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PREFACE 

This volume represents the proceedings of the sessions sponsored by the Geoscience Information 
Society (GSIS) at its annual meeting held in conjunction with the Geological Society of America 
(GSA) annual meeting in Salt Lake, Utah, October 2005.
 In addition to the oral and poster sessions, GSIS held forums on electronic resources, 
preservation, collection development and professional issues, plus a workshop titled “Geoscience 
Librarianship 101”.  Information from these events is reported in the GSIS Newsletter.

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

I would like to thank the authors for their hard work, creativity, and research. In addition, 
I would like to thank all the session chairs and organizers of the annual meeting, whose hard 
work makes this volume possible.

Adonna Fleming
editor
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NATURAL HAZARD AND DISASTER INFORMATION THROUGH NASA’S GLOBAL 
CHANGE MASTER DIRECTORY

Heather M. Weir
Gene R. Major

Scott Ritz
Melanie Meaux

Science Systems and Applications, Inc.
10210 Greenbelt Road
Lanham, MD 20706

Lola Olsen
NASA/GSFC
Code 610.2

Greenbelt, MD 20771

 Abstract – Natural disasters in 2005 caused over 150 billion dollars in economic 
damages and 92,000 deaths worldwide. The Sumatra earthquake and tsunami in December 
2004, Hurricane Katrina in August 2005, and the Pakistan earthquake in October 2005, have 
heightened the public’s interest in the causes of natural hazards and the effects of natural 
disasters.  NASA’s Global Change Master Directory (GCMD) enables users to locate and obtain 
access to natural hazard and disaster data sets.  The GCMD also enables users to locate services 
related to natural hazards and disasters, including environmental advisories and educational 
resources.  The GCMD provides the capability to seamlessly navigate between data sets and 
services via a link between associated data set and service descriptions.  There are over 260 
natural hazard data sets described in the GCMD including tsunamis, earthquakes, volcanoes, 
landslides, hurricanes, floods, wildfires, and other hazards, and more than 200 descriptions of 
environmental advisory and hazard management services.

INTRODUCTION

 Natural hazards have recently made 
headlines world wide.  Hurricanes hit the 
United States in August 2005, displacing 
hundreds of thousands of people.  Still more 
people were displaced in India and Pakistan 
due to the 7.6 magnitude earthquake in 
October 2005.  According to the International 
Disaster Database (EM-DAT, 2006), nearly 
92,000 deaths worldwide were attributed to 
natural disasters resulting in a loss of over 
150 billion dollars.  Natural disasters not only 

affect the people directly involved, but affect 
whole countries and the world.
 Locating data on such events is not 
always an easy task.  NASA’s Global Change 
Master Directory (GCMD) provides an 
opportunity for users to find and access data 
sets on natural hazards research as well as 
information on recent disasters.  The GCMD 
also directs users to a variety of other Earth 
science data sets and services (Figure 1).  The 
GCMD’s homepage can be found at http://
gcmd.nasa.gov.

1
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DESCRIBING DATA SETS AND 
SERVICES

 The GCMD provides metadata 
descriptions of Earth science data sets and 
services.  Each metadata description contains 
pertinent information on which provider has 
the data or service, where it exists, and how 
to access it.  The GCMD now contains over 
16,200 metadata records on Earth science 
data sets.  Approximately 7.4% are related to 
scientific research on droughts, earthquakes, 
epidemics, floods, landslides, volcanoes, 
tsunamis, wildfires, tornadoes, and tropical 
storms.
 With increasing volumes of data 
available to the scientific community, the 
GCMD staff has become aware of the demand 
for finding tools and resources to manipulate 
the data.  The Earth science services database 
consists of:  data management/data handling, 
hazards management, metadata handling, 
information services, data analysis and 
visualization tools, models, Earth science 
educational resources, and environmental 
advisory services (Figure 2).  There are 
currently over 1400 services descriptions.  
Approximately 6% of those are related to 
environmental advisory services and hazard/
disaster management.

FINDING DATA SETS AND SERVICES

 With the multitude of data available on 
the Internet, it is not surprising that researchers 
may feel overwhelmed when trying to locate 
a specific type of data.  The GCMD is an ideal 
tool to help users find Earth science data and 
services, including data and services on natural 
hazards and disasters.  
 GCMD users have several options to 
locate data sets and services.  One approach is 
to search through a hierarchy of data set topics 
available from the GCMD homepage (Figure 
1).  An example of a hierarchical search would 

be to choose the topic, Solid Earth, then choose 
Seismology, and then Earthquake Occurrences.  
This would narrow a user’s search from 1,856 
Solid Earth records to 163 records specifically 
on Earthquake Occurrences. 
 Users can also type in a keyword, 
or a string of keywords, in the free-text box 
to locate records. After the initial search, 
users can choose to refine a search by either 
selecting a refinement category or by typing a 
free-text keyword, as in Figure 3.  Inevitably, 
the goal is to get the user as close as possible 
to the actual data or service.
 Independent of the method that is used 
to search for data sets or services, a variety of 
natural hazard data sets and services can be 
located, such as data sets and services on:

- Landslides
- Floods
- Tornadoes
- Volcanoes
- Avalanches
- Wildfires
- Extreme weather events
- Epidemic

 Several examples of natural hazard 
metadata descriptions available through the 
GCMD are described in the following sections.

Hurricanes

Within days following Hurricane Katrina’s 
landfall in August 2005, satellite imagery and 
GIS data were indexed and made available 
through the GCMD.  Currently, 22 datasets 
related to Hurricane Katrina are referenced in 
the GCMD. 
 The metadata description of Hurricane 
Katrina-related images provided by NASA’s 
MODIS Rapid Response system is an excellent 
example of a dataset described in the GCMD. 
This data set contains high-resolution imagery 
of Hurricane Katrina obtained by the MODIS 

Weir & others 
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instrument on NASA’s Terra satellite.  Images 
with resolutions as high as 250 m are available 
in support of the recovery and rebuilding 
effort, which is still underway in many areas.  
http://gcmd.nasa.gov/getdif.htm?NASA_
MODIS_RAPID_RESPONSE_KATRINA.
 In addition to imagery data sets on 

recent disasters, there are also scientific 
research data sets on natural hazards. These 
may provide a better understanding of the 
physical processes that could turn potential 
hazards into disasters.  For example, the 
Atlantic Basin and North American Hurricane 
Database Re-analysis Project from NOAA/

Figure 1.  NASA’s Global Change Master Directory homepage.

Weir & others
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NCDC utilizes analyses of hurricanes since 
1851 to perform risk analysis, improve 
building codes, forecast potential losses, and 
predict hurricane tracks and intensities. See: 
http:/gcmd.nasa.gov/getdif.htm?C00587.

Tsunamis

 The Great Sumatra Earthquake and 
the Indian Ocean tsunami of 2004 claimed 
over 300,000 lives across Sri Lanka, India, 
Indonesia, Thailand, Burma, Malaysia, the 
Maldives, and Somalia.  Shortly after the 
disaster occurred, users were able to locate and 
access tsunami-related information resources 
and real-time data through the GCMD.  The 
directory currently holds 47 data set and 
service descriptions related to tsunamis.
 “Before and after” high-resolution 
imagery from TERRA, Landsat, QuickBird, 
and IKONOS satellites for the region was 
available online within days following the 
disaster.  Massive tsunami damage is visible 
in post-event imagery along coastlines.  See 
data set description at http://gcmd.nasa.gov/
getdif.htm?PDC_Tsunami.  The GCMD also 
points users to a variety of tsunami-related 
services, such as the Pacific Disaster Center’s 
South East Asia and Indian Ocean Tsunami 
Response Map Viewer, in support of the 
response and recovery efforts in the aftermath 
of the disaster.  This viewer interface contains 
event-related data, including high-resolution 
satellite imagery and damage assessment maps.  
See service description at http://gcmd.nasa.
gov/getserf.htm?PDC_Tsunami_MapViewer.  
The Center for International Earth Science 
Information Network (CIESIN), provided data, 
maps and reports on the population affected 
by the tsunami, http://gcmd.nasa.gov/getserf.
htm?SEDAC_Tsunami-2004.

Data Services

 The GCMD also provides users with 
descriptions of data service. The services 
referenced in the directory may assist users 
with manipulating, viewing, and analyzing 
data. 
 Whether it is an impending “Category 
4” hurricane or a 9.0 earthquake resulting 
in a tsunami, environmental advisories and 
hazards management tools can provide 
valuable information before and after a natural 
hazard event.  Before natural hazards occur, 
advisories and warnings are often issued 
allowing the public to prepare for approaching 
danger.  The GCMD allows for the discovery 
of advisories and provides information on 
the groups that issue them.  The National 
Hurricane Center’s Tropical Prediction Center 
is one example:  http://gcmd.nasa.gov/getserf.
htm? National_Hurricane_Center.  It provides 
information on the hurricane center and 
links directly to the center where users can 
acquire the latest hurricane information.  This 
“service” description contains links to NOAA’s 
Hurricane Preparedness services record, which 
includes questions pertaining to how well 
prepared one might be for a hurricane.  Links 
to the answers are also provided.

PORTALS

The GCMD has created subset views of 
the directory through the use of “portals,” 
http://gcmd.nasa.gov/Data/portal_index.html.  
Portals were created to allow collaborators 
to share and maintain their metadata records 
without the need to create their own directory.  
A tropical cyclones portal (Figure 4) is a good 
example.  This portal allows users to locate 
data sets related to tropical cyclones.  Users are 
also able to select specific hurricanes, such as 
Katrina and Rita, and access the relevant data 
sets (Figure 5).  

Weir & others
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CONCLUSION

 Evidence indicates that natural disasters 
are increasing worldwide (EM-DAT, 2006) 
and estimates many thousands of casualties 
and billions of dollars in economic losses.  
No one can predict with 100% accuracy 
when and where the next natural disaster will 

occur; however, having information about 
previous events may assist in preparing for 
the future.  Access to scientific research data 
sets on natural hazards, such as hurricanes and 
tsunamis, is provided through NASA’s Global 
Change Master Directory (GCMD) data sets 
and data services. 

Figure 2.  Data Services home page.

Weir & others
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Figure 4.  Example of a portal – Tropical Cyclones.  The layout is similar to the GCMD Data Sets tab.
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Figure 5.  Examples of Hurricane Rita and Katrina metadata (DIF) records.
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INTRODUCTION

 Educators and practitioners in library 
and information science (LIS) conduct 
research to inform practice and choose the 
best methodology to gather data that will 
answer research questions.  Methodology 
refers to the research design and methods 
used to conduct a study.  Creswell (1994, p. 2) 
defines a quantitative research design as one 
that dictates an inquiry based on testing theory, 
measuring data with numbers, analyzing data 
with statistics, and determining predictive 
universals.  A qualitative research design 
dictates an inquiry process that is holistic, 
constructed with the view from informants, 
and conducted in a natural setting (Creswell, 

1994, p. 1-2). 
 In LIS studies, a quantitative research 
design may be adopted to count and measure 
the use of information sources, systems, 
or services in a library through a mailed 
questionnaire.  This methodology obtains 
statistical data on the use that is made of 
the library and librarian or in other words, 
the use of the overall library system.  In 
contrast, a qualitative research design may be 
employed to explore and identify viewpoints 
of people directly through data collection 
methods such as interview and observation.  
This methodology is chosen to study social 
phenomena and for example, to obtain data on 
the information needs of and from people who 
may or may not be utilizing the library system.  

FOSTERING COLLABORATION THROUGH QUALITATIVE RESEARCH 
METHODS: INVESTIGATING INFORMATION NEEDS OF GEOSCIENCE 

EDUCATORS

Dr. Susan Ward Aber
Lecturer and Map Library Manager, Earth Science Department

Emporia State University, Emporia, Kansas

 Abstract - Quantitative research designed to count and measure the use of information 
sources, systems, or services provided by the academic library and librarian does little to inform 
on the information needs of geoscience educators for teaching.  In contrast to a system-centered 
focus on the use of a library, this study employed a qualitative research design with a person-
centered focus to examine the information user and solicit the viewpoint of participants directly.
 An interpretive, naturalistic inquiry approach was employed to investigate the 
information needs and behaviors of geoscience educators for course development and instruction.  
Triangulation of research methods included interview, document review, and observation.  A 
purposive sample of seven educators from four universities located in Mid-western United 
States participated.  While the researcher was the primary data-gathering instrument, the study 
was conducted in the natural setting of participants, educators’ offices and classrooms.  Multiple 
interviews were transcribed verbatim; transcripts and document review analyses were checked 
for accuracy and interpretation by participants. 
 In contrast to past research findings, this study demonstrated for university teaching that 
preference went beyond the use of books or journals and that these educators bypassed their 
academic libraries and librarians.  While these research results cannot be generalized for all 
educators, this research design may act as a model to foster collaboration between the geoscience 
educator and librarian to raise awareness of current library services and lead to new opportunities 
to enhance teaching. 
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While both approaches inform practice, the 
latter has a person-centered focus and the 
former, a system-centered focus.

BACKGROUND

Adopting a qualitative research 
methodology with a person-centered focus 
in which data are collected directly from the 
person under study is recommended for LIS 
research on information users (Case, 2002).  
Bichteler and Ward (1989) and Gralewska-
Vickery (1976) specifically advocated this 
methodology in their landmark studies 
focused on information needs and behaviors 
of geoscientists in various workplaces.  Thus 
in a recent study, a qualitative research 
methodology was chosen to investigate 
information needs and concerns of university 
educators in the geosciences (Aber, 2005).  
The rationale for using this research 
methodology became clear after a pilot study 
showed educators in the geosciences bypassed 
their academic libraries and librarians, and a 
literature review revealed many quantitative 
studies on the use of the library system yet few 
qualitative studies specific to geoscientists and 
their university teaching roles. 

