$~ 164.•.5tl'ld¥tf'OJ~ioN1Strits 6."n. 
priu it~. OdlntdptiqMJ sdt&;"i'Jt• • U.O_...Ih>M 1N X..• Otol:>prtJ Swny. 

~-1-u.m:-.-.1 , ...... ,c. .... ., . ., ... ,~..=:., I Quat.....,., 
ldolaothoJ.S.. ob<rnia 11>o""" pholo(pl>olo oJichlly~ io ononiUclbnoNopo<I&Jd io -6<1 willo 
blpJMJMIIatrd!Atelt'iel ia IN SuperOnilyEa1tle-l""- TMy hrYio muy tirtar~n.tw._ bur: lllif gtii.~K 
COIIIIDOalydirplt)'Jaknrc:lcntllfbld.aMwaJt\lruk~».(S1U.tont..imN:a., UpperPt~~ 

Figure 2-Example pages from the Digital Petroleum Atlas. Online at 
http://www .kgs.ku.edu/DP A/index.htrnl. 
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Figure 3-Left is a set of wells found by a search; right is a sample scan. A set of wells can be saved 
to an ASCII file. Online at http://magellan.kgs.ku.edu/WaterWell/. 

Figure 4-Map showing status of county bulletins. Counties in white have a major reference that is 
still in print, and they are not part of this study. (Status as ofNov. 1, 2001.) 

[] Main Re~erence 
·· out-of-prmt [ill In Preparation fm Out-of-print 

Placed Online 
~ Nothing 
~ Available 
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scanning the forms as they came in, allowing us 
to type in fewer data items (especially fuzzy 
items like driller's logs that are very difficult to 
quantify for a database) . Web pages are created 
by Oracle for data entry by KGS staff and data 
display by the public (figure 3). The pages can 
be viewed by any browser; scans are saved as 72 
dpi GIFs and 300 dpi black-and-white TIF files . 

Thus the database is used to server two kinds of 
web pages. Tabular data that we are mandated to 
keep and distribute, such as well locations, water 
levels, oil and gas production, rock and mineral 
quarries, and bibliographic lists can be queried 
over the web and released to visitors from all 
over the world. The database also makes web 
pages at our convenience, assembling tabular 
data, scans, and photos, and archive lists from 
many sources to make pages for oil and gas 
wells in the DP A. 

The other benefit of using the database to create 
pages for the DPA is that maintenance is 
distributed. If pages are made by hand for the 
Atlas, we must acquire the information, format it 
for the web, and create the pages. We must also 
monitor the databases to see when pages need to 
be replaced. When the database creates the web 
pages, the groups at the KGS and at other 
agencies that own and maintain the data do the 
work for us. 

OUT-OF-PRINT BULLETINS 

Another area where the web has assisted in 
distributing information is with out-of-print 
books. For many counties in Kansas, the main 
reference work is out-of-print and is old enough 
that the cost to reprint the book would be 
exorbitant. Loan copies from our library are 
beginning to fall apart and are in constant 
demand. Thus a project to scan and place online 
a pair of county bulletins was started. To start, 
we identified the status of major reference works 
for counties in Kansas. 

Figure 4 shows the status of major reference 
works for the state. The study looked only at 
major reference texts, not mapping status. 
Counties filled with white have a major reference 
that is still in print; thus they were not 
considered for the project. Counties with a 
diagonal pattern have no major reference 
available, so they are candidates for new 
research. The others have a major reference text, 
but it is currently out-of-print. As shown on the 
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map, eight counties have been place online 
(seven different texts) . Seven others have been 
scanned (text only) and are awaiting conversion. 
Many others (the dot pattern) are still awaiting 
work. 

In addition , we identified criteria for deciding 
which county should be worked on: 

• critical need for information; 
• water-resource issues; 
• strong growth; 
• large populations; 
• environmental concerns; 
• continued loan demand. 

We t hose Douglas County (our home base and 
the home of the University of Kansas) and 
Sedgwick County (home of Wichita, the largest 
city in the state) for processing. We moved onto 
counties in a broad area of the state. We also 
chose to do Reno County, where a natural gas 
explosion made geological information a critical 
need. 

PROCESSING 

The text was scanned, run through an optical
character-recognition (OCR) program, and laid 
out in HTML. Proofreading was found to be 
very important after the OCR process. The 
computer created typos differently than human 
typists. The older books often use small fonts 
with very thin strokes. Depending on the 
scanning software and the condition of the 
original, words like "north-south" can become 
"nortli-sotitli," "Permian" can become 
"Periiiian," and "by" can become "bv." 
Reference initials involving a capital letter "0" 
would suddenly include a zero. 

The OCR and proofing process takes only 4-6 
days per book with an experienced student. 
Large tables of data (water-well lists, chemical 
analyses) are typed into Excel directly because 
the OCR system did not work well on the tables, 
and the HTML can be created by Excel from the 
tabular data very quickly. The text is not 
updated during this process, though the KGS 
editing staff often goes over the text after the 
pages are created and suggests improvements. 

The books are laid out in a two-column HTML 
format (figure 5). The smaller column on the left 
is a menu of the sections in the book. The right 
column contains the text and figures. Unlike 



Figure 5--Sample web page from the Chase County bulletin. The column on the left is has a light 
blue background and contains a menu area. 

Chase County Growv:i Water, continued 
hev p..,. Growu:!-water R.ecMnre l Nex1 Pa. .. --A~ility 

Discharge of Subsurface Water 

Discharge of subsurface water Ms been divided by Meinzer (1923, pp. 48-
56) into growu:!-water discharge (discharge of water from tM zone of 
saturation) and vadose-water dischaJ&e (discharge of soil water not derived 
from tM zone of saturation) . Orowv:i water also moves out of Chase 
County by slilsurfoce pen:olation in both tM consolidated and 
unconsolidated rocks, eventually to be discharged by ovaporation or 
transpiration or through spri.ng:o and seeps or w.lls. 

Enporation and Trarupiration 
Water is lost to tM atmosphere diractly from the soil zone and zone of 
vadose water by evaporation. Also through the process of transpiration, 
plants discharge large quantities of water to the atmosphere from the 
vadose zone. The use of soil water is of great importance to agriculture for 
crops in most areas of Chase County are dependent on this type of water 
for growth, but significant amounts of growv:i water from the capillary 
fringl! ard, to a lesser ex1ent, from the zone of saturation, are discharged by 
transpiration in all the valley areas by trees, alfalfa, and other plants. 

In the upland areas considerable amounts of water from water-bearing 
limestone beds are transmitted into surfiCial slope deposits whe10 the 
water is 10mavod by <Vllporation and transpiration. Little or no growv:i 
water is lost to plants in the upland areas except by seepage along the 
outcrop of water-bearing limestones, as the uplands are almost entirely 
devoid of trees or other deep-rooted plants, the v.getativo cov.r consisting 
almost entirelyofnativo grasses. 

Springs and Seeps 

The flow of Jack Spring in sec . 25, T. 22 S., R. 7 E. (Teble 6, Pl. 6A) was 
measured on October 29, 1947, during a low flow stage by W. W. Wilson 
and determined to be disc~ growv:i water at the rate of 9 5 gallons per 
minute, or ebout 50 million gallons per year. During moch of the year, the 
rate of dischaJ&e is considerably more than 9 5 gallons per minute. This was 
the largest spring measured in Chase County, but numerous other spri.ng:o, 
mostly of smaller si:!;e, we10 noted. The rocks included within the Chase 
group, especially in the southwest quarter ofthe county, supply water to 
the largest, most deperdeblo spri.ng:o. Spri.ng:o in other sections of the 
county emerging from rocks of the Admire and Council Orov. groups, as • 
rule, are not as large or dependoble . Throughout the county certain 
limestone formetions are charectemed by aline of shrubs and green 
v.getation along their line of outcrop. This growth is made possillo by the 
seepage water tMt emerges along the line of outcrop, thus providing • 
steady, deperdeblo water supply for the plants. A short distance ebov. 
and below the limestone outcrop only nativo grasses are present . 

T .. le 6--Yields of four ofthe largest spri.ng:o inCMse County. 