One purpose for investigating 
university educators in the geosciences is 
to inform current and potential academic 
librarians and LIS educators on this set of 
people and the resources needed and used in 
course development and instruction.  Brown 
(1999) reported that university faculty 
preferred textbooks to support teaching 
in the sciences.   Data collection methods 
included a questionnaire wherein educators 
were given choices of journals, monographs, 
textbooks, preprints, personal communications, 
conference attendance and proceedings.  The 
conclusions of this study did affirm the use of 
textbooks in science teaching, but geoscientists 
were not questioned and this research design 
did little to reveal the viewpoint of educators 

directly for course development and instruction 
beyond the choices on the survey.  Hence, 
another purpose for research is to compare 
results and test benefits of using a qualitative 
research methodology with the conclusions of 
quantitative research. 

QUALITATIVE RESEARCH 
DESIGN AND METHODS

Geoscience educators use a variety of 
resource types and instructional media tools in 
their classroom teaching to facilitate student 
understanding of concepts and processes 
that define subject areas for introductory 
geoscience courses (Aber, 2005).  These and 
more specific findings were revealed in a 
research study using a qualitative research 
methodology referred to as naturalistic inquiry.  
According to Lincoln and Guba (1985, p. 
224-225), naturalistic inquiry is imperative to 
facilitate a “continual unfolding of the inquiry” 
and to “lead to a maximal understanding (in 
the sense of verstehen) of the phenomenon 
being studied in its context.”  Denizen 
and Lincoln (1998) further developed this 
research design and emphasized including an 
interpretative approach. 

A study of university educators 
using naturalistic inquiry means data are 
collected directly from the natural setting 
of an educator’s office and classroom.  
An interpretive approach means the 
participants contribute to the interpretation 
of selected documents, inquiry responses and 
perceptions.  Specifically, the recommended 
data collection is through a triangulation 
of methods, including semi-structured 
interviews, classroom observations, and 
document reviews.  Multiple interviews and 
observations should be conducted, recorded, 
and transcribed. Interview verbatim transcripts, 
as well as noted information from classroom 
observations, should be checked for accuracy 
and interpretation by participants.  Documents 

Aber
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used to support and enhance teaching 
offered by participants may include syllabi, 
assignments, power point slides, custom 
textbooks, and course web pages.  In order to 
assemble a list of information resources and 
topics from these documents, interviews, and 
observations, participants should be asked to 
contribute to the researcher’s analyses.     

Research participants can be drawn 
from purposive sampling, which means 
selecting participants who could best inform 
the study with their perspective on the 
problem.  A population of university educators 
can be chosen based on recommendation by 
department chairpersons, which can lessen 
any potential researcher bias.  In obtaining 
input from chairpersons, exemplary educators 
can be identified who teach the courses the 
researcher targets to inform librarians and 
library educators on the information needs and 
concerns of these educators. 

THE STUDY

Seven geoscience educators from four 
state-supported, public universities located in 
the Mid-western United States participated 
in a naturalistic inquiry study (Aber, 2005).  
The universities had from 14,000 to 30,000 
students and are located in cities ranging 
from over 42,000 to 440,000 in population.  
Participants’ research and teaching specialty 
backgrounds were given as tectonics, 
atmospheric science, structural geology, 
seismology, micropaleontology, earth science 
and earth science education.  Participants had 
from less than five years teaching experience 
to over 40 years, and the five females and 
two males included every academic rank, 
from graduate student to full professor.  Data 
were collected over seven months through 
15 interviews, 20 to 70 minutes each, and 
eight classroom observations, 80 to 120 
minutes each.  Course documents provided 
by participants included syllabi, lecture notes, 

exams, assignments, course website, and a 
customized laboratory book.  Documents, 
interviews transcripts, observation notes, and 
correspondence generated over 500 pages of 
data for analysis. 

Results of this qualitative research 
study can not be generalized over the entire 
population of geoscience educators.  However, 
acquiring viewpoints of these participants 
directly can inform academic librarians on 
the potential for information needs beyond 
textbooks and beyond the use of resources 
in a library facility.  Results of this research 
also serve as an exemplar study to show how 
adopting a qualitative research methodology 
with a person-centered focus can communicate 
a proactive role of librarian to geoscientists and 
can foster collaboration between the librarian 
and educator as well. 

FINDINGS

 Contrary to Brown’s (1999) finding that 
science faculty choose textbooks or journals 
as important resources to support teaching, the 
participants in this study did not rank these 
sources highly.  Textbooks, other than the 
course textbook, were mentioned for finding 
demonstration ideas or images, and journals 
were used for keeping current in their field 
of study.  With regard to the course textbook, 
one participant explained, “When I develop 
the course, I use my research and expertise, 
then look for a book that bolsters what I say in 
class.”  Another participant said, “I supplement 
the pictures and text from the course book with 
my own images and experiences.”  
 According to the data from interviews, 
observations, and document reviews, 
participants expected students to read the 
textbook, but they relied upon classroom 
demonstrations and visual media to explain 
geoscience topics and concepts.  The most 
important resources mentioned to and 
observed by the researcher to support and 

Aber
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enhance teaching were visual media sources 
including photographic slides, prints, & 
digital images; animations & cartoons; maps/
globes; rock, mineral, and fossil specimens; 
museum or hallway displays; field trip 
guidebooks; seismograms & seismic software; 
meteorological records and the like.  These 
findings were obtained through a qualitative 
research methodology and have implications 
for academic librarians and library school 
educators.

IMPLICATIONS AND CONCLUSIONS

 In addition to identifying resources 
and topics used for course development 
and instruction, participants admitted they 
were currently bypassing their present 
academic libraries and librarians because 
they perceived them to be of little value for 
teaching.  While most participants mentioned 
positive experiences in the past with 
geoscience specialty libraries and librarians, 
their assessments of current situations were 
somewhat negative.  One stated, “they 
[academic librarians at their current university] 
don’t speak our language;” another said, “it 
would take too long to explain where they 
would need to go to find what I want.”  Yet 
another participant said, “I think my academic 
library is responding to educators who request 
material for their research and thus the 
resources for teaching introductory courses are 
too specialized and too technical for entry level 
students.”  
 One implication from this study is that 
subject specialty librarians are highly thought 
of and are likely aware of the information 
needs and concerns of geoscientists, yet this 
subject specialty knowledge is not common 
among all academic librarians or library school 
educators.  Directions for the future could 
be that geoscience specialty practitioners 
publish their research findings in mainstream 
LIS journals and that library school educators 

acknowledge subject specialty publications and 
incorporate findings in LIS course work. 

Most participants could not name 
their department academic library liaison, 
but did recognize this person as the one 
who provides the list of upcoming journal 
cancellations.  Barriers common to several 
participants were lack of time for organizing 
visual media collections and coordinating 
these resources with other faculty who taught 
different sections of the same courses.  While 
none of the participants had thought of asking 
their liaisons for help, the implication is clear 
that mediation and collaboration opportunities 
exist for librarians and geoscience educators in 
repackaging personal collections and creating 
internal collection development within the 
academic library.

Finally, by the second interview 
encounter, several participants indicated 
that the interview questions and subsequent 
discussions had changed their perspectives 
about the role of their academic library and 
librarian.  One participant pointed out that, 
“We tend to look at the library as a place to 
go to, not as a place that comes to you.”  One 
participant indicated that in future semesters 
she would initiate contact with the liaison 
regarding teaching materials such as audio-
visual resources, while another participant 
suggested he would invite a librarian to 
class to discuss the appropriate and available 
geoscience resources accessible through the 
library for his class.  The obvious implication 
is that conducting face-to-face interviews, 
document reviews, and classroom observations 
can alter the perspectives of geoscience 
educators regarding the role of the academic 
library and librarian. 
 While a mailed questionnaire can 
be valuable for examining the use that is 
made of current collections and services, an 
interview or observation has potential for 
understanding information needs and concerns 
of the information users.  In conclusion, a 

Aber
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qualitative research methodology provides 
opportunities for collecting valuable data 
and for fostering collaboration among 
university educators and academic 
librarians.
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INTRODUCTION:
  
 DLESE was developed to be a service 
for geoscience educators and anyone else 
interested in teaching and learning about 
the earth system. We have been involved in 
collaborative collection development and 
management projects at different stages of the 
development of DLESE since 1999, when the 
project was conceived. In this paper, we will 
focus on some of the collaborative processes 
involved in building and managing the 
collection of educational resources, although 
there are many other dimensions to DLESE, 
such as outreach and workshops for educators. 
When DLESE was publicly launched in 
2001, there were 845 metadata records for 
educational resources, and as of October 
2005,  there were over 11,400 records. We 
will give a brief overview of the educational 
resources collection as a whole, discuss how 
this collection has been built through 2005, 
and by whom, and describe the collaborations 
in which we have been involved. We will 

conclude with a summary of the results 
of these collaborations, and contrast this 
collaborative collection development model for 
digital resources with the more familiar library 
subject specialist model for print and digital 
collection development.  
 DLESE provides a very interesting 
example of a collaborative collection 
development project because it involves 
librarians, geoscientist researchers and 
educators, teachers from all settings, and 
metadata professionals. These diverse groups 
are connected by funding agencies and a 
central project management and technology 
team. The collaborations described here were 
not the only forces driving the development of 
the DLESE Educational Resources Collection 
but were certainly very influential.  

DLESE Educational Resources

 Resources in DLESE can be individual 
resources or thematic collections of resources. 
These resources can be in the broad collection 

COLLABORATIVELY DEVELOPED COLLECTIONS: DLESE,
 THE DIGITAL LIBRARY FOR EARTH SYSTEMS EDUCATION
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 Abstract -- A major goal of DLESE, the Digital Library for Earth Systems Education, is 
to provide a web accessible collection of high quality materials to support earth systems edu-
cation for a broad audience. The materials are in many cases created for and by teachers, and 
contributed or collected from many sources. DLESE uses a collaborative model for collection 
development and management, including a committee structure for high-level collections over-
sight, and a collaborative grant funded project model for collection building, assessment, cata-
loging and review. These collaborations involve librarians, educators, scientists and technology 
specialists. DLESE provides a testing ground for these new models of collaborative collection 
development and management in the digital information age. The authors have been involved in 
several aspects of these collaborations within the DLESE framework, and will discuss the chal-
lenges and advantages of this approach to collection development and management. 
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or in the reviewed collection. Resources may 
have been submitted by community members, 
contributed through funded projects to fill gaps 
in the collection identified through analysis, 
and as themed collections. 
 In contrast, in an academic library 
the subject specialist or bibliographer is 
primarily responsible for the major collection 
development and management decisions. 
However, this frequently requires cooperation 
among various parts of the institution served 
by the library, and sometimes involves 
cooperation with other libraries. Input from 
faculty and other members of the academic 
community is sought of course, but the subject 
specialist or bibliographer makes the final 
decisions.
  Metadata is required for each resource 
and each collection. At DLESE’s inception 
the concept was to have resource nominators 
create metadata using a DLESE created tool. 

It became clear that the metadata needed 
to be far more complex and standardized.  
Currently, most of the metadata is created by 
the resource or collection creator with the help 
of expert staff at the DLESE program center. 
The American Geological Institute, through 
GeoRef, was funded to create metadata under 
these same rigorous standards for resources 
that were collected through funded activities to 
fill gaps.
 
DLESE Collections Committee

 The Collections Committee was one 
of the standing committees created with the 
initial planning for DLESE. The standing 
committees reported to the DLESE Steering 
Committee. The Collections Committee was 
made up of a diverse group of scientists from 
different disciplines within the earth scientists, 
teachers, and librarians. In the early years the 

DLESE Homepage (www.dlese.org)

DeFelice & Larsen
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Committee was tasked with setting policies, 
to be ratified by the Steering Committee, for 
the building of the DLESE collection. Kim 
Kastens was the first chair of the committee 
and they did a great deal of work establishing 
the ground rules for quality resources and 
metadata. The DLESE community, in the 
broadest sense, has always been an important 
part of the process. Individuals could join a 
Collections discussion group and be involved 
in the ongoing process of setting policies and 
standards.
 After 2003, the Collections Committee 
became less involved in setting policies and 
more involved in ensuring the application of 
the policies. This was especially true when 
thematic collections of resources, rather than 
individual resources, began to be accessioned 
in to DLESE. The Collections Committee also 
played a role in evaluating resources that had 

passed the more rigorous requirements to be 
designated a reviewed resource.
 The accessioning of themed collections 
involved a great deal of contact with the 
DLESE Program Center. The process required 
that the collection be described in a scope 
statement adhered to specific guidelines. A 
metadata record had to be created for the 
collection and for each resource within the 
collection. The collection was then evaluated 
by the Collections Accessioning Task Force, a 
sub-committee of the Collections Committee.
(www.dlese.org/documents/policy/index.html)
 Resources could be accessioned into 
DLESE’s reviewed collection two ways.  
Reviewed collections had to follow a rigorous 
review process for each resource in the 
collection that was clearly articulated in the 
collection’s scope statement. These criteria are 
laid out in the DLESE Reviewed Collection 

Sub-divisions of the DLESE  Collection

This is a schematic of the basic resources categories in DLESE. From Kastens, and others (2005)

DeFelice & Larsen
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Best Practices document:
•	 Scientific accuracy 
•	 Importance or significance 
•	 Pedagogical effectiveness 
•	 Completeness of documentation 
•	 Ease of use for teachers and learners 
•	 Inspirational/motivational for learners 
•	 Robustness as a digital resource

  (http://www.dlese.org/Metadata/collections/
drc-best-practices.htm)
 Individual resources could be 
nominated for review through the Community 
Review System (CRS) developed by Kim 
Kastens with a grant funded by NSF. (http://
crs.dlese.org/) The basic review requirements 
are the same for both pathways to reviewed 
status.
 The DLESE Program Center (DPC) 
was critical in coordinating resource 
development and accessioning as the digital 
library environment became more and more 
complex. The evolution of metadata quality is 
a good example. The current metadata model, 
ADN (ADEPT/DLESE/NASA), is far more 
complicated and robust than first imaged in 
the planning for DLESE. It is XML schema-
based, requiring data typing and the use of 
controlled vocabularies which enhances 
effective browsing of the collection. Creating 
the correct metadata requires input from the 
DPC metadata specialists. (www.dlese.org/
Metadata)

DLESE Collections: Collaborative Project

 The collaborative processes described 
here were accomplished under two NSF/NSDL 
(National Science Digital Library) grants: 
1. Collaborative Project: To Gather, Document, 
Filter and Assess the Broad and Deep 
Collection of the Digital Library for Earth 
System Education, NSF Grant #0085839, 
2000-2002
2.  Collaborative Project: To Enhance the 
Depth, Breadth, and Quality of the Collections 

of the Digital Library for Earth System 
Education, NSF Grant #0226233, 2002-2004.
 The project had four distinct but 
interrelated components, each with a Principle 
Investigator (PI) with different professional 
education and experience:

•	 Identifying individual resources for 
the collection: PI Chris DiLeonardo, 
a professor at Foothill Community 
College with classroom experience and 
experience in developing materials for 
introductory level and field geology 
courses.  

•	 Applying metadata to the resources 
selected:  PI Sharon Tahirkheli, AGI 
and Director of GeoRef, who managed 
this indexing project and hired and 
trained staff for it. 

•	 Review system development:  PI 
Kim Kastens, Lamont-Doherty Earth 
Observatory, a geoscience educator, 
oceanographic researcher, and 
professor of science journalism, led 
the development of a detailed review 
system, in response to the concern that 
geoscience educators needed a system 
that would help them get academic 
credit for developing excellent and 
tested learning resources. 

•	 Collection assessment: PI Barbara 
DeFelice, science librarian at 
Dartmouth College.  

 An issue for the early developers was 
the need to increase the number of items in 
the collection quickly, by including lots of 
links on specific topics. Another concern was 
coverage of all subjects, learning resource 
types and learning levels for the unknown 
audience. These issues provided the impetus to 
include a regular assessment of the size of the 

DeFelice & Larsen
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collection (despite the shortcomings of that 
as a measure) and the use of that collection 
to determine if certain types of materials 
needed to be a focus of the efforts of the 
collaborators in charge of selecting materials. 
There were several collection building 
partners, primarily Chris DiLeonardo, Dave 
Mogk (Montana State University) and later 
Sharon Tahirkheli and her group. Several 
groups formed to develop themed collections, 
such as DWEL, the Digital Water Education 
Library, and these operated under different 
funding arrangements, with a great deal of 
volunteer labor involved in developing scopes 
and procedures, as well as in identifying and 
describing resources. 
 Collection assessment involved 
collecting a lot of data, and it took quite a 
while to establish standards for this. The 
collection assessment team and the DLESE 
Program Center technical team worked in 
an iterative manner on this for several years. 
As more people saw this data, more gaps 
in the collection were noted and materials 

were added in those areas. Examples include 
field trip guidebooks, geographically based 
materials and audio materials. It is important 
to use interviews, surveys and other kinds 
of user studies to supplement usage and 
collection depth statistics to determine what 
users want in the collection.  
 For collaboration to work in this 
interdisciplinary digital library environment, 
people needed to get to know each other, to 
understand common goals, and be able and 
willing to communicate across the many 
boundaries of depth and type of experiences, 
professional background and training, 
personal and professional priorities. Each 
individual brought preconceptions with them, 
conscious or not. Early preconceptions in 
working with DLESE were that cataloging 
is a relatively easy thing to do, anyone can 
learn, and librarians work only with print 
collections and were unfamiliar with the 
digital environment. This changed with time 
and understanding. Through this process 
of collaborative collection development, 

Community Review system: crs.dlese.org

DeFelice & Larsen
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expertise was shared about library collection 
management, the challenges faced by science 
educators and the needs of these educators 
at different levels for easy to find and use 
materials mapped to educational standards. 
In the process, all our perspectives were 
broadened. 

CONCLUSION:

 It is gratifying to see the DLESE 
collection used in ways envisioned by 
geoscience educators. A good example of this 
is Chris DiLeonardo’s “Virtual Geoscience 
Textbook”(http://crs.dlese.org/testbed/
Textbook/VT_Contents.html), created from 
resources in DLESE, and a model of the 
kinds of tools educators are now requiring 
and librarians need to learn to include in the 
scope of their collection development work. 
Currently, the funding for the grant for the 
collaborative project has come to an end, and 
the Collections Committee has been disbanded. 
The processes and personnel for DLESE 
collection development and management are 
in flux and it will be interesting to see what 
directions it takes next. However, the current 
Educational Resources Collection in DLESE 
remains an organized, searchable, evaluated, 
and valuable tool for teachers and learners 
concerned with the earth system.  

REFERENCES:

Community Review System: crs.dlese.org

DiLeonardo, Chris, 2004.ed., 2004. Virtual 
Geoscience Textbook, DLESE, (http://crs.
dlese.org/testbed/Textbook/VT_Contents.html)

DLESE Homepage: www.dlese.org
Collection policies: www.dlese.org/

documents/policy/index.html
Collection Assessment Website: (http://
www.ldeo.columbia.edu/edu/DLESE/

assessment/index.html)
Metadata requirements: (http://www.
dlese.org/Metadata)
Reviewed collection best practices:    
(http://www.dlese.org/Metadata/
collections/drc-best-practices.htm

Kastens, Kim; DeFelice, Barbara; Devaul, 
Holly; DiLeonardo, Christopher; Ginger, 
Katie; Larsen, Suzanne; Mogk, David; and 
Tahirkheli, Sharon, 2005, Questions & 
Challenges Arising in Building the Collection 
of a Digital Library for Education: Lessons 
from Five Years of DLESE, D-LIB, November, 
v. 11, no. 11. [doi: 10.1045/november2005-
kastens]  

Acknowledgements
:

• Some of the work described in this 
paper has been supported by National 
Science Foundation (NSF) grants 
DUE02-26233, DUE02-26292 and 
DUE02-85839.

•	 Any	opinions,	findings,	and	conclusions	
or recommendations expressed in this 
material are those of the authors and 
do	not	necessarily	reflect	the	views	of	
the NSF.

• Collections development work was 
carried out by many people; special 
credit for the work discussed here goes 
to Chris DiLeonardo and Dave Mogk.

• Collections analysis work was carried 
out by Constance Rinaldo and Barbara 
DeFelice; collections description 
and usage data was provided by John 
Weatherly and his team; Neil Holzman 
prepared graphs; Kim Kastens 
developed the review system and 
consulted on the analysis. 

DeFelice & Larsen



21

GSIS Proceedings 2005

• DLESE Collections Committee

• DLESE Program Center staff

DeFelice & Larsen





23

GSIS Proceedings 2005

STATE GEOLOGICAL SURVEY REPORTS IN THE GEOREF DATABASE: 
COMPARISONS 1985 AND 1993-2004
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 Abstract - A major function of state geological surveys is the production of geoscience maps 
and reports. Because these reports are primary sources, the GeoRef indexers try very hard to 
include all of them in the database.
 Decades ago, geological survey reports were only available in hard copy. Copies were 
routinely distributed to libraries (on deposit) and to research organizations (on scientific 
exchange). However, as budgets shrank and printing costs rose, most surveys have issued fewer 
items as formal reports (Bulletins, etc.) and issued more of their reports as Open Files. Because 
of costs, the surveys have also sharply reduced their depository and exchange programs. Because 
they were often self-defined as less important, the Open Files were often not included in the 
depository or scientific exchange program. Additionally, in recent years, an increasing number of 
state survey maps and reports have been available digitally, and sometimes as digital-only. 
 What– if any– impact have these progressive changes in availability had on the inclusion 
rate of state geological survey reports in GeoRef? A review was undertaken of the recent (1993 
through 2004) state survey reports included in the GeoRef database to assess that. Comparisons 
were made of the inclusion of formal reports, open file reports, and digital reports. These 
statistics were compared to a prior study of the inclusion rate of a small set of 1985 state survey 
reports in the GeoRef database. 

BACKGROUND

 Sharon Tahirkheli, Director of GeoRef, 
asked me to determine the coverage of 
state geologic survey reports in the GeoRef 
database. For that review, all of the surveys 
publications were reviewed back to the earliest 
reports. 
 However, she was particularly concerned 
about the inclusion of recent reports and 
especially of digital reports. Therefore, for 
that portion of the study, only the reports in 
the digital age (defined, for this purpose, as 
starting in 1993) were included. 

METHODOLOGY

 The publications list for each state survey 
was downloaded from their website. For the 

states that included only in-print items in their 
publications lists, every attempt was made 
to reconstruct the full list from library online 
catalogs. The four states with insufficient data 
(Connecticut, Hawaii, Massachusetts, and 
Rhode Island) were excluded. The two states 
with exceedingly high numbers of publications 
(Alaska and Maine) were dealt with separately, 
lest they skew the numbers, although all 2,802 
of their reports were searched for in GeoRef. 
The 4,350 published reports and 3,941 open 
file reports of the remaining surveys issued 
from 1993 through 2004 were all searched in 
the GeoRef database. The author felt it was 
important to separate the open file reports from 
the published reports because state surveys 
frequently treat them differently.
 The digital files are particularly 
problematic. Their visibility in the surveys’ 
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websites is highly variable. Some states 
carefully linked all their digital reports from 
their publications list, but many others do 
not. Other digital reports are buried in the 
websites, or digitized by external organizations 
(sometimes, apparently, without the state 
survey’s knowledge). Some egregious 
examples: California’s ‘Seismic Hazard Zone 
Report’ reports are all available as digital files, 
but they are not  included in the publications 
list. Most of the Georgia reports are available 
digitally (through the Georgia state library), 
but the author could find no links of any kind 
from the Georgia state survey’s publications 
list or website to those reports. Additionally, 
as we all know, websites and hypertext links 
can be extremely changeable– it might be 
there today, but there’s no guarantee it will 
be tomorrow. The author found many digital 
reports, but probably didn’t find them all, and 
is certain that what she found six or twelve 
months ago would be different from what is 
available today. 
 Some digital reports are also available in 
hard copy; some are digital only. The author 
did not quantify that distinction. 
 The results are given in Appendix 1 by 
named series for each state. Appendix 2 

compares the totals of published, open filed, 
and digital reports for each state. Figures 1 and 
2 compare the totals for the 1993-2004 reports. 

Results 1993 through 2004

 For the 4,350 published reports issued by 
all states (excluding AK, CN, HI, MA, ME, 
and RI), 1,639 (37.3%) are in GeoRef . For 
those 4,350 published reports, 1,216 (28.2%) 
are available digitally. Of those digital reports, 
420 (9.5% of the total 4,350) are in GeoRef. 
 For the 3,941 open file reports issued by 
all states (excluding AK, CN, HI, MA, ME, 
and RI), 966 (24.5%) are in GeoRef. For 
those 3,941 open file reports, 641 (5.6%) are 
available digitally. Of those digital reports, 133 
(3.4% of the total 3,941) are in GeoRef. 
 Alaska and Maine were highly anomalous, 
both in quantity of reports issued and in 
coverage in GeoRef (Table 1, Figure 2). 
Neither state issued reports the author 
identified as ‘open files’. From 1993 through 
2004, Alaska issued 1,515 reports, 901 of 
which (59.5%) were in GeoRef. Of the total, 
1462 were available online, 890 of which 
(58.7%) were in GeoRef. From 1993 through 
2004, Maine issued 1287 reports, 15 of which 

number issued number in 
GeoRef

number online online and in 
GeoRef

pub OF pub OF pub OF pub OF

Alaska 1515 0 901 0 1462 0 890 0

Maine 1287 0 15 0 0 0 0 0

totals 2802 916 1462 890

percentage: AK 59.5 96.5 58.7

percentage: ME 1.2 0 0

Table 1: State Geological Surveys with extremely high publication rates: in the GeoRef 
database, available online, and both

Manson
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(1%) were in GeoRef. Maine released none of 
those reports as digital files (Table 1, Figure 2). 

An Historical Comparison

 A previous study of state geological 
survey reports (Manson and Haner, 1989) 
provides a useful comparison. That study 
had two goals: 1. To determine the ratio of 
published to open filed reports; and 2. To 
determine the inclusion rates of published and 
open filed in the GeoRef database. The original 
data are no longer extant, but the tables and 
figures were reconstructed from the summary 
of that study published in Geotimes. 
 The study examined the approximately 
2,800 reports issued from 1965 through 
1987 by eight state surveys (Colorado, 
Florida, Iowa, Kansas, Missouri, Montana, 
New Mexico, and Washington). The ratio of 
published to open file reports by year is shown 
in Figure 3. 
 The 122 reports issued by those state 
surveys in a single year (1985) were checked 
in GeoRef. Of the 46 published reports, 39 
(84%) were in GeoRef. Of the 76 open file 
reports, 9 (12%) were in GeoRef (Figure 4). 
While this is a very small sample, it is telling.
 Table 2 compares the coverage in 
GeoRef for the 1993-2004 reports to that for 
the 1985 reports (see also Figures 1 and 4). 