G[u•~tion ;:~~•rl / - _ Aq~r ~ 
~~~~~=~~ J~~~~,:.~~~E.)I __ 15• ____ IErefo~~st~~ 
: l~_k:~~- J~~~t~i_EJ __ 34~~ _ _! F~t~~~t~~~ 
. l~r.=.~s.:.~.:~:~~!r?~; :! 95- l~t~~~st~"'' 
t~~ Springt1[f~·;ecR 1~-~ w• , !;~~;:;~:tonel 
J.'.~~-'=,-=,_,;L .. :,_,=":"~-:.. . .... J.~"~~~==-------1 

• Estimated flow Sept. 20, 1947. 
•• Measured by W. W. Wilson, Oct . 29, 1947. 
t Chemical analysis of water givon in~-
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Figure 6-Most large cross sections and plates are not placed online because too much re-drawing is 
needed. This section from Reno County was changed from pen patterns to colors and is a 20-inch
wide figure. 
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many of our web pages, the tables are a fixed 
width. This is more formal than a web page 
where the text retlows as the window size 
changes size, and seemed to fit the books 
involved, and also makes printing the pages 
easy. The narrow column is much easier to read. 
Figures and tables placed inline are limited to 
360 pixels in width. If additional width is 
needed, larger figures and wide tables can be 
placed on separate web pages. 

Turning the text files into web pages takes 3-4 
days. Another week can be spent on scanning 
and cleanjng figures. Sometimes the figures 
scan and convert to GIS very easily; sometimes 
a lot of cleaning and re-drawing is necessary to 
make readable figures (figure 6). The resolution 
of web graphics is limited to 72 dpi, but color 
can be used to replace fine pen patterns. 

While we've chosen to use HTML to place these 
books online, Adobe Acrobat PDF is an 
alternative. PDF supports higher resolutio·n 
figures, so no-redrawing would be necessary. 
The entire book can be placed in one file, so 
printing the entire test would be more 
convenient. However, more work would needed 
to lay out the text in PageMaker, Word, or some 
other program before a PDF could be made. 
Acrobat uses a free plug-in, but plug-ins are 
user-unfriendly and need to be updated 
periodically. PDF files are often not indexed by 
web searchers. Acrobat is used by the KGS 
when books are already laid out, but was not 
seen as a good solution for the out-of-print 
project. 

ADKJNS-HEUESON and SORENSEN 

TECHNOLOGY 

Computer hardware requirements for this project 
have been minimal. The first books were 
produced on equipment we purchased for other 
projects, and was more than suitable. New PC 
equipment was authorized last year. 

OriginalEquipiOent 
6-year-old Mac 9500 
5-year-old HP ScanJet4c 
Photoshop LE 
OmniPage Light 
Microsoft Word 98 

Newly Authorized EquipiOent 
Dell OptiPlex GXllO (Pentium III) 
Acer ScartPrisa 620P 
TextBridge OCR software 
Photoshop 6 
Microsoft Office 2000 
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VISITS 

Analyzing how effective or useful these bulletins 
are to visitors is difficult. Figure 7 shows the 
number of visits to the web pages that make up 
each book. No images are included in the 
counts. Figure 8 shows the same data, but the 
total number of web visits is divided by the 
number of web pages that make up each county 
web site. 

In raw numbers, the Sedgwick County bulletin 
had 1300 visits in August, while Riley and 
Douglas had around 650. However, after 
normalization, all of the bulletins have about the 
same number of visits. The Sedgwick County 
bulletin has more visits merely because it has 
been split into more web pages. The normalized 
values have grown from 10 a month to 20 a 
month over the year and a half that the bulletins 
have come online. If we try to track actual 
visitors, only one or two web visitors a month 
seem to read a set of pages. Most people jump 
into a page, examine it, and then jump back out. 

The most popular databases are shown in figure 
9. Oil and gas lease production is the most 
popular database, and has been since becoming 
public. The water well (WWC5) and water 
level (Wizard) are also very popular, though 
their popularity is more seasonal. For example 
the Wizard database is very popular in winter 
after the new water-level measurements are 
added. It is also popular in the late summer as 
the winter field season is being planned. 

In addition to allowing visitors to view data over 
the web, our web pages can create ASCII files of 
the data selected. Hundreds of these comma
delimited files are created each month. Files 

162 

containing oil and gas well-header information 
and tops data are the most popular files made 
each month. 

CONCLUSIONS 

At the Kansas Geological Survey, we've found 
that the web is an effective tool for database 
maintenance. Moving databases off individual 
researcher's PCs and integrating them into a 
consistent format has been very successful. A 
powerful, server-level database is required to 
accomplish this, which can be beyond the 
budgets of many organizations. However. 
retrieving data from databases for web 
presentation is not necessarily very expensive. 

Scanned forms can be easily distributed using 
database and web. Adding the scanned forms 
allows visitors to view data not easily 
quantifiable, and limits the amount of data entry 
that needs to be done. 72 dpi gray-scale GIF 
files are very suitable for web display; 300 dpi 
black-and-white TIF files are suitable for archive 
use. The TIF files can be placed in PK-ZIP 
archives to save space. 

Out-of-print publications are often the only 
resource available for many areas of Kansas. 
Placing these bulletins online has been a quick 
and low-budget project. While we have chosen 
HTML pages for display, Acrobat PDF files 
might be cost effective if the publications are 
already in electronic format and are already laid 
out in a complex format. If not, web pages 
displaying the text of the documents is a great 
al ternative. Small figures can be added with 
minimal editing, though added time spent in 
optimizing the figures pays off for the reader. 



.... 
0'1 
w 

Figure 7-Total number of visits to web pages for each county bulletin. 
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Figure 8- Normalized number of visits to web pages for each county bulletin, created by dividing the 
total number of visits by the number of web pages used to create the bulletin. 
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Figure 9- Oil and gas data for leases, wells, and fields are the most popular data bases visited each 
month. Water wells and water levels are also popular. Other sets not shown on this chart are the 
bibliography of Kansas geology and the KGS publications catalog. 
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GIS PRESERVATION FORUM 
November 5, 2001 

Presiding: Preservation Committee Chair, Elaine Clement 
Kresge Physical Sciences Library 

Dartmouth College 
Hanover, NH 

The first part of the forum was a formal 
presentation from Victoria Bunting, Assistant 

· Conservator at the Northeast Document 
Conservation Center (NEDCC) . She called her 
talk "Preservation of Oversize Maps." First, she 
gave a description of the Center. It began as the 
New England Document Conservation Center in 
1973 at the Philips Academy in Andover, 
Massachusetts . In 1991 , it moved to a new 
facility. The NEDCC is the largest non-profit 
regional conservation center in the United States. 
A staff of forty conservators, archivists, and 
librarians preserve paper, books, photographs, 
and maps for a wide range of collections. The 
center also makes copies of photographs, does 
preservation microfilming, and provides surveys, 
consultations, workshops, and disaster 
assistance. 

Most of the presentation was a series of slides on 
map conservation. Bunting talked a little about 
each map, its problems, and the treatments that 

were chosen. One example was the work that 
NEDCC did for the Olmsted National Historical 
Site's collection of architectural drawings and 
landscape plans. Afterwards she answered 
questions about the maps and services of the 
NEDCC. 

The second part of the forum was a discussion of 
pilot projects to preserve field trip guidebooks. 
Some of the discussion concerned the 
distribution of the Geological Society of 
America Annual Meeting guidebooks. GSA 
was starting to publish most of the field trips for 
each Annual Meeting together in one 
guidebook, but that did not happen for the 
Boston meeting. Instead they were published 
locally and not widely distributed. 

There was a short description of a spatial 
indexing project in which a field trip leader 
could find guidebooks by clicking on a map of 
polygons enclosing previous field trip areas. 
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GIS GEOREF USERS GROUP MEETING 
November S, 2001 

Presiding: Nancy Blair 
U.S. Geological Survey Library 

Reston, VA 

Sharon Tahirkheli, GeoRef Director, gave her 
annual report of developments in GeoRef. 
GeoRef Previews (www.georef.org) has a new 
interface. Each vendor receives the corrections. 
Some do not load the corrections often. OCLC 
does. 

There will be a 5% price increase in GeoRef in 
2002. Vendors may charge more. 

AGI can use G-cubed abstracts, but EOS 
abstracts must be input by AGI. They do not 
appear in GeoRef quickly. 

Users can request document delivery of Russian 
and Chinese literature through GeoRefs 
partners. The Russian documents come within 
days; the Chinese documents take two weeks. 

AGI has taken over the production of the Cold 
Regions Bibliography from the Library of 
Congress. There will be a subscription charge to 
access the database starting with 2002. 

There were some questions about GeoRefs 
coverage. Parts B and C of the Journal of 
Geophysical Research are indexed, but the space 
physics and planetary sections are not included. 
AGI receives direct notification of the official 
publications of the US Geological Survey in 
paper, microfiche, and Web formats to prepare 
the Monthly List of Publications of the US 
Geological Survey . "Rogue servers" are missed. 
Users can send GeoRefthe address of any 
missed Web publications. GeoRefwill ask the 
appropriate office if the publication can be cited. 
Fact sheets are indexed. 

The second part of the meeting was a 