There is much less inclusion for the recent 
published report although coverage of the open 
file reports has increased.

CONCLUSION

1.  Published reports: There has been a 
marked reduction in the inclusion rate of state 
geological survey published reports in the 
GeoRef database: from 84% for 1985 to 37% 
for 1993-2004. 
2.  Open file reports: There has been a 
significant increase in the inclusion rate of state 
geological survey reports reports in the GeoRef 
database although it is still relatively low: from 
12% for 1985 to 24% for 1993-2004. 
3 Digital published reports: For the 1993-
2004 sample, 1,216 of the total 4350 (28.2%) 
state survey published reports were available 
digitally. Of those, 420 (9.5% of the total 
4,350) were in GeoRef. Since 420 of the 1,216 
digital published reports, were in GeoRef, 
the inclusion rate is 34.5%. For the 1993-
2004 sample, 641 of the total 3941 (28.2%) 
state survey open file reports were available 
digitally. Of those, 133 (3% of the total 4,350) 
were in GeoRef. Since 133 of the 641 digital 
open file reports were in GeoRef, the inclusion 
rate is 20.7%.
 
REFERENCES 

print pub print open file digital pub digital open file

1993-
2004

37.3% 24.5% 9.5% of the total
34.5% of the digital 
reports

3% of the total
20.7% of the digital 
reports

1985 84% 12% NA NA

Table 2. Relative inclusion of state reports in GeoRef, for items issued 1993-2004 (n=8,291) 
vs. 1985 (n=122)

Manson
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figure 2

Manson, C. J.; Haner, B. E., 1989, At state 
surveys research reports vary in availability: 
Geotimes, v. 34, no. 6, p. 15-16. 
 

figure 1
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figure 3

figure 4
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Appendix 1: State Geological Survey Publications by State and Named Series: in the GeoRef database, available online, and both 

Alabama, 1993-2004 

series number issued number in GeoRef number online online and in 
GeoRef 

Bulletin 25 17 0 0 

Circular  49 38 2 1 

Educational Series 16 1 1 0 

Information Series 20 19 0 0 

Monograph 2 1 0 0 

Oil and Gas Report 10 6 0 0 

OGSM 2 0 0 0 

Quadrangle Series 27 9 8 2 

Special Maps 12 9 0 0 

Totals  163 100 11 3 

Alaska, 1993-2004 

series number issued number in GeoRef number online online and in 
GeoRef 

Geophysical Report 264 0 238 0 

Information Circular 16 11 16 5 

Miscellaneous Publication 100 37 96 36 

Public Data File 882 673 859 669 

Preliminary Investigative Report 26 4 26 4 

Professional Report 65 51 65 51 

Raw Data File 17 2 17 2 

Report of Investigation 133 115 133 115 

Special Report 12 8 12 8 

Totals 1515 901 1462 890 

Arizona, 1993-2004 

series number issued number in GeoRef number online online and in 
GeoRef 

Circular 2 0 0 0 

Contributed Reports 41 0 0 0 

Digital Information 21 0 0 0 

Manson
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Down To Earth 13 6 1 1 

Open File Reports 221 0 1 0 

Special Papers 2 2 0 0 

Totals 300 8 2 1 

Arkansas, 1993-2004 

series number issued number in GeoRef number online online and in 
GeoRef 

Bulletin 1 1 0 0 

Guidebooks 3 2 0 0 

Information Circulars 5 3 0 0 

Miscellaneous Publications 1 1 0 0 

Pamphlets 6 0 1 0 

SS 1 0 1 0 

Water Resources Circulars 2 1 1 0 

Totals 19 8 3 0 

California, 1993-2004 (The PDFs are not in the publist, but are buried in the website) 

series number issued number in GeoRef number online online and 
in GeoRef 

Bulletin 1 0 0 0 

CD_ROMS 16 0 0 0 

Geologic Data Maps 1 1 0 0 

Miscellaneous Publications 4 4 0 0 

Map Sheetsn 8 8 0 0 

Open File Report 143 33 35 0 

OSMS 29 1 0 0 

Regional Geologic Maps 2 0 0 0 

Seismic Hazard Zone Report (series is not in 
the publist, but is buried in the website) 

68 0 68 0 

Special Publications 20 11 3 0 

Special Reports 5 3 0 0 

Totals 297 61 106 0 

Manson
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Colorado, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Bulletin 4 3 0 0 

Environmental Geol. 1 0 0 0 

Information Series 33 29 0 0 

Map Series 8 7 0 0 

Open File Report 136 136 0 0 

Resource Series 32 29 0 0 

Special Publication 17 14 0 0 

Totals 231 218 0 0 

Connecticut (not enough data) Hawaii (not enough data) 

Delaware, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Bulletin 2 2 0 0 

Digital Data Products 2 0 2 0 

Fact Sheets 4 0 4 0 

Geologic Map Series 5 3 5 3 

Hydrologic Map Series 4 4 3 3 

Miscellaneous Map Series 1 0 1 0 

Open File Reports 9 6 8 6 

Reports of Investigations 18 16 16 14 

Special Publications 7 6 7 6 

Totals 52 37 46 32 

Florida, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Biennial Report 5 1 0 0 

Bulletin 2 1 1 0 

Information Circular 4 3 1 1 

Map Series 13 10 1 1 
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Open File Map Series 108 0 0 0 

Open File Report 22 15 5 3 

Reports of Investigations 3 2 0 0 

Special Publications 17 12 2 1 

Totals 174 44 10 6 

Georgia, 1993-2004 Note: none of the PDFs in the “Georgia Government Publications” database are linked from the 
Georgia online publist 

series number issued number in GeoRef number online online and 
in GeoRef 

Bulletin 11 11 3 3 

Circular  18 18 12 14 

Geologic Atlas 3 3 0 0 

gg-7 1 1 0 0 

Hydrologic Atlas 2 2 0 0 

Information Circular 16 16 14 14 

Miscellaneous Publication 1 0 0 0 

Open File Reports 3 1 2 1 

Project Reports 34 31 33 31 

Publication CD 5 3 5 3 

sm 1 0 0 0 

Totals 95 86 69 66 

Idaho, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Bulletin 1 0 0 0 

Digital Geol. Maps 6 0 6 0 

Digital Web Maps 29 0 29 0 

Geonotes 23 18 22 0 

Geologic Map 16 6 16 5 

Information Circular 5 0 0 0 

Maps 2 1 1 0 
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Staff Report 86 0 0 0 

Surficial Geol. Maps 10 0 10 0 

Technical Reports/Open File Reports 153 68 13 0 

Totals 331 93 97 5 

Illinois, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Annual Reports 7 3 4 0 

Bulletin 10 7 0 0 

Circular 14 12 0 0 

Cooperative Groundwater/Resources 
Reports 

5 5 0 0 

Environmental Geology 13 9 0 0 

Field Tip Guidebooks 31 17 0 0 

Guidebooks 9 8 0 0 

GeoBit 12 0 12 0 

Geoscience Education Series 6 5 0 0 

Illinois Basin Studies 4 1 0 0 

Illinois Geologic Quadrangle Map Series 
38 0 0 0 

Illinois Map Series 12 7 0 0 

Illinois Minerals  17  11 0 0 

Illinois Mine Subsidence Research Program 
7 6 0 0 

Illinois Petroleum 21 17 0 0 

Illinois Preliminary Geologic Map 6 0 0 0 

Illinois Scientific Surveys Joint Report 1 0 0 0 

Open File Series 165 98 8 8 

Oil and Gas Development Maps 86 0 0 0 

Special Reports 2 2 0 0 

Totals 466 208 24 8 
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Indiana, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Bulletin 3 3 0 0 

Circular 1 1 0 0 

Computer Database 2 1 1 0 

CPG-Professional Geologists Roster 1 0 0 0 

Directory 2 1 0 0 

Geochemistry Series 1 1 0 0 

Illinois Basin Series 9 9 0 0 

Mineral Economic Series 4 3 0 0 

Miscellaneous Item 5 0 0 0 

Miscellaneous Map 14 9 1 1 

Open File Study 188 12 9 0 

Occasional Paper 4 4 0 0 

Preliminary Coal Map 17 11 0 0 

Special Report 11 9 0 0 

Totals 262 64 11 1 

Iowa, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Annual Reports 3 3 0 0 

Educational Materials 22 2 21 2 

Educational Series 2 1 2 2 

Guidebook Series 7 3 6 3 

Miscellaneous Publications 6 2 0 0 

Open File Map 32 0 24 0 

Open File Report 2 2 0 0 

Special Reports 1 0 1 0 

Technical Information Series 23 19 23 19 no urls 

Totals 98 32 77 26 
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Kansas, 1993-2004 
series number issued number in GeoRef 

number avail. 
online 

online and 
in GeoRef 

Bulletin 21 15 9 1 

Educational Series 6 2 1 0 

Maps–M Series 73 0 0 0 

Open File Report 824 11 121 5 

Public Info. Circu 16 7 0 0 

Technical Series 19 11 0 0 

Totals 959 46 131 5 

Kentucky, 1993-2004 (note: the online index includes numerous duplicates and non-KGS items. Consequently, this table 
may be incorrect.) 

series number issued number in GeoRef number online online and 
in GeoRef 

Annual Report 9 2 2 0 

Bulletin 2 2 0 0 

County Report 36 0 36 1 

Digital Pub 5 0 1 0 

Digitally Vectorized 284 0 0 0 

Field Guides 4 3 1 1 

Geologic Map Series 7 1 6 1 

Information Circular 28 17 11 4 

Map & Chart 99 19 96 18 

Open File Report 152 0 130 0 

Report of Invest. 17 15 17 14 

Special Publications 6 2 3 0 

Totals 649 61 303 39 

Louisiana, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Anthropological  Studies 1 0 0 0 

Basin Research Energy 4 1 0 0 
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Bulletin 1 0 0 0 

Coastal Geology Technical Reports 1 0 0 0 

Educational Series 4 0 0 0 

Folio Series 1 0 0 0 

Geological  Pamphlets 4 0 0 0 

Geologic Maps 1 0 0 0 

Geologic Quadrangle Maps 8 0 0 0 

Guidebook 2 0 0 0 

Mineral Resources Maps 1 0 0 0 

Open File 12 5 0 0 

Public Information 10 0 0 0 

Report of Investigations 4 0 0 0 

Totals 54 6 0 0 

Maine, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

catalog 1280 8 0 0 

other reports 7 7 0 0 

Totals 1287 15 0 0 

Maryland, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Basic Data Reports 2 1 0 0 

Bulletin 1 1 0 0 

Coastal Bays Geologic Maps 3 0 3 0 

Digital Map Series 1 0 1 0 

Educational Series 5 3 1 0 

Fact Sheets 16 0 16 0 

Geologic Guidebooks 1 1 0 0 

Information Circulars 2 1 1 1 

Mineral Resources Investigations 5 0 0 0 
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Open File Reports - Coal 2 0 0 0 

Open File Reports - Coastal and Estuarine 
Geology 

4 1 1 0 

Open File Reports - Environmental 
Geology and Mineral Resources 

20 11 7 0 

Pamphlets 9 1 8 0 

Physiographic Provinces 1 0 1 0 

Quadrangle Atlases 3 3 0 0 

Quadrangle Geologic Maps 29 0 0 0 

Reports of Investigations 19 19 0 0 

Shoreline Change Maps (note: the online 
files are available as shp, dxf, and e00 
files) 

84 0 84 0 

Shoreline Vector Maps (note: the online 
files are available as shp, dxf, and e00 
files) 

17 0 17 0 

Special Publications 1 0 0 0 

Totals 225 42 140 1 

Massachusetts (not enough data) 

Michigan, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Bulletin 2 0 0 0 

Circular 5 0 0 0 

Contributions to Michigan Geology 1 0 0 0 

Michigan County Geologic Maps 36 0 0 0 

Mineral Rights 1 0 0 0 

Open File Reports 1 0 1 0 

Pooling of Properties for Oil and Gas 
Production 

1 0 0 0 

Prorated Production Reports 3 0 0 0 

Rock Cycle CD 1 0 0 0 

Salt in Michigan 1 0 0 0 
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Totals 52 0 1 0 

Minnesota, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Aeromagnetic Maps 9 0 0 0 

County Atlas 9 7 9 7 

Educational 2 1 0 0 

Guidebook 1 1 0 0 

Information Circular 11 6 7 2 

Minnesota at a Glance 9 4 8 4 

Miscellaneous Map 65 8 63 1 

Open file reports 34 11 3 0 

Report of Investigation 20 12 10 5 

Totals 160 50 100 19 

Mississippi, 1993-2004   

series number issued number in GeoRef number online online and 
in GeoRef 

Bulletin 3 2 0 0 

Circular 2 1 0 0 

Fact Sheet 1 0 0 0 

Open File Report 126 39 0 0 

Report of Invest. 1 1 0 0 

Totals 133 43 0 0 

Missouri, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Biennial Report 1 1 0 0 

Brochure 1 1 1 1 

Earthquake Hazard Maps 4 0 0 0 

Economic Geology Maps 1 0 0 0 
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Environmental Geology Atlas 1 0 0 0 