presentation on how the USGS Library decided 
on a new GeoRef vendor. Test access of 
GeoRef was obtained from Cambridge Scientific 
Abstracts, the Community of Science, EBSCO, 
and SilverPlatter Ovid. About 40 end-users 
tested the interfaces for two months. A new 
platform was chosen, and the other vendors were 
notified that their platforms were not chosen. 
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GIS COLLECTION DEVELOPMENT FORUM 
November 6, 2001 

Presiding: Collection Development Committee Chai r, Charlotte Derksen 
Branner Earth Sciences Library and Map Collections 

Stanford University 
Stanford, CA 

The forum had three speakers. The first speaker, 
Judy Holoviak from the American Geophysical 
Union (AGU), made a presentation on campus
wide site licenses for AGU journal titles. 80% of 
the papers over the last 25 years are not in a 
digital file. However, Water Resources 
Research was always produced electronically. 

Subscribers provide 25% of the Society's 
income. AGU wanted to retain a member focus 
for the journals. Over the last year, members had 
free access to the experimental version of the 
electronic journals. Images of the printed 
journals were scanned during 2001 and made 
available by password only. As of 1/01/02, the 
SGML version of each AGU journal will be the 
journal of record . Articles will appear online 
when they are ready. The paper issue of the 
journal of Geophysical Research for January 
2002 will be compiled from articles that 
appeared online in that month. The issue will be 
published in February. 

The electronic journals may have supplementary 
material that will not appear in the paper 
editions. Some articles may have color 
illustrations online but black and white versions 
in the paper issues. The authors have a choice. 

The online PDF articles will not have page 
numbers . Instead, citations will refer to the 
digital online identifiers (DOis) of the articles. 
There will be page numbering within an article. 

The license for AGU e-journal access by 
institutions will be available on the Web. It 
allows for continual access. AGU guarantees 
maintenance of the archive, which is funded by 
an endowment. Educational uses are allowed. 
Interlibrary loan of print versions of journals is 
allowed. Course-pack use will require 
permission. 

Access to AGU e-journals will be controlled by 
IP address. AGU is willing to listen to library 
community on what type of usage statistics they 
would like. However, individual negotiation of 
licenses drives up costs. 

Pricing is designed to be revenue neutral to 
AGU. Prices are arranged in a tiered fashion 
similar to the Carnegie academic institution 
classification scheme. Category 5 (large 
academic institutions) pay 2.3 times the print 
cost. Category 4 (doctoral degree institutions) 
pay 1.5 times the print cost. Category 3 
subscribers pay the print cost. Category 2 (small 
institutions) pay half the print cost. Libraries can 
become institutional members of AGU for $650 
and get a 10% discount on journals. 

After this presentation, there were a few 
questions about the new access and other AGU 
publications. Tables of contents of the electronic 
journals will be free, though abstracts won't, at 
least initially. First-year subscribers to the 
online product will get credit for their print 
subscription. Subscribers in 2002 will also get 
access to some earlier electronic content, 
primarily scanned issues. EOS abstracts will 
come online in 2002, but print subscribers will 
still get the bound volumes of abstracts. EOS 
papers will not be available electronically. The 
membership directory will still be available only 
to personal members . 

Sally Scott presented her study of monograph 
use at the University of Wyoming next. The 
paper is included after this summary of the 
Forum. 

Michael Noga presented his yearly report on 
geoscience serial prices 

173 





MONOGRAPH USE IN SELECTED SCIENCE DISCIPLINES 
AT THE UNIVERSITY OF WYOMING 

Sally J. Scott 
Brinkerhoff Earth Resources Information Center 

University of Wyoming 
P.O. Box 3006 

Laramie, WY 82071 

INTRODUCTION 

At the University of Wyoming, subject 
bibliographers manage both serial and 
monograph expenditures within each 
departmental budget. Monographs 
generally are purchased with whatever 
funds remain after the serials in each 
discipline are covered. In addition, 
there are two interdisciplinary budgets 
for the acquisition of monograph titles 
of interest to multiple academic 
departments. Persistent inflation and 
limited increases in funding lead to 
serial cancellations for many 
disciplines, which also severely curtail 
the purchase of monographs. Scientists 
are reputed to prefer the currency of the 
journal literature to the potentially dated 
monograph literature. 

For nearly a decade the Library has 
regularly assessed the use of the 
periodicals. There has been no similar 
monitoring of monograph use. The 
purpose of this study was to evaluate 
the use of monographs purchased from 
selected disciplinary and 
interdisciplinary budgets to ascertain 
the relative value of monographs to the 
Library collections. 

METHODOLOGY 

I have always kept lists of the 
monographs I have ordered for each 
budget. The books on these lists could 
be considered mini-collections with the 
approximate length of possible use 
defined. We had no automated 
reporting method available for 
recording use statistics prior to July, 
2000, when we migrated to the Voyager 
system. For this study, I manually 
recorded the use shown by the date-due 
stamps in the books, noting the 

month/year of use, number of uses, and 
interlibrary loan use. The data were 
gathered through the summer of2001, 
when most of the materials were not 
being used. I had to wait for those 
items in use to be returned. In a few 
cases, I finally had to recall them in 
order to complete the study by October. 

Several variables and situations made it 
difficult to obtain a perfect count. (1) 
Without access to acquisition records, I 
could not know exactly when an item 
was received. (2) The date-due 
recorded did not reflect renewals, which 
could be done by phone or online. 
Long-term use by one patron reduced 
the potential number of users for that 
item. (3) In-house use was not 
recorded, although one would expect 
that to be considerably less for 
monographs than for periodicals. (4) 
There was no evidence of the status of 
the user- faculty or student. (5) The 
circulation staffs were not always 
diligent about stamping the book, which 
I discovered when a few items were 
returned with no date. There was no 
way to know how frequently this may 
have happened. 

Two budget lists from 1995 -Plant, 
Soil, and Insect Sciences (PSIS); 
Science Interdisciplinary- and two 
from 1999 - Renewable Resources 
(RERE); Geology & Geophysics- were 
evaluated. In 1998 Plant Sciences 
became a separate department. The 
Department of Rangeland Ecology and 
Watershed Management was merged 
with soils and insect sciences to become 
the Department of Renewable 
Resources. In order to compare the 
PSIS and RERE lists, I evaluated only 
the soils and entomology books from 
the PSIS budget. This comparison 
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proved to be impossible, however, 
because I could not remove the 
Range/Watershed items from the RERE 
list and no entomology titles were 
ordered that year. 

For each budget I recorded the number 
and percent of uses, the median and 
average number of uses, and any 
interlibrary loan uses . For the PSIS and 
Science Interdisciplinary titles I 
evaluated the use over time. I 
compared all four budgets for use over 
the first two years. I noted for each list 
any subjects that were more or less 
heavily used. 

RESULTS 

The results are displayed in the 
accompanying graphs. 

The Science Interdisciplinary budget 
is managed by the Head of Science 
Reference with input from other science 
librarians. The academic faculty 
generally have no voice in the 
expenditure of this budget. These titles 
(Figure 1) received the most use over 
time of the four investigated lists . They 
also had the lowest percentage (6%) of 
no use recorded. The median was 8 
uses. One might be inclined to suggest 
that the librarians were more effective 
at selecting useful monographs than the 
faculty. However, because these titles 
were of interest to several academic 
disciplines, one would expect them to 
have been more heavily used. This is 
also reflected in the heavy use of titles 
related to ecology, a very 
interdisciplinary subject. 

The Soils/Insect Sciences titles (Figure 
2) from the PSIS list included 11 % that 
were never used. They were all highly 
specialized entomology books. The 
soils and ecology titles were heavily 
used, reflecting their importance to 
many different disciplines, including 
geography, geology, and natural 
resources. The median was 6 uses. 

The Renewable Resources titles 
(Figure 3) included 35% that were 
never used. Because this evaluation 

covered only two years, one would 
assume the use of those titles would 
increase over time. However, a check 
of Figure 5, which compares all four 
lists for two years, shows that 35% was 
still much higher than the no use record 
for Science Interdisciplinary and 
Soils/Entomology. No entomology 
books were ordered that year; the 
subjects of the unused titles varied. 
Again, ecology-related titles received 
the most use. The median was 3 uses . 

The Geology & Geophysics titles 
(Figure 4) included 47% that were 
never used. These included 
oceanography, the geology of specific 
countries, paleoclimatology, structural 
geology, paleontology, seismology, and 
petroleum. More heavily used areas 
were in geophysics, geomagnetism, 
hydrology, and metamorphic geology. 
This use pattern probably reflects the 
fact that geology includes many highly 
specific sub-disciplines of interest to 
only a few of the faculty and students 
within the department and little that is 
of interdisciplinary interest to the rest of 
the University. The median was 3 uses. 

Figure 5 compares the use during the 
first two years for all the lists. It shows 
that nonuse was considerably higher for 
RERE and Geology than for 
Soils/Entomology or Science 
Interdisciplinary. However, it also 
shows that the nonuse percentage for 
Soils/Entomology dropped from 22% to 
11 % over time and for Science 
Interdisciplinary from 10% to 6%. It is, 
therefore, likely that the other two 
percentages would also drop over 
another five years. 

Figure 6 illustrates the overall decline in 
use for Soils/Entomology and Science 
Interdisciplinary over the seven years. 
The decline is remarkably similar for 
both groups. 

In summary, I looked at 379 titles, of 
which 35% had no evidence of use. 
Without the geology list, the total was 
165 titles, of which 16% were not used. 
Surprisingly, only six books had been 
lost. 



CONCLUSIONS 

It is apparent that the monographs were 
used, but that use was highly variable. 
Books with the broadest appeal to the 
more interdisciplinary subjects had the 
heaviest use. Highly specialized titles 
had limited use, if any. Use decreased 
over time, which likely reflects the 
tendency to seek the most current 
information. 

Bibliographers need to understand their 
collections and users and to be more 
discriminating in selecting monographs. 
The may be difficult, because faculty 
expect libraries to support their research 
regardless of how specialized that may 
be. However, when books requested by 
faculty are shown to have received no 
use at all, one questions the necessity of 
purchasing every request. 

At the University of Wyoming, I would 
suggest that more funds be allotted to 
the interdisciplinary budgets with more 

SCOIT 

cooperation among bibliographers in 
selecting titles to be purchased from 
those funds. 

This study raised more questions than it 
answered and is only the beginning of 
what should be a long-term, continuing 
evaluation of our monograph use. We 
will be able to generate regular 
automated reports on usage with the 
Voyager system. Most importantly, this 
also will provide us with information on 
user status. 

I intend to recheck the use of the 
geology titles on the list when an 
additional year has elapsed. I will also 
check the entire collection for use in 
subject areas, such as oceanography, 
which received no use in this study, to 
determine the importance of those 
subjects to the users. 

When responding to the pressure to 
increase our support for the serial 
literature, we need to be cognizant of 
the value of our monograph collections 
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Figure 1. Science Interdisciplinary Monograph Use 1995-2001 
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Figure 2. Soils/Entomology Monograph Use 1995-2001 
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Figure 3. Renewable Resources Monograph Use 1999-2001 
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Figure 4. Geology & Geophysics Monograph Use 1999-2001 
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Figure 5. Use During First Two Years 
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Geoscience Serial Prices 2001 

Title 1993 1994 1995 1996 1997 1998 1999 2000 2001 %chg99/00 %chg 00/01 Pub 

AAPG Bulletin 135 135 135 140 140 140 280 280 280 0 0.0 AAPG 
AAPG Explorer 30 45 50 50 50 50 50 55 55 10 0.0 AAPG 
American Mineralogist 225 250 270 295 320 320 430 430 480 0 11 .6 MSA 
Annales de Paleontologie 310 318 377 379 372 n/a 407 427 455 4.9 6.6 ELS 
Annales Geophysicae 721 597 675 1001 1124 1124 1368 1461 1561 6.8 6.8 SPV 
Antarctic Science 151 156 164 178 236 322 330 340 340 3 0.0 CUP 
Applied Geochemistry 300 300 329 385 430 499 584 657 823 12.5 25.3 ELS 
Arctic and Antarctic Alpine Res 70 75 75 80 90 90 95 100 100 5.2 0.0 INST 
Australian Journal of Earth Sci 290 325 349 385 513 560 590 640 685 8.5 7.0 BSP 
Basin Research 209 190 208 269 340 540 592 585 585 -1.2 0.0 BSP 
Biogeochemistry 598 542 628 830 874 874 990 1046 1309 5.7 25.1 KLU 
Boreas 142 127 143 172 179 189 199 210 215 5.5 2.4 SUP 
Bulletin of Eng Geol and the Envt 85 80 90 n/a n/a n/a 265 279 298 5.3 6.8 SPV 
Bulletin of the Seismol Soc of Am 125 135 135 260 260 270 280 300 320 7.1 6.7 SSA 
Bulletin of Volcanology 470 477 508 558 596 596 682 729 778 6.9 6.7 SPV 
California Geology 10 10 10 10 10 12 12 12 12 0 0.0 CDMG 
Canadian Journal of Earth Sci 335 365 398 455 510 556 612 655 655 7 0.0 NRC 
Canadian Mineralogist 195 250 280 295 310 310 340 340 340 0 0.0 MAC 
Carbonates and Evaporites 50 50 52 54 57 61 61 61 65 0 6.6 NESF 
CATENA 332 363 551 704 787 810 784 917 979 17 6.8 ELS 
Chemical Geology 1447 1626 1814 2261 2444 2457 2379 2558 2973 7.5 16.2 ELS 
Clay Minerals 150 150 155 155 160 175 191 208 208 8.9 0.0 MinSoc 
Clays and Clay Minerals 135 140 145 165 185 190 195 200 205 2.5 2.5 CMS 
Comptes Rendus de Ac Sci: E P Sci n/a n/a n/a n/a 589 614 598 636 662 6.4 4.1 ELS 
Computers & Geosciences 938 930 1006 1177 1355 1443 1454 1563 1668 7.5 6.7 ELS 
Continental Shelf Research 713 760 842 1010 1162 1312 1370 1473 1644 7.5 11.6 ELS 
Contrib of Mineral & Petrology 2043 2174 2236 2796 2707 2707 2811 2910 3055 3.5 5.0 SPV 
Cretaceous Research 330 383 465 448 555 579 675 714 722 5.8 1.1 AP 
DeepSea Research Pts. I & II 1644 1565 1759 2099 2431 2775 2796 3142 3629 12.4 15.5 ELS 
Earth & Planetary Science Letters 1352 1456 1743 2168 2333 2471 2490 2677 2857 7.5 6.7 ELS 
Earth-Science Reviews 430 439 454 579 648 819 825 887 947 7.5 6.8 ELS 
Earth Sciences History 50 55 50 50 50 50 50 50 50 0 0.0 HESS 
Earth Surf Processes & Landforms 565 635 725 950 1175 1355 1595 1750 1920 9.7 9.7 WIL 
Ecologae Geologicae Helvetiae 379 374 373 467 505 706 534 573 612 7.3 6.8 Birk 
Economy Geology 115 132 132 132 135 145 145 145 145 0 0.0 SEcG 
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Engineering Geology 608 650 696 592 704 1000 1063 1143 1219 7 .5 6.6 ELS 
Environmental & Eng Geoscience 90 90 135 125 125 125 125 125 125 0 0.0 GSA 
Environmental Geology 337 344 359 404 597 615 831 1050 1121 26.3 6.8 SPV 
Eos 205 225 230 295 315 340 357 369 402 3 .4 8.9 AGU 
Estuarine Coastal and Shelf Science 534 482 625 732 1072 1279 1397 1539 1541 10.2 0 .1 AP 
Evolution 160 160 160 160 160 170 170 170 190 0 11 .8 soc 
First Break 410 399 442 505 505 526 584 607 637 3 .9 4.9 BSP 
Geoarchaeology 225 260 294 342 568 656 787 899 985 14.2 9.6 WIL 
Geochimica et Cosmochim Acta 775 895 1000 1150 1295 1410 1530 1644 1755 7.5 6.8 ELS 
Geoderma 783 1003 1172 1482 1667 1707 1654 1778 1897 7.5 6.7 ELS 
Geodinamica Acta 224 223 223 268 250 245 296 310 335 4.7 8.1 ELS 
Geofisica lnternacional 70 70 70 70 70 70 70 70 70 0 0.0 UNAM 
Geoforum 398 410 440 519 575 630 668 718 766 7.5 6.7 ELS 
Geografiska Annaler A: Phys Geog 81 84 99 n/a 128 148 160 171 181 6.9 5.8 BSP 
Geolog 13 15 15 15 15 15 15 15 25 0 66.7 GAC 
Geological Journal 265 295 345 395 475 545 645 705 775 9.3 9 .9 WIL 
Geological Magazine 249 263 282 298 312 324 338 354 354 4.7 0.0 CUP 
Geology 150 150 170 170 350 350 355 355 387 0 9.0 GSA 
Geology Today 195 172 190 217 234 271 296 326 344 10.1 5.5 BSP 
Geo-Marine Letters 202 202 235 318 350 368 464 496 530 6.9 6.9 SPV 
Geomicrobiology Journal 132 145 165 180 199 199 295 330 368 11 .9 11 .5 TayFra 
Geomorphology 423 594 639 814 1185 1195 1264 1359 1451 7.5 6.8 ELS 
Geophysical Journal International 970 872 972 1037 1043 1229 1355 1485 1545 9.6 4.0 BSP 
Geophysical Prospecting 362 369 406 464 501 501 563 607 653 7.8 7 .6 BSP 
Geophysical Research Letters 498 590 590 780 826 879 985 1180 1285 19.8 8.9 AGU 
Geophysics 265 265 250 250 250 280 280 280 280 0 0.0 SEG 
Geoscientist 67 70 70 76 82 95 100 107 114 7 6.5 GSL 
Geothermics 409 425 599 573 628 734 803 863 921 7.5 6.7 ELS 
Geotimes 35 35 35 37 37 37 37 37 37 0 0.0 AGI 
Global and Planetary Change 390 406 437 n/a 917 922 893 960 1024 7.5 6.7 ELS 
Global Biogeochemical Cycles 148 185 185 270 275 295 318 440 484 38.4 10.0 AGU 
Global Environmental Change 185 208 246 303 368 408 452 583 622 29 6.7 ELS 
Grana 217 220 242 277 285 295 305 320 324 4.9 1.3 TayFra 
GSA Abstracts with Programs 73 80 73 89 113 129 129 129 140 0 8.5 GSA . 
GSA Bulletin 185 185 205 205 350 350 350 355 387 1.4 9.0 GSA 
-:-:---:- ·-
Holocene 225 275 316 349 384 537 569 632 689 11 .1 9 .0 Arnold 
1--· . 
Hydrological Processes 250 345 495 725 995 1295 1795 1970 2165 9.7 9.9 WIL 
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Icarus 
International Journ of Earth Sci 
International Journ of Coal Geology 
International J of Rock Mech/Min Sci 
Island Arc 
Israel Journal of Earth Sciences 
Journal of African Earth Sciences 
Journal of Applied Geophysics 
Journal of Asian Earh Sciences 
Journal of Atmos & Sol-T err Phy 
Journal of Coastal Research 
Journal of Geochemical Exploration 
Journal of Geodesy 
Journal of Geodynamics 
Journal of Geophys Research 
Journal of Geosci Education 
Journal of Hydrology 
Journal of Metamorphic Geology 
Journal of Micropalaeontology 
Journal of Molluscan Studies 
Journal of Paleontology 
Journal of Petroleum Technology 
Journal of Petrology 
Journal of Quaternary Science 
Journal of Sedimentary Res 
Journal of Seismology 
Journal of South Amer Earth Sci 
Journal of Structural Geology 

· Journal of the Atmos Sciences 
Journal of the Geol Soc of London 
Journal of Vertebrate Paleontology 
Journal of Volcano! & Geotherm Res 
Leading Edge 
Limnology and Oceanography 
Lithos 
Marine and Petroleum Geology 
Marine Chemistry 

966 1080 
337 317 
617 466 

1197 845 
199 220 
95 160 

595 676 
212 417 
513 490 

1279 1245 
125 125 
701 633 
332 357 
447 455 

2800 3065 
33 33 

2349 2383 
395 435 
100 100 
160 165 
99 99 
45 45 

273 295 
255 295 
152 152 

n/a n/a 
266 255 
618 640 
350 350 
441 524 

85 85 
965 1139 

70 70 
160 160 
339 529 
535 604 
855 867 
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1242 1379 1572 1830 2070 
331 398 441 460 614 
521 696 802 1138 1348 
976 1249 1419 1616 1767 

n/a n/a 369 460 485 
160 185 200 210 210 
723 875 984 1172 1576 
447 585 704 690 668 
485 859 663 721 783 

1319 1654 2014 2190 2270 
125 135 135 145 145 
742 988 1139 968 896 
409 456 540 571 738 

n/a 629 741 914 1086 
3510 3970 4310 4598 4965 

33 33 33 33 55 