Fact Sheet 24 0 24 0 

Geologic Map 1 0 0 0 

Information Circular 1 0 0 0 

Miscellaneous Publications 2 0 0 0 

Open File Maps 79 0 0 0 

Open File Reports 7 0 0 0 

Report of Investigations 5 0 1 0 

Special Paper 2 0 0 0 

Volume 1 0 0 0 

Water Resources Reports 23 0 0 0 

Totals 153 1 25 1 

Montana, 1993-2004  
series number issued number in GeoRef 

number avail. 
online 

online and 
in GeoRef 

Bulletins 2 1 0 0 

Geologic Map 11 6 4 4 

Ground Water Assessment Atlas 27 2 24 22 

Ground Water Open File Report 15 1 3 0 

Information Pamphlet 3 2 2 1 

Memoirs 5 4 0 0 

Montana Atlas 3 1 0 0 

MBMG Open File Reports 278 171 88 37 

Miscellaneous Contributions 4 3 0 0 

Report of Investigation 12 8 0 0 

Special Publications 12 9 0 0 

Totals 372 208 121 64 

Nebraska, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 
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Correlations and Cross Sections 13 0 0 0 

Educational Circulars 21 5 0 0 

Earth Science Notes 6 3 0 0 

Guidebooks 2 2 0 0 

General Information Maps 51 13 0 0 

Geological Survey Papers 1 1 0 0 

Land Use and Land Cover Maps 4 0 0 0 

Miscellaneous Publications 3 2 0 0 

Open File Reports 11 1 0 0 

Professional Papers 1 1 0 0 

Report of  Investigations 3 3 0 0 

Resource Atlas 2 0 0 0 

Test Hole Report 61 8 0 0 

Water Survey Maps 14 0 0 0 

Water Survey Paper 1 0 0 0 

Totals 194 39 0 0 

Nevada, 1993-2004 
series number issued number in GeoRef number online online and 

in GeoRef 

Bulletin 5 5 2 2 

Educational 21 9 16 15 

Field Studies Maps 20 19 14 14 

Lists 8 0 4 0 

Maps 52 51 35 35 

Mineral Industry 10 10 6 6 

Open File Reports 82 30 41 5 

Pamphlets 11 9 8 8 

Reports 4 4 3 3 

Special Publications 19 16 8 8 
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Urban Area Maps 1 1 1 1 

totals 233 154 138 97 

New Hampshire, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

New England Governor’s Conference 3 1 0 0 

Open File Reports 5 2 0 0 

Statemap 21 0 0 0 

Fact Sheets 8 1 8 1 

Totals 37 4 8 1 

New Jersey, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Environmental Education Materials 11 1 0 0 

Free Online Information 10 0 10 0 

Geologic Report Series 10 4 0 0 

Information Circulars 11 1 11 1 

Open File Reoorts 7 3 1 0 

Technical Memorandrums 4 0 2 0 

Totals 53 9 24 1 

New Mexico, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Bulletin 16 13 16 13 

Circular  10 8 10 8 

Decision Makers 3 0 3 0 

Geologic Map 8 8 7 7 

Memoir 2 1 2 1 

Open File Reports 85 6 0 0 
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Resource Map 4 4 4 4 

Scenic Trips 4 4 4 4 

Totals 132 44 46 37 

New York, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Bulletin 6 3 0 0 

Circular 3 2 0 0 

Educational Leaflet 1 1 0 0 

Education Resource Packets 1 0 0 0 

Map and Chart Series 1 0 0 0 

Miscellaneous Publications 1 0 0 0 

Totals 13 6 0 0 

North Carolina, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Bulletin 5 5 0 0 
General Geologic Maps 1 0 0 0 

Geologic Map Series 8 4 0 0 

Geologic Notes 7 5 0 0 

Information Circular 2 2 0 0 

Open File Reports 55 52 0 0 

7.5-minute Geologic Quadrangle Maps 1 0 1 0 

Totals 79 68 1 0 

North Dakota, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Educational Series 6 6 0 0 

Field Study 1 1 0 0 

Geologic Investigations 1 1 0 0 

Landfill Site Investigations 48 0 0 0 

Miscellaneous Maps 3 0 0 0 

Manson



GSIS Proceedings 2005

42

Mineral Res Maps 20 0 0 0 

Miscellaneous Series 13 10 0 0 

Open-File Report 7 1 0 0 

Reports of Investigations 6 5 0 0 

Special Publicatons 4 0 0 0 

Williston Basin W 4 0 0 0 

Totals 113 24 0 0 

Ohio, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Bulletin 4 4 0 0 

Digital Map Series 4 0 0 0 

Educational Leaflets 4 3 4 3 

GeoFacts 24 20 23 19 

Guidebooks 5 4 0 0 

Hands On Earth Science 17 11 17 11 

Information Circulars 2 1 0 0 

Map 6 2 0 0 

Miscellaneous Maps 14 1 12 1 

Other Miscellaneous Survey Pubs. 2 0 1 0

 Open File Reports 6 0 1 0

  Misc. Oil and Gas Maps 5 0 0 0

  Digital Chart and Map 22 0 9 0 

Reports of Investigations 4 4 0 0 

Totals 119 50 67 34 

Oklahoma, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Bulletin 2 1 0 0 

Circular 14 14 0 0 
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Educational Pub 5 3 0 0 

Guidebook 6 3 0 0 

Map GM 2 2 0 0 

Open-File Reports 58 3 0 0 

Special Publication 35 32 0 0 

Totals 122 58 0 0 

Oregon, 1993-2004 the pdfs are not in the publist, but are buried in the webpage 
series number issued number in GeoRef 

number avail. 
online 

online and 
in GeoRef 

Geologic Map Series 41 33 2 1 

Interpretive Map Series 23 14 11 9 

Mined Land Reclamation Map Series 4 3 0 0 

Oil and Gas Investigations 1 0 0 0 

Open File Reports 182 106 62 61 

Reconnaissance Map Series 1 0 0 0 

Special  Papers 10 8 1 1 

Totals 262 164 76 72 

Pennsylvania, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Atlas Series 2 2 0 0 

Educational Series 12 11 12 11 

Environmental Geology Reports 1 1 0 0 

General Geology Reports 1 1 0 0 

Maps 8 1 3 1 

Mineral Resource Reports 2 1 0 0 

Open File Reports 83 53 4 0 

Park Guides 5 4 5 4 

Special Publication 1 1 0 0 

Water Resource Reports 4 3 0 0 

Totals 119 78 24 16 

Manson
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South Carolina, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Circular 1 0 0 0 

General Geologic Chart 1 0 0 0 

General Geologic Map Series 4 2 0 0 

Field Trip Guidebook 2 1 0 0 

Geologic Quadrangle Maps 27 0 27 0 

Open File Reports 78 0 0 0 

Open File Posters 2 0 2 0 

Totals 115 3 29 0 

South Dakota, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Aquifer Materials 15 0 15 0 

Bulletin Series 3 1 0 0 

Guidebook 1 1 1 0 

Geologic Quadrangle 4 0 4 0 

Information Pamphlet 6 6 0 0 

Mineral-Economic Report 2 0 2 0 

Open File Reports on Basic and 
Analytical Studies Series 

3 2 0 0 

Report of Investigations 2 1 2 1 

Totals 36 11 24 1 

Tennessee, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Bulletin 1 1 0 0 

Geol. Quad. & Min. 12 10 0 0 

Physiographic Map 1 0 0 0 

Report of Invest. 5 4 0 0 
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Totals 19 15 0 0 

Texas, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Annual Report 11 3 11 3 

Atlas 5 2 0 0 

Compilation 1 0 0 0 

Cross Section 2 2 0 0 

Down to Earth 5 2 3 0 

Educational Mat. 4 3 0 0 

Electronic Paper 3 1 3 1 

Geological Circular 24 24 0 0 

Guidebook 3 3 0 0 

Mineral Res. Circ 2 2 0 0 

MM 4 2 0 0 

Open File 3 0 0 0 

Open File Maps 134 0 0 0 

Reports of Investigations 58 58 0 0 

SR (others reports) 3 2 0 0 

SW (CD-ROM sets) 8 6 0 0 

Totals 270 110 17 4 

Utah, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Bulletin 7 5 0 0 

Circular  16 15 1 1 

Contract Reports 23 1 0 0 

Map 58 43 5 0 

Miscellaneous Pub 53 42 0 0 
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Open File Reports 156 36 4 0 

Public Information 61 22 11 3 

Report of Invest. 30 1 0 0 

Special Studies 32 23 0 0 

Totals 436 188 21 4 

Virginia, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Brochures 9 0 8 0 

Directory 1 0 0 0 

Educational CDs 9 1 0 0 

Maps on Demand 55 12 0 0 

Publications  43 28 0 0 

Totals 117 41 8 0 

Vermont, 1993-2004  
series number issued number in GeoRef 

number avail. 
online 

online and 
in GeoRef 

Bulletin 1 0 0 0 

Open File Reports 19 0 0 0 

Open File Digital Maps 20 0 19 0 

General Interest 1 0 0 0 

Other publications 5 0 0 0 

Totals 46 0 19 0

Washington, 1993-2004 
series number issued number in GeoRef 

number avail. 
online 

online and 
in GeoRef 

Bulletin 2 2 0 0 

Digital Reports 5 0 0 0 

Geologic Map 13 7 3 1 

Information Circular 11 9 1 1 

Open File Report 96 26 42 7 
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Report of Invest. 3 1 1 0 

Totals 130 45 47 9 

West Virginia, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Annual Report 4 0 0 0 

Bulletin 2 2 0 0 

Circular 2 2 0 0 

Educational Series 1 1 0 0 

Map WV 1 0 0 0 

Open File Report 46 0 0 0 

Report of Investigations 1 0 0 0 

Volume 2 1 0 0 

Totals 59 6 0 0 

Wisconsin, 1993-2004 

series number issued number in GeoRef number online online and 
in GeoRef 

Bibs and Indexes 3 0 0 0 

Bulletin 12 6 1 0 

County Map Series 8 0 0 0 

Director’s Reports 1 0 0 0 

Educational Series 24 6 0 0 

Information Circular 1 0 0 0 

Miscellaneous Map S 20 0 2 0 

Miscellaneous Pub 1 0 0 0 

Open File Reports 54 6 0 0 

Soil Atten. Maps 1 0 0 0 

Special Reports 2 1 0 0 

Totals 127 19 3 0 

Wyoming , 1993-2004 PDFs not in the publist, but are buried in the website 

series number issued number in GeoRef number online online and 
in GeoRef 
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Annual Report 11 0 0 0 

Bulletin 3 3 0 0 

Coalbed Methane 4 0 3 0 

Coal Report 2 1 0 0 

Geophys log cross 6 0 0 0 

Hazard sec. dig map 24 0 18 0 

Industrial Min Rept 4 0 0 0 

Information Pamph. 7 1 0 0 

Love Map Series 12 0 0 0 

Memoir 1 1 0 0 

Mineral Reports 16 2 0 0 

Map Series 22 3 5 0 

Open File Reports 31 19 0 0 

Prelim. Geol Maps 8 2 0 0 

Prelim. Hazard Repts 6 1 0 0 

Public Info. Circ. 12 11 0 0 

Reprints 4 0 0 0 

Report of Invest. 7 7 0 0 

Radioactive Min. 3 0 0 0 

Totals 183 51 26 0 

Notes: 
* = these reports were not included in the California publist 
but were buried in the website 
** = these reports were included in the publist but without 
indication that a digital file existed. The digital files were 
buried in the website. 
– Some states issue reports on CD-ROM (sometimes in 
addition to the paper copies). However those were not counted 
as digital files since the process to obtain them is the same as 
for the print products. 
– Some states (e.g., CA, OR, WY) issue reports as PDFs, but 
that is not reflected in their online publication lists. Instead, 
those files are buried in the website. I looked for those and 
found many but have no confidence that I found them all. 
– Although many state survey reports available as PDFs are in 
GeoRef, none of the GeoRef records for those reports included 
the URLs 
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Appendix 2: State Geological Survey Publications by State and Total Published vs. Open-
Filed 

in the GeoRef database, available online, and both
    

number 
issued

number 
in 
GeoRef

number 
online

online & Geo-
Ref

pub OF pub OF pub OF pub OF

Alabama 193 0 100 0 11 0 3 0

Arizona 79 221 8 0 1 1 1 0

Arkansas 19 0 8 0 3 0 0 0

California 154 143 28 33 71* 35* 0 0

Colorado 95 136 82 136 0 0 0 0

Delaware 43 9 31 6 38 8 26 6

Florida 44 130 29 15 5 5 3 3

Georgia 92 3 85 1 67 2 65 1

Idaho 178 153 25 68 84 13 5 0

Illinois 301 165 110 98 16 8 0 8

Indiana 74 188 52 12 2 9 1 0

Iowa 96 2 30 2 53 24 26 0

Kansas 135 824 35 11 10 121 0 5
Kentucky 497 152 61 0 173 130 39 0

Louisiana 42 12 1 5 0 0 0 0

Maryland 199 26 30 12 132 8 1 0

Michigan 51 1 0 0 0 1 0 0

Minnesota 126 34 39 11 97 3 19 0

Miss. 7 126 4 39 0 0 0 0

Missouri 65 88 1 0 25 0 1 0

Montana 96 278 39 171 33 88 27 37

Nebraska 183 11 38 1 0 0 0 0

Nevada 151 82 124 30 97 41 92 5

New 
Hampshire

32 5 2 2 8 0 1 0

New 
Jersey

46 7 6 3 23 1 1 0

New 
Mexico

47 85 38 6 46 0 37 0
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New York 13 0 6 0 0 0 0 0

North 
Carolina

24 55 16 52 1 0 0 0

North 
Dakota

106 7 23 1 0 0 0 0

Ohio 86 33 50 0 57 10 34 0

Oklahoma 64 58 55 3 0 0 0 0

Oregon 80 182 58 106 14** 62** 11 61

Penn. 36 83 25 53 20 4 16 0

South 
Carolina

35 80 3 0 29 2 0 0

South 
Dakota

33 3 9 2 24 0 1 0

Tennessee 19 0 15 0 0 0 0 0

Texas 133 137 110 0 17 0 4 0

Utah 280 156 152 36 17 4 4 0

Virginia 117 0 41 0 8 0 0 0

Vermont 7 39 0 0 0 19 0 0

Wash. 34 96 19 26 5 42 2 7

West 
Virginia

13 46 6 0 0 0 0 0

Wisconsin 73 54 13 6 3 0 0 0

Wyoming 152 31 32 19 26 0 0 0

Totals 4350 3941 1639 966 1216 641 420 133

37.3 24.5 28.2 15.6 9.5 3.5
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COMAPPING: CAPABILITIES AND EXAMPLES OF COOPERATIVE MAPPING 
PROJECTS WITH FULL CONTENT MANAGEMENT IN INTERACTIVE WEB 

COMMUNITIES

Paul D. Howell
And

Brooke Yoko
Department of Geological Sciences

University of Kentucky
101 Slone Bldg. 