2495 3147 3475 3621 3508 

475 495 530 560 610 
100 108 117 123 129 
170 190 205 220 250 
99 99 99 99 110 
45 45 45 45 45 

350 380 525 595 700 
345 495 575 655 825 
152 166 180 180 180 

n/a n/a 253 247 265 
254 414 467 508 597 
708 835 936 1018 1036 
355 390 455 475 495 
524 571 617 641 673 

85 125 195 195 195 
1178 1500 1635 1638 1698 

70 70 70 70 70 
175 175 175 175 175 
551 723 796 802 828 
716 899 1032 1123 1260 
919 1183 1348 1368 1456 

Page 3 

2777 2500 34.2 -10.0 AP 
614 656 0 6.8 SPV 

1449 1547 7.5 6 .8 ELS 
1894 2021 7.2 6 .7 ELS 

526 560 8.4 6.5 BSP 
210 210 0 0 .0 MISC 

1694 1808 7.5 6.7 ELS 
834 891 24.9 6 .8 ELS 
842 898 7 .5 6 .7 ELS 

2440 2598 7 .5 6.5 ELS 
145 145 0 0.0 soc 

1049 1119 17.1 6.7 ELS 
759 809 2 .8 6.6 SPV 

1166 1245 7 .4 6 .8 ELS 
5290 5800 6.5 9 .6 AGU 

55 55 0 0.0 NAGT 
3772 4025 7.5 6 .7 ELS 

695 765 13.9 10.1 BSP 
135 145 4.7 7.4 GSL 
325 340 30 4.6 OUP 
113 116 2 .7 2.7 soc 
45 45 0 0.0 SPE 

760 800 8.6 5.3 OUP 
905 995 9.7 9.9 WIL 
180 195 0 8.3 SEPM 
279 298 5.3 6.8 KLU 
701 749 17.4 6.8 ELS 

1114 1189 7.4 6.7 ELS 
510 520 3 2 .0 AMS 
720 770 7 6 .9 GSL 
210 250 7.7 19.0 SVP 

1825 2086 7 14.3 ELS 
70 70 0 0 .0 SEG 

350 350 100 0.0 ASLO 
- ·-· 

931 994 12.4 6.8 ELS 
1417 1513 12.5 6.8 ELS 
1565 1670 7.5 6.7 ELS 
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Marine Geology 1352 1385 1481 2049 2316 2345 2412 2593 2768 7.5 6.7 ELS 
Marine Micropaleontology 434 444 473 585 889 879 851 915 977 7.5 6.8 ELS 
Marine Pollution Bulletin 447 430 462 589 656 783 821 882 942 7.4 6.8 ELS 
Mathematical Geology 425 455 462 525 555 595 645 720 780 11.7 8.3 KLU 
Meteoritics and Planetary Science 150 210 220 230 265 330 360 550 550 52.8 0.0 Mete 
Mineralium Deposita 419 455 457 675 733 742 922 965 1031 4.7 6.8 SPV 
Mineralogical Journal 50 50 50 50 50 50 50 50 50 0 0.0 JPT 
Mineralogical Record 60 60 65 75 75 75 120 120 120 0 0.0 MISC 
Minerals Engineering 448 510 552 652 725 790 855 962 1027 12.5 6.8 ELS 
Mountain Geologist 34 34 34 34 34 34 40 40 40 0 0.0 RMAG 
Natural Hazards 282 288 329 413 428 431 512 495 523 -3.3 5.7 KLU 
Natural Resources Forum 242 254 276 334 371 411 437 471 503 7.8 6.8 ELS 
Nature 428 425 425 495 495 595 595 650 775 9.2 19.2 NAT 
Nautilus 40 40 45 45 45 45 45 45 56 0 24.4 soc 
New Zealand J of Geol & Geoph 190 190 190 200 200 210 210 225 225 7.1 0.0 soc 
Northeastern Geol & Env Sci 40 52 52 58 59 59 63 79 79 0 0.0 soc 
Norwegian Journal of Geology 133 125 135 155 160 170 180 190 190 5.3 0.0 TayFra 
Oceanologica Acta 294 279 338 341 344 358 363 370 386 1.9 4.3 ELS 
Oil and Gas Journal 120 127 135 145 145 145 154 154 154 0 0.0 OGJ 
Ore Geology Reviews 310 306 342 445 519 529 628 675 721 7.5 6.8 ELS 
Organic Geochemistry 618 700 1185 1646 1807 1965 2056 2210 2359 7.5 6.7 ELS 
Origins of Life & Evol of Biosphere 251 228 276 344 350 354 414 400 424 -3.4 6.0 KLU 
Palaeo, Palaeo, Palaeo 1587 1539 1809 2477 2528 2586 2553 2745 2929 7.5 6.7 ELS 
Palaios 115 120 128 147 165 165 165 165 165 0 0.0 soc 
Paleobiology 65 65 65 65 65 65 65 69 72 6.1 4.3 soc 
Paleoceanography 195 215 270 275 280 299 319 329 358 3 .1 8.8 AGU 
Paleontological Research n/a n/a n/a 75 75 75 75 75 75 0 0.0 JPT 
Petroleum Geoscience n/a n/a 171 180 195 217 229 212 227 -7.4 7.1 GSL 
Physical Geography 209 229 243 264 279 289 289 294 309 1.7 5.1 MISC 
Physics and Chem of the Earth 589 550 589 692 830 1077 1636 1760 1878 7.6 6.7 ELS 
Physics and Chemistry of Minerals 832 814 883 1127 1173 1173 1342 1536 1641 14.5 6.8 SPV 
Physics of the Earth & Planet Inter 1274 1317 1370 1683 1826 1845 1785 1919 2048 7.5 6.7 ELS 
Planetary and Space Sci~nce 1416 1355 1431 1718 1926 2096 2173 2336 2493 7.5 6.7 ELS 
Planetary Report 25 25 25 25 25 25 25 25 25 0 0.0 Planet 
Powder Diffraction 95 95 95 95 95 105 105 105 105 0 0.0 AlP 
Precambrian Research 1038 1219 1244 1592 1741 1759 1703 1830 2032 7.5 11.0 ELS 
Proceedings of Geologists Assoc 129 134 140 149 161 169 184 197 217 7 .1 10.2 GSL 
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Proceedings of Yorkshire Geo Soc 
Progress in Oceanography 
Progress in Physical Geography 
Pure and Applied Geophysics 
Quarterly J of Eng Geo & Hydrogeo 
Quaternary International 
Quaternary Science Reviews 
Radiocarbon 
Remote Sensing of Environment 
Review of Paleobotany & Palynol 
Reviews of Geophysics 
Rock Mech and Rock Eng 
Rocks & Minerals 
Science 
Scottish Journal of Geology 
Sedimentary Geology 
Sedimentology 
Seismological Research Letters 
Shale Shaker 
Soil Science Society of Amer J 
Surveys in Geophysics 
Tectonics 
Tectonophysics 
Terra Nova 
Water Research 
Water Resources Research 

n/a = not available or not applicable 

77 94 
632 705 
148 170 

1163 1296 
234 245 
262 250 
599 575 
105 105 
796 908 
898 908 
220 220 
215 225 

58 62 
205 215 
102 114 

1004 1187 
474 434 

20 20 
15 25 
92 100 

296 296 
308 330 

2444 2429 
338 314 

1493 1615 
530 660 
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92 96 109 114 122 129 137 
753 891 900 1094 1286 1608 1962 
185 207 229 256 271 312 340 

1536 2571 1844 1738 1986 2092 2236 
245 281 304 307 322 345 369 
373 438 563 614 691 743 792 
619 724 798 1014 1151 1324 1413 
115 115 115 118 125 120 120 

1159 1236 1398 1564 1660 1777 1896 
973 1457 1574 1552 1503 1616 1724 
250 250 250 265 280 280 280 
237 222 228 228 279 305 327 

66 n/a n/a n/a 74 74 84 
228 250 260 295 325 340 370 
119 126 136 142 150 159 170 

1348 1686 1944 2115 2046 2199 2347 
479 546 588 729 802 835 809 

85 85 85 85 90 90 90 
25 30 30 30 30 30 30 

108 117 137 195 215 215 215 
352 433 447 426 498 483 511 
380 385 392 409 429 444 483 

2505 3090 3267 3362 3349 3600 3842 
358 409 433 502 537 558 563 

1841 2268 2516 2516 3243 3486 3721 
675 675 680 720 720 845 919 

Average price change 
Average price change (without Limnol. Oceanogr.) 
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5.7 6.2 GSL 
25 22.0 ELS 

15.1 9.0 Arnold 
5.3 6.9 Birk 
7.1 7.0 GSL 
7.5 6.6 ELS 
15 6.7 ELS 
-4 0.0 MISC 
7 6.7 ELS 

7.5 6.7 ELS 
0 0.0 AGU 

9.3 7.2 SPV 
0 13.5 MISC 

4.4 8.8 soc 
6 6.9 GSL 

7.5 6.7 ELS 
4.2 -3 .1 BSP 

0 0.0 SSA 
0 0.0 MISC 
0 0.0 SSSA 

-3 5.8 KLU 
3.5 8.8 AGU 
7.5 6.7 ELS 
3.9 0.9 BSP 
7.5 6.7 ELS 

17.4 8.8 AGU 

7.40% 6.20% 
6.80% 6.30% 



GIS DATABASE FORUM 
November 7, 2001 

Presiding: Adonna Fleming 
Michener Library 

University of Northern Colorado 
Greeley, CO 

This year's forum, "Endnote- Bibliographies Made Easy," was a workshop on software for creating and 
organizing bibliographic references. The workshop was conducted by Nancy Matus from lSI Research 

Soft, the makers of Endnote. 

189 





Geoscience Information Society 2001 Field Trip 
The Boston Shoreline: Historical Scouring and Accretion 

November 8, 2001 

Michael Mark Noga 

This. field trip was inspired by the publication of the book Mapping Boston and the map Shawmut 
Pemnsula Walk: Tracing Boston's Original Shoreline. The field trip is divided into three sections. 

• State Street/Custom House/Warehouse District 
• Pemberton HiiVDock Square/North End/Mill Pond 
• Beacon HiiVBack Bay 

The numbers in the text refer to locations on the map. 

STATE STREET/CUSTOM 
HOUSE/WAREHOUSE DISTRICT 

Old State House and State Street 

Take the MBT A (T) Blue Line or Orange Line 
subway to the State Street Station. Gather at the 
bench in front of the National Park Service 
Visitor's Center (south side of the Old State 
House). Cross Devonshire Street and stand next 
to 33 State Street. (1) 

Take a piece of paper; crumple and stomp on it. 
Unfold the paper. Walt Whitman said that this 
represents a map of Boston. You might have 
heard that the streets of old Boston were laid out 
by cows. But look at an early plan. Streets 
radiate from the marke t and port center, like any 
New England town. 

John Winthrop and the Puritans took over an 
existing joint-stock company which they 
renamed the Massachusetts Bay Company, and 
they set sail to the New World in March 1630. 
They originally landed in Salem, but found the 
land too stony. They moved to present-day 
Charlestown, but could not find a steady water 
source. Rev. William Blackstone (which he 
pronounced and spelled as Blaxton) invited 
Winthrop to the Shawmut Peninsula, where there 
were freshwater springs. He lived on the slope 
of Beacon Hill. The Puritans settled on the other 
side of the peninsula on the East Cove near 
present-day Dock Square. You can see Dock 
Square in the distance down Congress Street to 
the north . 

Look at the Old State House across the street. 
The Old State House is the site of the original 
market square of Boston. In 1670, the Town 

House was erected. It was a multi -use structure. 
which contained the first library, seat of 
government, and room for market stalls. In 
1711, there was a fire . The building was rebuilt 
in brick. In 17 48 there was another fire. The 
interior was completely reconstructed, but the 
bricks on the outside were retained. 

In the 1870s, the building was threatened with 
demolition. Boston was growing. Chicago 
offered to move the building there . A group of 
ci ti zens formed the Bostonian Society to save the 
building. They still own it and run a museum on 
Boston history inside. On the Fourth of July, 
the Declaration of Independence is read from the 
balcony just as it was for the first time after a 
copy was brought from Philadelphia in 1776. 

Other things to note: Washington St. behind the 
State House was originally called Cornhill. It 
was renamed after Washington 's visit in 1789 
when he rode down the street during his 
presidency. This street eventually became 
Boston's original newspaper row. 

The Boston Massacre site is the stone circle in 
the traffic island in front of the State House. 
The Puritans established First Church on this 
corner. It was originally built of mud, then 
brick. 

Cross Congress Street. Walk down State Street 
to Exchange Place (53 State Street) . 
John Winthrop, the first governor of 
Massachusetts , had his house on this site. This 
was also the original site of the Boston Stock 
Exchange. (2) 

The Bunch of Grapes Tavern stood on the corner 
of State and Kilby in the 1700s. At that time, 