Lexington, KY 40506-0053

 Abstract - New technologies now allow for a rapidly growing phenomenon with 
remarkable potential within and beyond the geoscience field: comapping -- cooperative mapping 
efforts in interactive communities. We define comapping as the development and presentation of 
rich digital content with spatial context by cooperative groups or communities, in an interactive 
and realtime digital environment. A comapping suite or stack is a collection of software that 
works together to offer a comapping solution, and typically includes (1) a content management 
system (CMS) to handle rich digital content, (2) GIS software to handle mapping and spatial 
context for the CMS, and (3) network aware applications to provide a secure interactive, digital 
environment. 
 Strictly, comapping involves a community of users knowingly contributing to a collection 
of digital content with spatial context. Today’s comapping experiments are web-based, and 
results can be viewed in realtime, as changes are made by members of the community. The “co” 
in comapping stands for community, cooperative or collaborative, but not for content alone. 
Making digital maps of content in pre-existing databases, no matter how it was collected is not 
comapping... members of a community should be actively engaged in the mapping effort and 
capable of editing their contributions in realtime. 

Current GIS packages typically lack robust handling of rich digital content and 
consideration for collaborative work-groups. CMS packages merge robust community features 
(members, permissions, workflows) with rich digital content development and indexing tools, 
but they lack spatial content handling. A comapping suite provides a portal-style community 
website with ever-changing maps of user-contributed materials, capable of continuous revision, 
commentary and more. Subgroups may start their own comapping projects that build on the GIS 
capabilities of a parent project. 
 Current examples of comapping are primitive, but growing rapidly in capability and 
number. Geological applications abound, as do those of many other academic, cultural and 
commercial fields. We demonstrate examples of active co-mapping projects and software 
stacks built on open source software that may be freely modified to meet community needs and 
presentation objectives. 
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DEVELOPMENT OF AN ON-LINE DATABASE WITH GIS CONNECTIONS FOR 
VERTEBRATE AND OTHER FOSSILS

Justin A. Woods 
Information Services

Southwestern Adventist University
100 Magnolia, Keene, TX 76059

justin@woodsmedia.com

Arthur V. Chadwick
Department of Geology

Southwestern Adventist University
100 Magnolia, Keene, TX 76059

Abstract - Excavation of a promising vertebrate site in the Upper Cretaceous Lance 
Formation in Wyoming in 1997 was yielding over 1000 new fossils each season. We initiated 
GPS mapping of bones in 2000 and at that time determined to modernize our curation 
procedures. A web-based front end was designed to access a normalized database (multiple 
interlinked database tables) greatly accelerating access to the data while obviating data repetition.

At present, with over 8000 vertebrate fossils in the database, makes this the largest on-
line collection of dinosaur bones, and the only collection with photographic representation of 
every specimen. The database enables on-line access, search by any category, user controllable 
data interface and thumbnails expandable into full sized images and 3D virtual reality images. 
This online data can be freely accessed for research or educational purposes as photographs of 
prepared bones or as an array of bones in a virtual map of each quarry. 

The photographic images allow direct comparisons between specimens from other 
collections as the data from each field season become available. The ability to see each bone 
in its context permits data analysis to be done on-line without necessarily having access to the 
collection. Public accessibility and ease of use assure that the catalog will have an important role 
in the future of paleontology and taphonomy of vertebrates.   
Our online database is located at: http://geology.swau.edu/fossil  

  INTRODUCTION
   

Our research project on the taphonomy 
of Upper Cretaceous dinosaurs in the Lance 
Formation is being conducted in a series 
of quarry sites in a productive bone bed 
in eastern Wyoming containing abundant 
remains of dinosaurs and other fauna and 
flora.  The magnitude of the bone bed, with 
an estimated 15,000 animals (Chadwick et 
al, 2005), promises to challenge not only 

excavators, but preparators and the curatorial 
process as well.  

Taphonomic analysis of fossil 
assemblages requires the preservation of 
as much information as possible from the 
environment of a fossil (Olson, 1980). 
Whether one approaches taphonomy as a 
paleontologist, a sedimentologist, or a curator, 
the location and orientation of the fossil 
materials in the ground are critical classes 
of information that must remain attached to 
the specimen long after the field season has 
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ended. Initially, we used traditional methods 
of hand copying data. As our project expanded 
in scope and it became apparent we were 
going to be processing thousands of bones, 
we developed and applied new technology 
for recording positional data on each bone 
as it was exposed in the quarry, using high-
resolution GPS (Global Positioning System) 
equipment (Turner et al, 2000, 2004).  This 
meant that in addition to the normal kinds of 
information, our specimens were accompanied 
by high precision numeric GPS data.  Because 
of the magnitude of the project and because 
these data could not be reliably transcribed 
by hand, we were obliged to seek alternative 
methods of carrying the specimen-related 
information through curation.    

To facilitate taphonomic analysis of the 
bone distribution in the several quarry sites, 
we developed methods of photographically 
reconstructing each quarry site by combining 
the GPS data with digital photos of the bones 
taken at the same time, using ArcGIS software 
from ESRI (Chadwick et al, 2002, 2003, 2004).  
These virtual quarry pictures became critical 
sources of data for our taphonomic work.  
Because they revealed important information 
about every bone, we felt it would be profitable 
to attempt to include this information in our 
museum database.  

It was also our objective in setting up 
the site to make the materials attractive for 
educational purposes and useful for research. 
To this end we decided to employ readily 
available technology to produce virtual three 
dimensional images (“object movies”) of 
the prepared bones. Object movies of bones 
will greatly enhance the research value of the 
museum, since investigators may view the 
specimens online as user controllable virtual 
three dimensional objects.   

A final factor leading to the 
development of our present methods was 
our desire to make our data available on the 

internet. Too often, paleontologists have 
exhumed priceless materials only to store them 
away in inaccessible places where they could 
not be made available to other researchers, 
often for lack of resources for proper 
preparation and curation. From the inception 
of this project, we were determined that all 
excavated bones would be properly prepared 
and curated before the subsequent field season 
and that the results of our research would 
be available online, accessible to the entire 
paleontological community.   

With these goals in mind, we initiated 
work on development of a virtual museum 
website to organize and display our research 
data in a fashion that would generate interest 
in paleontology in educational environments, 
facilitate taphonomic and other research 
interests, and be accessible to all via the 
internet.

 MATERIALS AND METHODS 
Use of GPS in the Quarry 
 Our research project was carried out 
in a series of quarry sites in a productive bone 
bed in the Upper Cretaceous (Maastrichtian) 
Lance Formation in eastern Wyoming 
containing abundant remains of Upper 
Cretaceous dinosaurs and other fauna and flora.   

Initially, mapping was carried out 
using a conventionally-surveyed grid system, 
and specimens were drawn with an overlay 
grid of decimeter scale. Beginning with the 
2000 field season and during each successive 
field season, we employed GPS technology 
for mapping bone locations in the quarry. The 
acquisition of three-dimensional positional 
data with centimeter accuracy requires 
sophisticated and expensive survey-grade GPS 
equipment. This equipment consists of a fixed 
base station (Fig. 1) positioned by reference 
to our or more known surveyed locations, and 
a portable field unit, the “rover,” that actually 
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does the recording (Fig. 2).  Using Real Time 
Kinematics (RTK) techniques (Riley et al., 
2000), a fix on any position within radio range 
of the base station (more or less line of sight, 
up to several km) could normally be achieved 
in less than a second.

 As each bone is exposed in a quarry, 
it is digitally photographed, assigned a 
permanent catalog number and profiled with 
a series of measurements from the GPS so 
that its position in three-space is clear. The 
bone is then removed from the quarry using 
appropriate techniques, wrapped together with 
a card detailing curatorial information and 
prepared for transportation. With the exception 
of less than 300 legacy specimens, GPS data 
are available for the placement of all of nearly 
8000 bones now in the database. These data 

are preserved intact by transfer of the data files 
electronically from the GPS computer to our 
onsite computer.  The data are then transmitted 
via satellite internet connection to our base 
server on campus where they are backed up to 
ensure data integrity.  
 Digital Data Analysis 

The electronic data for more than 
1000 bones, tendons and teeth recovered each 
year are processed between field seasons in 
the computer into 3D images using ArcGIS 
software from ESRI. The photograph of each 
bone (Fig. 3) is processed using the “smart 
edge” tool of Paint Shop Pro to remove the 
background material (Fig. 4). The resulting 
image is saved as a TIFF file with the specimen 
number of the bone as a name.

Figure 1. Base station for High Resolution GPS. Tripod holds satellite antenna and radio. Radio antenna is atop pole. Computer is 
not visible.
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The processed bone photographs are 
next combined with the corresponding 3D GPS 
data using the ArcMap module of ArcGIS. 
The procedure we employ is as follows: The 
TIFF files of the bones to be processed and 
the MSAccess database containing the GPS 
coordinates of the bones are added to an 
ArcGIS ArcMap window.  The database is then 
queried for the GPS points associated with 
each specific bone (Fig 5).  The photographic 
image of that bone is stretched or altered 
(“rectified”) to fit the GPS data points using 
the georeferencing tool of ArcMap (Fig 6). 
The georeferenced photo is saved as a rectified 
pseudo 3D object (i.e., a two-dimensional 
photo wrapped over a three dimensional array

 
Figure 2. Rover being used to measure locations of points on 
an exposed bone.  Rover consists of satellite antenna, radio 
antenna and radio atop pole, and handheld computer attached 
to pole midway up. Points are generally + 0.3 cm.

of UTM coordinates).  This process is repeated 
for each bone. When the georeferencing is 
complete, the various georectified pictures can 
be displayed together on the screen and a 
composite view of the quarry can be generated 
(a portion is shown in Fig 7 and a rendering of 
an entire quarry in Fig. 19)

Virtual Images of Prepared Bones
We constructed a turntable that 

enables us to take multiple photographs of a 
fossil bone at 15 degree intervals, generating 
a total of 24 digital photographs for each 
specimen. The fossil on the white turntable 
is backed by a white cloth. The camera is 
triggered at appropriate time intervals as the 
object rotates, yielding photographs of the 
fossil object against a featureless background. 
The images are then cropped if necessary 
using Adobe Photoshop. Any corrections to 
exposures or additions, such as a scale, are 
made at that time.  The modified photos are 
then added to Pano2QTVR, a commercially 
available Quicktime movie software package 
that generates the Quicktime object movie in 
seconds. The entire process can be completed 
in less than 4 minutes per specimen.

RESULTS AND DISCUSSION
Production of the Database

The first iteration of the project’s 
Online Fossil Museum was made up of a 
single, monolithic database table and a few 
web-based forms for interacting with the data. 
The database engine was an early version of 
MySQL 3, and the front-end software was 
written in PHP 3. While the extent and quality 
of the data were good, it was determined that 
the performance and expandability of such 
an application would not scale well with the 
growing number of cataloged fossil specimens. 
At that point, work began on a new web 
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application that would allow for sustained 
future growth in both the number of cataloged 
specimens and in new functionality. 

The new Online Fossil Museum 
underwent heavy development for nearly a 
year before being made public in November 
2004, and development of new features 
continues today. 

The storage and retrieval mechanism 
for all specimen and ancillary data is a 
fully-relational database schema, realized 
in the database engine MySQL 4.0.  The 
relational database is currently made up of 
twelve interlinked data tables. Table 1 lists 
each table in the fossil database with a brief 
description of its purpose.

Database Normalization 

Relational database engines afford 
the use of a specific type of database schema 
design: normalization. A normalized database 
stores data so that inconsistencies and 
update errors are eliminated. In a normalized 
database, any fact is recorded only once, but 
can be referenced many times (Kent, 1983).  
Normalization also helps refine the data model 
because it forces the designer to think about 
how various data are related to each other, and 
how they are not. By iteratively refining the 
schema of a database in the design phase, the 
designer can create an increasingly accurate 
digital representation of a real-world problem.

The Online Fossil Database makes 
use of data normalization techniques (Codd, 
1970) to ensure that all data are represented 
accurately and that consistency is maintained. 

Figure 8 shows a diagram of the relational 
links between each table in the fossil database. 
Every table in the database follows these 
conventions:
1.  Tables are collections of multiple pieces of 
information that describe cohesive, real-world 
objects.  
2. Table names are singular nouns that 
concisely describe the collection of data they 
contain. 
3.  Table and column names are expressed in 
lower-case letters. 
4.  Underscores are used in place of spaces in 
table and column names. 
5.  Tables have an id column that contains 
each row’s unique identifier. 
6.  Columns linking a row in one table to a 
row in another table have names containing 
the name of the table being linked to and 
ending with “_id”. 
7.  Table-linking columns contain the value of 
the id row of the table being linked to. 

The specimen table is the database’s 
principal table (Table 2).  Each row of the 
specimen table contains one specimen’s 
primary data.  The specimen table links to the 
following tables: quarry, taxon, identification, 
hardener, and person.

 Web Application Framework
 

The Online Fossil Museum is an 
interactive, data-driven web application that 
allows visitors to explore a large collection of 
fossil specimens, including photographic and 
positional data. The web application is written 
in the programming language PHP 4, using an 
object-oriented methodology
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Specifically, the application is 
expressed in the Model-View-Controller 
(MVC) design paradigm. Applications 
designed according to this paradigm divide 
their functionality into three distinct areas: the 
model, the view, and the controller. The model 
consists of the application’s data and business 
logic, the view determines how model data 
are presented to the user, and the controller 
dispatches user requests to the appropriate 
model and view.

To this end, a custom MVC framework 
was developed for this project. When a user 
requests a specific webpage or form, the 
application’s controller is invoked to determine 
which view should be processed. The view is 
called by the controller and the model prepares 

the data to be displayed. The model data are 
rendered by the view, and returned to the 
controller for display to the user.

The application’s model component 
tightly integrates with a database access 
abstraction layer. The model abstracts the 
interface to the data storage mechanism, 
allowing the rest of the application to view 
and manipulate database contents without 
knowledge of any specific database schema.

The view component consists of a 
collection of files, or forms, which display 
model data and allow them to be manipulated 
by the user. A feature specific to this 
framework is that the view is aware of whether 
data are being either displayed or manipulated 
and exposes specialized functionality in each 
case. 

The controller component reads the 
name of the user-requested view or form, and 

translates that name 
into a corresponding 
view object name. 
The object for the 
requested view 
is loaded and 
instantiated by 
the controller and 
control passes to 
the view. When the 
view has completed 
its task, it returns 
the output to the 
controller which 
displays it to the 
user.

Quarry 
Visualization 

Considering the extensive amount of 
specimen GPS positional data collected over 
the course of the dinosaur excavation project, 

Figure 3. An Edmontosaurus femur exposed in the quarry. Bar pattern on card atop bone gives 11 
cm scale.
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it was logical to provide a way to visualize 
the data in context, online. A new database 
table, gps_data was added to hold every GPS 
data point collected for the project, currently 
numbering more than 25,000 points. Each 
data point occupies one row in the gps_data 
table, and is linked to the specimen table by the 
specimen_number column. 

Due to the extensive GIS visualization 
of this project’s fossil quarries, a library of 
resources is available for rendering each quarry 
using the corresponding spatial rectification 
coefficients. These two ingredients, combined 
with the collection of GPS data points, make 
it possible to visualize the original quarry 
location of any specimen in the collection, live 
on the web.

The web-based image rendering 
engine consists of four PHP objects that each 
encapsulate a logical subset of the process’ 
functionality: GIS_Dot, GIS_Dot_Image, 
GIS_Specimen, and GIS_Correlation. Each 
GIS_Correlation object represents the set of 
specimens being visualized in a particular 
quarry, and may contain any number of 
GIS_Specimen objects. Each GIS_Specimen 
object represents the “cloud” of data points 
for a particular specimen, and may contain 
any number of GIS_Dot_Image objects. Each 
GIS_Dot_Image object is responsible for 
rendering a single GPS coordinate “dot” onto 
the quarry image, and is an extension of the 
GIS_Dot class. Each GIS_Dot object contains 
the rectified coordinates for a single GPS dot, 
expressed in pixels with respect to upper left-
hand corner of the pre-rendered quarry image.

This encapsulation of functionality 
makes it easy to extend the system in the 
future, if for example vector-based dots were 
desired instead of raster-based dots. Because 
each object is aware only of what it needs to 
do its job, and can call on the other objects to 
perform other tasks, the programming interface 
is greatly simplified.

Online Fossil Museum
The Online Fossil Museum website 

(http://geology.swau.edu/fossil/) is the user 
interface to the fossil database back-end. The 
website consists of a number of data-driven 
web pages or forms which allow users to 
explore the database in several ways. Among 
other functions, users may search the database 
for specimens by various criteria, view detailed 
information and imagery of specific fossils, 
and visualize the original quarry locations of 
any fossil.

On the home page of the site (Fig 9), 
users may click “Browse” to see a tabular 
display of specimens in the database (Fig 10) 
and several search options. When no search 
criteria have been specified, the default is to 
browse all specimens. If a search has been 
performed, only those specimens matching the 
search criteria will be shown.
 The user may click on any specimen to 
be taken to a page with detailed information 
on that specimen (Fig. 11). Currently, the 
following fields are displayed: Specimen 
Number, Field Number, Museum Location, 
Date Recovered, Date Prepared, Quarry, 
Taxon, Field Identification, Lab Identification, 
Description, Notebook Page, Notes, 
Stratigraphy, Formation, Length, Width, 
Thickness, Side, Position, Collected By, 
Identified By, Prepared By, Hardener, and 
UTM Zone. The astute reader will notice that 
these are the same as the fields stored in the 
specimen table of the database (Table 2), as 
discussed earlier. Thumbnails of each of the 
specimen’s available images are displayed, 
allowing the user to click for high-resolution 
versions. There is no limit to the number 
or size of images attached to a specimen; 
currently several specimens have as many as 
twelve high-resolution images available for 
viewing. 

The user may also “Map” the specimen 
to show where it was originally found in 
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the quarry (Fig 12, 13, 14). This causes the 
application to fetch the GPS data points 
from the database, transform them into pixel 
coordinates, and draw them on the pre-
rendered quarry image using the suite of quarry 
visualization objects discussed in the previous 
section. Because the rendering process 
happens in real-time, it is possible to map any 
collection of specimens together in one image 
(Figs 15-19). For example, a user searching for 
all hadrosaur teeth would be able to map them 
together on the same image and study their 
taphonomic distribution.

A new feature, still under development, 
is the ability to view high-resolution, three-
dimensional, rotatable images of specimens 
in the database. These rotatable images allow 
users to study specimens from every angle as 
easily as if they were holding them in their 
hands.

Users who have authenticated and 
have sufficient access privileges may add and 
modify all aspects of the database using web-
based forms. Data entry may be performed 
from anywhere in the world with internet 
access, including the field research station.

The development of this website has 
enabled us to retain data of types that are 
generally not recorded during quarrying such 
as tendon fragments and the positions and 
sizes of ubiquitous hadrosaur teeth. The results 
of successive years of quarry activity can be 
displayed seamlessly, as well as successively. 
The user can address questions to the data in 
the computer that could never have been done 
from field data. The specimen reconstruction 
generated in the ArcGIS ArcScene window 
closely approximates the true spatial 
representation of the fossils in the quarry.  
Most significantly, the entire dataset for the 
quarry site is preserved in a permanent and 
user-addressable format online and accessible 
to all interested parties. This has never been 
done before. 

Another potentially revolutionary 
aspect of the website is that the design 
deliberately permits primary data analysis to be 
done by investigators who may be unknown to 
the researchers and who may never have seen 
the field site. Traditionally, paleontologists 
have sequestered their field data until they 
could publish their interpretations in the 
primary literature. Thus much valuable 
information that could inform the community 
and advance our understanding of past history 
has not been accessible.  On this website, 
the primary findings can be viewed directly. 
Virtual profiles of the quarry site can be 
studied, giving information about the vertical 
extent of the deposit and revealing where 
within the site unusual concentrations of 
fossil material may exist.  The reconstructed 
site can be analyzed sedimentologically for 
paleocurrent trends, and accumulations at 
“logjams” that might indicate the influence 
of depositing currents.  The overall shape of 
the deposit can be monitored and deductions 
can be drawn based upon that shape.  The 
distribution of size classes of fossils can 
be determined.  Predictions based upon the 
behavior of the deposit as a whole can lead 
to focusing of activities in areas of greatest 
potential by the present team and can permit 
others to contribute to our understanding 
of the deposit, potentially expanding 
our knowledge base and advancing the science 
of paleontology in an active way.  Never before 
has a scientific website been designed with 
this as a primary goal.  The future will reveal 
whether this potential is realized. 

  CONCLUSION 

Our taphonomic research in a dinosaur 
quarry in Wyoming led us to develop 
innovative techniques to preserve taphonomic 
data. We were subsequently spurred to 
disseminate the knowledge contained in the 
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Figure 5.  The pattern of 3D points (shown here as 2D) 
taken with the Rover record the precise position of the 
femur in the quarry.

Figure 4. The same 
femur removed 
from the back-
ground material by 
computer manipu-
lation of the digital 
photo.

Figure 6. The modified photo of the bone is overlaid on the pattern 
of points and manually matched with the points (georectified).

Figure 7. A partial reconstruction of one area of the quarry near 
where the femur lay in the ground, illustrating the ability of the 
GIS software to truly represent the condition of the bones in the 
quarry.
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bones themselves as well as the positional 
data. The development of the Online 
Fossil Museum was a direct result of these 
innovations in data collecting, enabling us to 
present our entire growing collection of fossil 
specimens online. The close association of 
those involved in research activities, online 
site development and the preparatory and 
curatorial activities has permitted a near real-
time advancement from ideas to realities. 
This process has continually challenged us to 
expand the frontiers of interactive museology 
on the internet.  This development of the 
Online Fossil Museum, which at present 
contains the largest online, fully pictorial fossil 
collection in the world, is a continuous organic 
process. With the addition of 3D virtual reality 
images of the bones, specimens can now be 
viewed as real objects, making the bones more 
appealing for educational purposes and more 
useful to researchers who might want to study 
the nature of the creatures represented.  
  
REFERENCES 
Chadwick, A., Turner, L., and Spencer, 
L., 2002, Digital modeling of a vertebrate 
taphonomic quarry using GIS software: Journal 
of Vertebrate Paleontology, v. 22, no. 3 suppl., 
p. 43A.

Chadwick, A., Turner, L., and Spencer, 
L., 2003, Recreating an Upper Cretaceous 
dinosaur assemblage with GIS software: 
Journal of Vertebrate Paleontology, v. 23, no. 3 
suppl., p. 40A.

Chadwick, A., Turner, L., and Spencer, L., 
2004, Five Years experience using GIS for data 
collection and analysis in an Upper Cretaceous 
dinosaur quarry in the Lance Formation: 
Journal of Vertebrate Paleontology, v. 24, no. 3 
suppl., p. 45A.

 
Chadwick, A., Spencer, L., and Turner, L., 
2005, Taphonomic windows into an Upper 
Cretaceous Edmontosaurus bone bed: 
Geological Society of America Abstracts with 
Programs, v.37,  p.159  

Codd, E.F. 1970, A relational model of data for 
large shared data banks: Communications of 
the ACM, v. 13, p. 377-387. 

Kent, W., 1983, A simple guide to five 
normal forms in relational database theory: 
Communications of the ACM, v. 26, p.120-
125. 

Olson, E.C., 1980, Taphonomy: its history 
and role in community evolution, in 
A.K.Behrensmeyer and A.P.Hill, eds., Fossils 
in the making: vertebrate taphonomy and 
paleoecology: Chicago, University of Chicago 
Press, p.5-19.

Riley, S., Talbot, N., and Kirk, G., 2000, A 
new system for RTK performance evaluation:  
Position Location and Navigation Symposium: 
IEEE  v. 2000, p. 231-236. 

Turner, L., Chadwick, A., and Spencer, L., 
2000, high resolution GPS mapping in a 
vertebrate taphonomic quarry: Geological 
Society of America Abstracts with Program, v. 
32, p. 499. 

Turner, L., Chadwick, A., and Spencer, L, 
2004, Using rocket science to study rock 
science: Journal of Vertebrate Paleontology, v. 
24, no. 3 suppl., p. 123A.

Woods & Chadwick



63

GSIS Proceedings 2005

Figure 8. The fossil database schema showing each table and the relational links between them.

Figure 9. The website for the Online Fossil Museum permits ac-
cess to the collection from anywhere in the world.

Figure 10. The “Browse” function displays the list ver-
sion of the database, permitting a variety of choices for 
viewing, including  controlling number of records per 
page, choice of data columns displayed in the list view, 
and display of thumbnail photos.
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Figure 11. Selecting a record displays the data associated with that bone, shows loca-
tion of the bone in the museum and displays thumbnails that lead to larger photos.

Figure 12. Visualizing the quarry location of a bone involves select-
ing the bone…

Woods & Chadwick
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Figure 13. …choosing the map view…

Figure 14. …and clicking on the small image that is 
displayed.  Here the femur 5331 is identified in the 
photograph by a series of dots representing the posi-
tion of the bone in the quarry.

Figure 15. A whole class of bones can be displayed 
in the quarry simultaneously by first browsing for 
a class of bone.  In this case “Femur” has been 
chosen.
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Figure 17. The map function is next selected.