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this site was the shore of Town Cove. State 
Street was called King Street until the 
Revolution. Kilby was called Mackerel Lane. 
The entrance of the tavern held a gilded bunch of 
grapes. 

The first Mason lodge was formed here in 1733. 
A plaque commemorates the formation of the 
Marietta Company here in 1786 by General 
Putnam and other Revolutionary War veterans. 
This organization began the settlement of the 
Northwest Territory in Ohio. Another plaque 
notes that Ohio University, the first college west 
of the Alleghany Mountains, was formed at the 
Bunch of Grapes. 

Walk down State St. This was once the market 
center of Boston. 
Visitors would make a grand entrance into 
Boston from the sea on this street. 

Kilby Street on the right side follows the banks 
of the old East Cove. The shoreline came up to 
Merchants Row, on the left side of State St. The 
walk down State Street crosses part of the East 
Cove that was filled, leaving just a remnant near 
the Long Wharf. 

The Richards Building (1869) on the left side of 
the street is the oldest standing cast-iron building 
downtown. The 1872 fire did not reach here. 
The fa<;:ade was made in Italy and assembled in 
Boston. 

Notice the Cunard Building. Cunard Lines 
started service from Liverpool to Boston in 1840. 
Service to NY did not begin until 1848. 

Notice the width of Broad St. on the right. The 
street follows the shape of the former East Cove. 
The field trip will shortly visit the other end of 
Broad St. 

148 State St. marks the beginning of Long 
Wharf, which extended into the East Cove in the 
colonial and Revolutionary era. It was built in 
1710 by Boston citizens to provide deep-water 
mooring for ocean-going ships. Warehouses 
lined the length of the wharf. Two old ones 
survive on the present-day wharf. One was a 
Custom House. 

Custom House and Warehouse District 

On the corner of India St. is the greatest of 
Boston's Custom Houses. (3) The steps were 
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the main entrance to the Custom House, which 
was built between 1837 and 1848. Notice the 
pillars, which are single pieces of granite from 
Quincy quarries. In the 191

h Century, customs 
were the largest source of federal revenues; so 
the Custom House would be a major building in 
a city. This building was constructed right on 
the water. Ships could come right up the back of 
the building. Walt Whitman was quite 
impressed with the building. 

The tower was built on top of the Custom House 
in 1912-1913. The building was sold to the city 
of Boston and now it is a Marriott time-share 
hotel. There is an elaborate clock on the top and 
a small observation deck. Sometimes peregrine 
falcons roost there. The tower has been a 
landmark of Boston since the 1920s. 

Continue down State St. to other side of the 
Custom House Tower. The State Street Block 
on the right is a a good example of granite 
warehouses from 1858. 

Go into the hotel. Look up at the Custom House 
Dome in the center of the lobby. There is no 
indication of this magnificent structure on the 
outside of the building. If time permits, go up 
the second floor by stairs on the side. The eagle 
at the center of the dome is a remnant from the 
building's function as a federal building. The 
flags represent merchants. Exhibits in this 
chamber and some side rooms reflect the 
maritime history of Boston. 

Walk out of the south side of the Custom House 
Tower. Notice the collection of buildings across 
Central Street. This is a remnant of the Central 
Wharf and its warehouses. Route 93 and 
Atlantic A venue truncate the former wharf 
complex. You may see the New England 
Aquarium at the end of the wharf. 

Across Milk Street is the massive granite Grain 
and Flour Exchange from 1892. This building 
later became the Chamber of Commerce. Notice 
the width and curve of India Street. It follows 
the original curve of the Town Cove. The end of 
India Street was the India Wharf, which is now 
occupied by some apartment towers. The slips 
between the wharves were gradually filled in and 
turned into a thriving trading center. 

On the corner of Milk and India Streets, we see 
the first examples of buildings from Uriah 
Catting's Broad Street Association. Harrison 



Gray Otis and Francis Cabot Lowell were two 
prominent members of this company. Uriah 
Catting was the major developer of Boston in the 
first part of the 19th Century. He hired Charles 
Bulfinch to design a series of warehouses, which 
were built between 1805 and 1807. We shall see 
others on Broad Street. 

Turn down Custom House St. This street was 
named for an early Custom House that was 
located at the site of the office tower at number 
20. Uriah Cotting built the former Custom 
House building in 1810, and Nathaniel 
Hawthorne got a job here in I 839, before he 
became a famous writer. 

Now walk to the northeast corner of Custom 
House and Broad Streets. (4) Look at the 
Wyndham Hotel. This is the Batterymarch 
Building, Boston's first skyscraper (1928). 
Notice that the fatyade becomes a lighter color as 
you look towards the roof. The architect chose 
30 shades of brick so that the building would 
seem to melt into the sky as the viewer looked 
upward. Go into the art deco lobby. Notice the 
ceiling mural. It has a transportation theme. 

Walk out of the hotel to the corner of Broad 
Street and Franklin Street. Two examples of 
Bulfinch warehouses are 72 Broad and 104 
Broad down the street towards the sea. Notice 
the granite slab warehouses opposite 104 Broad. 
They were built in the 1850s. 

Fort Hill and Rowe's Wharf 

Now turn right on Franklin Street to Battermarch 
St. Colonial soldiers marched on this route to 
the South Battery near old Fort Hill. Turn left 
on Batterymarch. 

The brick tower that you see on the left side of 
Batterymarch was part of Chadwick Lead Works 
( 1887). (5) Lead was poured from the square 
tower to make shot. Walk straight ahead to High 
Street. Notice the plaza in front of the tall 
International Place office complex. This was the 
site of Fort Hill. In early Boston, there was a 
fort which, along with a battery at Rowe' s 
Wharf, protected Boston from the south . Then 
it became fashionable Washington Square, as 
depicted in the picture on the plaque at the NE 
corner of Batterymarch and High Streets. The 
painter Gilbert Stuart was one of the residents . 
Eventually the rich moved to new 
neighborhoods . By the 1850s, the area had 
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become a source of immigrant housing. The hill 
itself was chipped away. In 1872 it was leveled 
to provide fill for Atlantic Avenue, which was 
supposed to revive the port. Nothing remains of 
this 80-foot former hill, which is the first 
diminished hill that you see on this trip. 

Cross High Street and notice the elaborate front 
of the Chadwick Lead Works. Then walk down 
High Street towards Atlantic Avenue. Cross 
Atlantic and go through the great arch of the 
Rowe 's Wharf development. Stop near the 
railing. 

Rowe's Wharf (6) was the site of Boston's 
South Battery. In 1672, a barricado extended to 
North Battery in the North End to keep out 
Dutch, French and Spanish invaders during 
British wars. The barricado did not last long, but 
part remains as an extension of the Long Wharf 
called the "T" Wharf. 

From Rowe 's Wharf, you see Logan Airport, 
which extended from Noddles Island to the site 
of Bird Island and then Governors Island 
between 1930s and 1950. 

On the left you see the two towers on end of 
India Wharf, which was a major wharf during 
port's heyday. Look towards the new Federal 
Court House on the right. This area was the 
South Boston flats and South Bay in colonial 
times. Gradually the shallow mudflats were 
filled in. South Bay was considerably reduced 
by the development of the new South End in the 
I 850s. By I 880, a neck of new land extended 
out to the Harbor, creating the Fort Port Channel. 
Most of the remaining flats were filled in by 
1916. 

Walk along the boardwalk to the old Northern 
A venue bridge. Go up the steps and past the 
Lobster distibutor. On the left side, you pass 
part of the Big Dig project, which is burying 
Interstate 93s route through downtown Boston. 

Notice the Fire Dept. Headquarters across 
Atlantic Avenue. This is a fitting location for the 
building, because the Great Fire of 1872 
extended from Washington St. to here. The next 
corner is Pearl and Purchase Streets. The 
building on the west side of the corner is the 
Richardson Block from 1873. Before the Great 
Fire, this was a world center of the shoe and boot 
industry. (7) 

193 



GIS PROCEEDINGS, 2001 

In the 1700s, the shoreline was located at 
Purchase Street. Griffin's Wharf was also located 
at the end of Pearl Street. This was the site of 
the Boston Tea Party. Sam Adams, the 
ringleader, was born here in 1722 and knew the 
area well. 

Walk down Atlantic Avenue to South Station. 
(8) There are restrooms and a water fountain 
inside. Then get on the T Red Line subway and 
go inbound towards Alewife. Get off at the 
second stop, Park Street. Go up the steps toward 
the Lechmere Geeen Line. Take any Green Line 
train to Government Center, the first stop 
inbound. Go up the escalator to Scollay Square. 

PEMBERTON HILL/DOCK 
SQUARFJNORTH END/MILL POND 

This part of the field trip will explore areas that 
were filled north of the old State House. 

Cross Congress Streetffremont Street and go up 
the escalator or stairs through the curved Central 
Plaza office complex. At the top of the stairs, 
walk into the center of the plaza. (9) The south 
side was Pemberton Hill, originally called 
Cotton Hill. It was the eastern part of the 
Trimountain, which includes Mt. Vernon and 
Beacon Hill. Mt. Vernon was cut down to build 
land on the Back Bay side of the Trimountain. 
Beacon Hill was cut down to fill in Mill Pond, 
which was located in front of present-day North 
Station. Pemberton Hill was reduced to fill in 
the area north of Causeway Street at North 
Station. 

You could say that Yale began on this site. On 
the site of the north side of this plaza, Elihu Yale 
was born in 1649 to an early settler of New 
Haven. Yale moved to England four years later. 
When he was older, he gave a large donation to a 
small college in New Haven, which changed its 
name to Yale. 

Governor Endecott lived in the same area in 
1655. The south end of the plaza was the site of 
mansions and gardens of colonial governors, 
ministers, and wealthy seafarers. It was also the 
estate of the painter John Singleton Copley's 
son-in-law, Gardiner Greene. In 1835, 
Pemberton Hill was leveled by Patrick Jackson, 
who wanted trains to travel from textile mills in 
Lowell to Boston. Part of the hill filled in the 
area around Causeway St. to create a rail 
terminus. From the 1830s to the 1880s, the 
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southwest corner of the current plaza was 
Pemberton Square, a fashionable area of 
townhouses similar to those in Louisburg 
Square. 

At the overlook, you can see the Kings Chapel 
(1749). The original wooden church was the 
first Anglican church built in Puritan Boston. It 
was established in 1687 for British solders. The 
Kings Chapel Burying Ground is the oldest 
cemetery in Boston. Behind the cemetery is the 
Old City Hall (1862-1865), which was the center 
of Boston government from the Civil War to 
1969. 

Now walk back to the stairs and go down to 
Scollay Square. Cross the street to the plaza. 
The curved building on the right is the Sears 
Crescent. (10) It was developed by Uriah 
Catting in 1817. He is the same developer who 
established the Broad Street Association in the 
Warehouse District. Notice the copper teapot. 
It advertised the Oriental Tea House (1873), 
which was Boston's largest tea store. 

This general area in front of the brutalist City 
Hall is called Scollay Square. Court Street, 
which was called Queen Street in colonial times, 
turned from the Old State House parallel to 
present-day Congress Street. The narrow area 
between the two streets was the original Scollay 
"Square." 

Walk along the plaza towards the gap between 
City Hall and the office tower on the right. 

Dock Square 

From top of stairs, notice Faneuil Hall (1742) , 
which was built by Peter Faneuil as Boston's 
second market. Charles Bulfinch doubled the 
width and added the third floor in 1806. The top 
floor has the museum of the oldest military 
society in the United States. The hall itself was 
the site of speeches and debates leading to the 
Revolution, and anti-slavery addresses leading to 
the Civil War. 

Walk down the stairs and cross Congress Street. 
This is Dock Square. (11) The Puritans made 
the initial settlement of Boston near here, when 
this area was the end of Town Cove, or East 
Cove. Notice the foortprints of the original 
buildings and docks on the pavement near the 
statue. 



Walk around the left side of Fanueil Hall. The 
red brick line is the Freedom Trail. The large 
building on the right is Quincy Market. Mayor 
Josiah Quincy, proposed the market buildings to 
relieve the cramped Fanueil Market. Quincy 
himself was the second mayor of Boston. He 
was a reformer and claimed to collect 6,000 tons 
of street dirt in his first year in office. He 
actually had it weighed. 

The market hall was built in 1825-1826. The 
two buildings on the sides were part of the 
complex. Enter the market building below the 
dome. (12) After you enter, go to the center and 
look up. The dome was designed by the 
Alexander Parris , who was the architect of St. 
Paul's Cathedral next to the Boston Common. 

Walk back out the north side of the dome area 
and though the narrow arcade to Clinton Street. 
Turn right and walk towards the Central Artery 
and Big Dig site. Go through to Commercial 
Steet. (13) 

North End 

The North End was originally bordered by two 
bays that no longer exist. Mill Pond was on the 
west side of the peninsula next to the Charles 
River. Town Cove was on the east side. Mill 
Creek connected the two water bodies. 

Walk on the left side of the street. Notice that 
the street is straight. This is a clue that this area 
was probably built on fill, because the original 
streets in Boston were not straight. Notice the 
Mercantile Wharf building on the other side of 
the street. It was built out of granite in 1856 by 
the son of the builder of the Bunker Hill 
Monument. The original occupants were ship 
chandlers, sailmakers, and riggers. 

Turn left at the next corner. Walk down 
Richmond Street past the Callahan Tunnel, with 
its Art Deco entrance, to North Street. 

North Street was first called Ann Street. It 
followed the original coastline. At North 
Square look to the right. Notice how the street 
continues in a curve. (14) 

Walk to the left side of the center of the square. 
The first old house is the Pierce Hichborn House 
from 1710. It was inhabited by a cousin of Paul 
Revere. Next notice the Revere House itself. 

NOGA 

This house dates from 1677. It is the only house 
surviving from 17th Century Boston. 

North Square was originally adjacent to the sea 
and a nearby wharf. The square and a nearby 
wharf were originally named after a wealthy 
resident named Clark. Later Clark's Wharf 
became Hancock's Wharf and the Lewis Wharf, 
which is located a few blocks toward the harbor. 

North Square was a wealthy area in early Boston. 
The Second Church of Boston, a Puritan church, 
was located on the north side near Moon Street. 
It was the home of the ministers Increase and 
Cotton Mather. The building was burned for 
firewood by the British in 1776. This area was 
home to several Loyalists, who left after the 
Revolution and War of 1812. After the Potato 
Famine in 1824, the Irish came to the North End, 
then eastern-European Jews, Portuguese, and 
Italians. 

Walk to Prince Street. At the northwest corner 
of Garden Court Street stood Clark's mansion. 
Just north stood Thomas Hutchinson's mansion. 
It was attacked during the Stamp Act Riots, 
because he was the governor. 

Now walk to Hanover Street for lunch. Hanover 
was a grand street that led from Dock Square to 
North End. It was named after the Royal House 
of Hanover, King George III's family . (15) 

After lunch and perhaps a quick stop for espresso 
or pastry, walk north to the Revere Mall. Notice 
the street sign a little beyond the mall on the 
right. It refers to Battery Street, which leads to 
the site of the North Battery, which protected 
colonial Boston from the north . 

Walk down the mall. You will cross a small 
alleyway. (16) The building on the left is the 
only standing structure tied to the Franklin 
family. The large church on the right is the Old 
North Church, or Christ Church. It is Boston's 
oldest standing church, from 1723. It was the 
second Anglican church in Boston after the 
original King's Chapel. 

Walk up Hull Street to Copp's Hill Burial 
Ground and enter on the right side of the street. 
(17) It rests on Copp's Hill, which was the hill 
on the north side of the East Cove. Remember 
that Fort Hill was the hill on the south side. 
Copp's Hill was reduced a bit on its north side. 
This was also the site of Boston's first African-
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American community, which lived there in 
colonial times. The cemetery itself is older than 
Boston, because a settler from Plymouth buried 
his wife here in 1625, five years before the 
Puritan landed on the peninsula. 

Walk down the center walkway towards the 
north side of the cemetery, facing the Boston 
Harbor. You may see Old Ironsides in 
Charlestown from a high part on the path. An 
unusual event in Boston history happened right 
below the hillside park. It was the Great 
Molasses Flood. On Jan. 15, 1919, a warm spell 
broke tanks of molasses. The molasses quickly 
flowed and smothered train cars and people. 
Some houses collapsed. Twenty-one people 
died. 

Now walk to the northwest corner of Copps Hill 
Burial Ground. Here is a view of former Mill 
Pond. It was created in 1643 by damming North 
Cove. Between 1807 and 1824, the pond was 
filled with gravel from Beacon Hill. Causeway 
St. is the site of former Mill Dam. Copps Hill 
itself was reduced in 1800 to create some of the 
land below the hill. 

Charles Bulfinch designed a development for 
Mill Pond. The Bulfinch Triangle extended 
from Causeway Street to Haymarket Square. 
Before leaving the cemetery, notice the 
gravestones with bullet holes from the Redcoats. 
They are next to the worn-out grass near the 
intersection of the cross path and north wall path. 

Leave the cemetery from the Hull Street gate. 
Walk down the hill to Old North Church. Turn 
right on Salem Street. Notice the North Bennet 
Street School, which teaches such crafts as fine 
bookbinding. 

Mill Pond and Mill Creek 

Notice Prince Street. This was the eastern edge 
of Mill Pond. (18) The southern edge of Mill 
Pond was near Salem Street. The side streets on 
the right side of Salem after Prince St are short 
because the Pond was close to Salem. 

Go under the Central Artery. You might be able 
to see down into the developing underground 
highway of the Big Dig. Notice the temporary 
exhibit of Boston maps. The 1722 map shows 
the location of Mill Creek at Blackstone Street. 
Mill Creek connected North Cove and East 
Cove. There was a bridge at Hanover Street. 
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During major storms, water would flood through 
Mill Creek and essentially turn the North End 
into an island. (19) 

On the other side of the Center Artery, cross 
Blackstone Street and walk down Marshall 
Street. This is the edge of Haymarket Square 
and close to the apex of the Bulfinch Triangle. 
When the Big Dig is finished and the highway is 
underground, the Triangle will become more 
apparent. 

Notice the Boston Stone at Marshall Street, 
behind the first building on the left. The stone 
was brought from London in 1635 . An artist 
used it mix pigments. At one time, it was 
supposed to be the reference point for measuring 
distances from Boston. 

Marshall St. was once a shortcut from Dock 
Square to the Charlestown ferry. 10 Marshall 
( 1760) is the oldest standing building in Boston 
associated with John Hancock. (20) At Union 
Street is the side of the Union Oyster House. 
Inside a first floor window, you might see the 
mural that shows of a view of old Boston and 
Mill Creek. 

Cross Union Street. Stop at the Holocaust 
Memorial. Look back at the old buildings next 
the Union Oyster House. They are a remnant of 
the thriving area around Mill Creek and Creek 
Cove, which was behind these buildings. The 
area to the left of the district was first the North 
Cove, then Mill Pond, and then Bulfinch 
Triangle. 

Walk across Congress Street through the large 
plaza towards the Government Center T Station. 
Walk on Tremont Street to the Kings Chapel. 
Cross Tremont and walk on the north side of 
Beacon Street. Notice the Bosto·n Athenaeum at 
10 Y2 Beacon. (21) This proprietary library was 
started in 1807. It includes George 
Washington' s personal library. The building at 
the corner of Park Street is the Amory-Ticknor 
House, which was originally built by Charles 
Bulfinch. At one time, Houghton-Mifflin had 
their offices here. Other publishers that have 
been in this area are W.W. Norton and Little 
Brown. 



BEACON HILL/BACK BAY 

Beacon Hill 

Stop in front of the State House. This leg of the 
trip will go from here to Copley Square. Notice 
the Shaw Memorial on the other side of Beacon 
Street in Boston Common. It commemorates 
the first African-American regiment in the Civil 
War, led by Robert Gould Shaw. 

John Hancock's house was located on the west 
side of the present-day State House grounds. 
(22) His house stood from 1737 to 1863. 
Hancock died in 1793, and the new 
Massachusetts State House was built on part of 
the pasture from his widow's property. Charles 
Bulfinch designed the building, which was 
constructed from 1795 to 1798. Gold leaf was 
added to the Dome in 1874 and covered during 
World War II. Upon completion of the new 
State House, there was a grand procession from 
the old State House on State Street to Beacon 
Street. The move of seat of government heralded 
a move from a place associated with British rule, 
as well as a change in Boston's center of power 
from the Dock Square-State Street area to 
Beacon Hill. 

Beacon Hill was the tallest part of the 
Trimountain, the high point of the Shawmut 
Peninsula. It was originally called Sentry Hill. 
The name Beacon Hill came from the tall pole 
with a flame pot that was erected by the colonists 
in 1684. They were worried that the 
Massachusetts Bay Company charter was being 
revoked in Lqndon. The flame pot could be lit 
when the town was attacked. 

The tallest part of the hill was next to the State 
House. Beacon Hill was as high as the base of 
the State House dome. In 1790, Bulfinch erected 
a Doric monument that celebrated the Revolution 
on slate tablets. The hill was cut down between 
1810 and 1824 to fill in Mill Pond. In 1811 , the 
monument was moved. It was brought back to 
the northeast side of the State House in the 
1890s. 

Walk down Bowdoin Street on the right side of 
the State House. Notice Bulfinch 's column. 
Walk down Mt. Vernon Street under the State 
House. If security prevents passage, walk down 
the hill and back up the other side of the State 
House. 

NOGA 

Mt. Vernon Street 

The painter John Singleton Copley moved from 
the Colonies to England in the 1750s. Copley's 
agent sold his land on the Trimountain to Mt. 
Vernon Properties in 1774. By 1795 a street 
plan was devised in the area from Pinckney St. to 
Beacon St. and Joy St. to Charles St. This area 
was Boston' s first residential development. 
Harrison Gray Otis and Charles Bulfinch were 
two of the partners. Bulfinch designed the 
buildings, and Otis built two houses here. The 
first town houses went up in 1774. 15 were built 
between 1806 and 1812. 

Walk down the north side of the Mt. Vernon 
Street. (23) Charles Francis Adams, John 
Quincy's son, lived at 57 Mt. Vernon St. He was 
a founder of the Republican Party. His father 
had his first stroke on the sidewalk in front of the 
house. Daniel Webster also lived here. 

Harrison Gray Otis, a wealthy man who was also 
mayor of Boston, built his second house at 85 
Mt. Vernon. This was a substantial house for 
the time. 

Mt. Vernon was the western hill of the 
Trimountain. The northern part, close to the 
Charles River, had a bad reputation and was 
called Mount Whoredom. During the 
Revolutionary War, General Gage aimed his 
cannons at Cambridge from the hill. 

Most ofMt. Vernon was leveled between 1799 
and 1803. Carts reduced the hill by 50 to 60 feet 
by bringing fill down to the mudflats at Charles 
Street. 

Louisburg Square 

Soon you will reach Louisburg Square, the heart 
of the Beacon Hill residential district. (24) 
Bulfinch had a grand plan for the square, much 
larger than what you see. Mt. Vernon was 
located just on the upper side of the square. 
Bulfinch planned to have detached houses 
around the square, but the proprietors of Mt. 
Vernon Properties vetoed the plan as too 
expensive. 

Bulfinch conceived the plan for the square in 
1826. The first house was built in 1834. 
Construction continued into the early 1840s. 
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Walk down Willow Street at the south end of the 
Square towards Chestnut St. Acorn Street on 
the right was once the home of servants. Turn 
left on Chestnut Street, one of the most striking 
streets on Beacon Hill. Follow Spruce Street to 
Beacon St. 

At the corner of Beacon Street was the home of 
Reverend William Blackstone, who lived on the 
Shawmut Peninsula before the Puritans. (25) He 
invited Winthrop to bring his settlers to the 
peninsula, because there was a spring near his 
home which provided a steady water source. 
Blackstone sold some of his land to the settlers 
for the Boston Common. 

Harrison Gray Otis built his third house in 1806 
at 45 Beacon Street, just a few buildings up the 
street. It is now home to the American 
Meteorological Society. 

Walk west on Beacon Street. This was once the 
edge of mudflats. Cows drank out of nearby frog 
ponds, and the unfashionable part of Charles 
Street was called Frog Lane. Bulfinch was 
involved in improving the Common by 
extending Charles Street down to Boylston St. 

After you cross Charles Street, you are entering 
the former mudflats of the Charles River that 
were filled by material from Mt. Vernon. 

Back Bay's Beginnings 

The developer Uriah Cotting wanted to lower the 
price of bread. He proposed the construction of 
a Mill Dam across Back Bay. He thought that 
the mills would run on tidal action. The project 
began in 1819 when Cotting died, and it was 
completed in 1821. However, the tidal action 
was not strong enough to make the 3 mills work. 
Instead the waste water was blocked, the mills 
failed, and the Back Bay became polluted. 
Instead the water flow from the Charles River 
was blocked. 

A solution to the pollution problem was created 
when trains started crossing the Back Bay in the 
1830s. Between 1857 and 1858, trains would 
bring sand and gravel from Needham Heights 
along present route of the MBT A commuter 
train. 580 new acres of land were created. 

The first development of Back Bay is 
represented by the structures at 70-7 5 Beacon 
Street. They were built in 1828 on the Mill 
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Dam. No. 71 was a wedding gift from Harrison 
Gray Otis to his son. (26) 

A few houses down Beacon Street, at no. 150-
152, was the home of Jack Gardner. His wife, 
Isabella Stuart Gardner, amassed her art 
collection while she lived here. Turn left at 
Arlington Street. 

Commonwealth Ave 

At Commonwealth A venue, notice the statue of 
George Washington on his horse in the Public 
Garden. This statue commemorates his ride 
down Washington and Hanover Streets during 
his presidency. He made his first grand entrance 
into Boston on State Street when he broke up the 
British blockade during the Revolutionary War. 
Notice that his sword is missing. 

Now walk down the mall in the middle of 
Commonwealth Ave. (27) This boulevard was 
patterned after the Champs Elysees in Paris . 
Bostonians admired Baron von Hausmann's 
boulevards in Paris, and new Back Bay 
structures were inspired by French Empire 
buildings. 

Buildings were constructed during Civil War 
area, but development really picked up after the 
Great Fire of 1872 in the Old South End. Many 
institutions moved to Back Bay, including the 
congregation which built Trinity Church. 

Walk down the Commonwealth Avenue Mall to 
Berkeley St. The descendant of John 
Winthrop's first church is now located one 
block to the right. Walk left on Berkeley St. to 
Boylston St. Notice the large Louis Boston 
store on the left. (28) This was originally the 
museum for the Boston Society for Natural 
History. Behind it was the first building for the 
Massachusetts Institute of Technology. MIT 
was organized in 1861. The first building was 
built in 1863 and 1864. Another was built in the 
1880s. The Institute moved to Cambridge in 
1916. A plaque on the New England Building 
notes the birthplace of MIT. 

Go into the main entrance of the New England 
building to see some wonderful historical murals 
on Boston history. (29) On weekends, you will 
only get a quick glance. 

Walk down Boylston St. and cross the street at 
Copley Square. Walk over to Trinity Church, a 



Romanesque Revival structure built between 
1872 and 1877. (30) Henry Hobson Richardson 
designed alternating layers of dark redbeds and 
lighter colored Dedham Granite . He used this 
same light-dark pattern in other buildings. 

The church rests on pylons on Boston Blue Clay. 
Saints are carved in sandstone on the porch. The 
saints that have detailed features are made of 
silica-cemented sandstone. The saints that have 
worn-away features are made of carbonate
cemented sandstone. 

This is the end of the trip. Hotels and the 
convention center are close. There is a major T 
subway station on the northwest corner of 
Copley Square. A good coffeehouse is located 
on Newbury Street across from the New England 
Building. 
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