Figure 18. The quarry map is now displayed 
with all femora highlighted with an array of 
dots representing the GPS positional data for 
each femur.

Figure 16. The entire suite of femora are chosen for 
mapping by checking the “edit all” box on the upper 
left.
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Figure 19. Clicking on the map brings up the full size 
quarry map with each femur visibly tagged.  In color 
the GPS points display as red dots.

Table Name Description

specimen: master data table; contains primary data for all specimens

taxon: contains all taxon names (ex. Hadrosaur, Animalia)

taxon_level: contains names for every hierarchical level of taxa (ex. Phylum)

image: images for each specimen; each specimen may have many images

gps_data: every GPS data point; linked to specimen by specimen_number

quarry: name and description of each quarry

loan: connects person and loaned_specimen

loaned_specimen: connects specimen and loan

identification: lookup table used by specimen

hardener: lookup table used by specimen

person: all primary data about each person in the database

person_type: lookup table used by person  

Table 1. Names and descriptions for each column in the specimen table.
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Table 2. Names and descriptions of each table in the fossil database.

Column Name           Description  

 id  table row id  

specimen_number  unique name for specimen (ex. HRS03212)  

field_number  field-assigned name, if different from specimen_number  

quarry_id  relational link to quarry table  

museum_location  location in permanent collection by cabinet and drawer  

checked_in_box  box number the fossil is stored in for transport from field station  

taxon_id  relational link to taxon table 

taxon_certain  whether the specimen’s taxon has been identified with certainty  

date_recovered  date the specimen was removed from the quarry  

date_prepared  date the specimen was prepared in the laboratory  

notes  free-form text area for notes concerning the specimen  

notebook_page  page number of the excavator’s notebook in which the specimen is described  

identification_field  free-form text area for the excavator’s identification  

identification_lab  free-form text area for the preparator’s identification  

identification_lab_id  relational link to identification table  

identification_lab_certain  whether the specimen has been identified with certainty  

description  free-form text area for a description of the specimen  

hardener_id  relational link to hardener table  

length  length of specimen in centimeters  

width  width of specimen in centimeters  

Woods & Chadwick
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Table 2 Continued. . Names and descriptions of each table in the fossil database.

Column Name   Cont. Description Cont.

thickness  thickness of specimen in centimeters  

side  the side of the animal’s body the specimen came from, if applicable  

position  the position in the animal’s body the specimen came from, if applicable  

utm_zone  the UTM zone in which the specimen was found (ex. 13T)  

stratigraphy  location in geologic column (ex. Upper Cretaceous)  

formation  geologic formation in which the specimen was found (ex. Lance)  

collector_person_id  relational link to person table  

identifier_person_id  relational link to person table  

preparator_person_id  relational link to person table  

Woods & Chadwick





71

GSIS Proceedings 2005

THE CARNEGIE LEGACY PROJECT:  PRESERVING THE RECORDS OF
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 Abstract – The Carnegie Legacy Project was initiated in 2003 to preserve, organize, and 
facilitate access to the archival records of the Carnegie Institution of Washington.  Established 
in 1902, the Institution is one of the oldest privately-funded scientific research organizations in 
the United States.  Its archives document a century of investigations in the geophysical sciences 
through field and laboratory notebooks, equipment designs, plans for observatories and research 
vessels, scientists’ unpublished correspondence, and  thousands of expedition photographs.  
Yet the Institution long lacked any systematic approach to managing its documentary heritage.  
A preliminary records survey conducted in 2001 identified more than 1000 linear feet of 
historically-valuable records languishing in dusty, poorly-accessible storerooms at Carnegie’s 
Geophysical Laboratory and Department of Terrestrial Magnetism.  Intellectual control was 
minimal.
 With support from the National Historical Publications and Records Commission, 
professional archivists were hired to process the 100-year backlog of records.  Policies and 
procedures were established to ensure that all work conformed to national archival standards.  
Records were appraised, organized, and rehoused in acid-free containers, and finding aids were 
created for the project web site.  Selected field photographs and documents were digitized for 
online exhibitions to raise awareness of the archives among researchers and the general public.
 The success of the Legacy Project depended on collaboration between archivists, 
librarians, historians, and geophysicists.  Contacts established with other organizations, such 
as the National Geophysical Data Center and the USGS National Geomagnetism Program, 
were essential in formulating strategies to deal with the large volume of original scientific data 
included in the archives. 

INTRODUCTION

 In 1902, with a gift of ten million 
dollars in U.S. Steel Corporation bonds, 
Andrew Carnegie established a new kind of 
basic research organization – an independent 
institute whose sole objective would be 
“to encourage, in the broadest and most 
liberal manner, investigation, research, and 

discovery, [and] the application of knowledge 
to the improvement of mankind.”  It was an 
enormous gift at the time, equal to Harvard’s 
endowment and exceeding the total research 
monies in American universities (Trefil and 
Hazen, 2002, p. 23).  The Carnegie Institution 
of Washington soon began bankrolling 
American science in an era when government 
support was limited to a few agencies, like the 
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U.S. Geological Survey, the Coast Survey, and 
the Weather Bureau, doing work of commercial 
or economic concern.
 Over its one hundred years, Carnegie 
has supported research ranging from 
astronomy to archaeology, and economics 
to genetics.  Today, the Institution operates 
six research departments around the country.  
Earth and planetary science studies are 
centered at two units in Washington, DC:  
the Department of Terrestrial Magnetism 
(DTM), founded in 1904, and the Geophysical 
Laboratory, established in 1905.  The two share 
a research campus and are served by a joint 
library.  
 Given its long history it is perhaps 
surprising that, until very recently, the 
Carnegie Institution lacked any formal 
archival or records management program.  
This deficiency became painfully apparent 
during preparations for the Institution’s 2002 
centennial commemoration.  As curators 
searched for materials for exhibits and 
publications, historic records and photographs 
were often found in deteriorated condition 
and lacking even basic intellectual control.  
Directors’ files were chaotically shelved in 
warehouse-type environments.  Albums of field 
expedition photos were falling apart.  Shattered 
glass negatives and lantern slides showed the 
results of decades of improper storage.  Even 
simply accessing our main records storage area 
(“The Penthouse”) was difficult, and required 
stooping and squirming through a narrow 
opening.  
 More troubling yet was the absence 
of any remaining documentation on entire 
programs. A memo from 1946 found in the 
DTM files reported that all of the records of 
the Department’s World War I defense research 
projects had been discarded as they were “of 
little further use.”  Another Carnegie Institution 
department was found to have saved no 
administrative records at all prior to the 1940s.  
With better institutional oversight, regrettable 

losses like these might have been prevented.

INITIAL STEPS

 In response to this growing awareness, 
an institutional task force was formed in 2000 
to begin discussing archival concerns.   With 
funding from the Institution’s president, 
a professional archival management firm, 
History Associates, Inc. (HAI) of Rockville, 
Maryland, was hired to conduct an Institution-
wide assessment.  Between February and April 
2001, HAI archivists interviewed key scientists 
and staff members at Carnegie headquarters 
and at each of the departments.  They surveyed 
extant records, storage conditions, and record-
keeping practices.  They also compiled 
information on significant  Carnegie Institution 
records held by other repositories.
 At the DTM-Geophysical Laboratory 
campus, HAI’s survey identified 1000 linear 
feet of archival material, ranging from 
administrative records to field and laboratory 
notebooks to large collections of raw scientific 
data (see figure 1).  The only finding tool to 
most of this material was a handwritten, box-
level inventory that had been compiled by 
the campus librarian in conjunction with a 
relocation project in 1990.  The survey also 
identified around 40,000 photographic images 
– prints, negatives, kodachromes, lantern slides 
– that visually documented field and laboratory 
investigations of the two departments back 
to their inception.  Another 700 linear feet 
of records were identified at the Institution’s 
administrative headquarters, including board 
minutes, committee reports, presidents’ 
correspondence, and records of research grants.     
 In their June 2001 report, HAI 
presented Carnegie with both “best practices” 
and a range of working options for managing 
the Institution’s historic records.  Did we want 
to retain them and establish our own archives 
program – with the attendant responsibilities 
for physical and intellectual control, 

Hardy



73

GSIS Proceedings 2005

preservation, and reference?  Or would it be 
preferable to deposit them in another archives, 
while perhaps retaining nominal ownership?  
Or transfer them outright?
 The Institution was committed to 
maintaining at least some of its collections 
on-site, but lacked the expertise and resources 
to organize them and make them accessible.  
Following HAI’s recommendations, our task 
force began by drafting a formal mission 
statement for the archives, which was 
subsequently adopted by the trustees:

The Archives of the Carnegie Institution 
of Washington preserve the historically 
significant	records	of	the	Institution	
and make them available to Institution 
personnel, scientists, historians, and 
other scholars. The Archives document 
the activities of the Institution’s 
administration and its research 
departments and the professional 
activities of its staff members.

 Throughout 2002 we developed 
policies and procedures (http://www.
carnegieinstitution.org/legacy/policies.html) 
to ensure that our efforts conformed with 
professionally-accepted archival practices.  
Forms were designed for processing, reference, 
donations and loans.
 Staffing was a major concern.  To 
process the backlog of records at DTM and the 
Geophysical Laboratory alone, HAI estimated 
that at least 4000 hours of work would be 
required.  This vastly exceeded what could 
be accomplished with resources from the 
Institution.  Fortunately, thanks to a generous 
grant from National Historical Publications 
and Records Commission (NHPRC), we were 
able to begin that work in July, 2003.  The 
NHPRC (http://www.archives.gov/nhprc/) is 
an arm of the National Archives and Records 
Administration that provides grants to projects 
that promote the preservation and use of 

America’s documentary heritage – in our case, 
records significant to understanding American 
science in the 20th Century.

CARNEGIE LEGACY PROJECT

 Our two-year initiative, named the 
“Carnegie Legacy Project,” targeted the 
historic records at Carnegie headquarters and 
our two geoscience departments.  Legacy was 
conducted under a cost-sharing arrangement.  
NHPRC monies were used to employ two 
professional processing archivists and to 
purchase archival supplies and materials.  The 
Carnegie Institution provided staff support, 
including services of its librarian, web 
manager, editor, and administrative assistant, 
as well as student interns each summer.  
An archives consultant was employed on 
a contract basis to provide oversight and 
project management.  Carnegie also provided 
computers and peripherals, and committed 
to retrofitting a 900-square foot space for a 
climate-controlled archives facility, complete 
with compact shelving and storage cabinets.
 Legacy goals encompassed both the 
processing of records (appraisal, arrangement, 
description, preservation) and the enhancement 
of reference and outreach.  As records 
were organized and transferred to acid-free 
enclosures, finding aids – guides structured 
in a standard fashion – were written for each 
collection and posted on the Legacy Project 
web site (http://www.carnegieinstitution.
org/legacy/) in both HTML and PDF versions.  
Web-searchable databases were created using 
FileMaker Pro to provide researchers with 
folder-level access to the main administrative 
record series of each department.  A MARC 
catalog record for each collection was 
uploaded to OCLC WorldCat and also 
submitted to the Center for History of Physics 
at the American Institute of Physics, where it 
was incorporated into the AIP’s International 
Catalog of Sources (ICOS) (http://www.aip.
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org/history/).  ICOS is a union catalog of 
archival sources for the history of physics, 
astronomy, geophysics, and allied sciences, 
and widely used by historians of science.  AIP 
also uploaded the catalog records to the RLIN 
database on our behalf.  

ARCHIVING SCIENTIFIC DATA

 Given the technical nature of many 
of our record groups, we decided early in 
the project to involve several Carnegie staff 
scientists in an informal advisory committee.  
Their expertise proved particularly helpful in 
appraising raw scientific data, which presented 
some of the most difficult appraisal decisions.  
Our archivists encountered hundreds of linear 
feet of strip chart recordings, instrument 
traces on photographic and smoked paper, 
handwritten and manually-tabulated values, 
and data recorded on microfilm and motion 
picture film.  We determined that much of 
this data had been analyzed decades ago 
and summary results published – so was the 
original data still useful and worth preserving?

Observational vs. Experimental Data

 For appraisal purposes a useful 
distinction may be made between observational 
data and experimental data.  Observational data 
(for example, earthquake seismograms, aurora 
logs, records of geomagnetic field variation) is 
event-specific and fixed in time.  As a unique 
record of the natural world it is valuable for 
reuse by scientists and may warrant permanent 
preservation.  In its 1995 recommendations 
on archiving scientific information resources, 
the National Research Council counseled that 
“all observational data that are nonredundant, 
useful, and documented well enough for 
most primary uses should be permanently 
maintained” (National Research Council, 1995, 
p. 40).
 On the other hand, old experimental or 

laboratory data (e.g., geochemical analyses, 
x-ray diffraction studies) is generally less 
valuable for future scientific research, as the 
experiments can usually be run again later 
with newer instruments and techniques, 
thereby yielding more accurate results (Haas, 
Samuels, and Simmons, 1985, p. 60).  Unless 
the cost or effort of repeating the experiment is 
prohibitive, such data may not merit long-term 
retention.
 For both classes of data, it has 
been recommended that “all stakeholders 
– scientists, research managers, information 
management professionals, archivists, and 
major user groups – should be represented in 
the broad, overarching decisions” regarding its 
disposition (National Research Council, 1995, 
p. 41).

Appraisal Examples

Our largest Legacy dataset consisted of 
90 cartons of atmospheric electricity and 
meteorological data spanning four decades.  
DTM had ended work in that field fifty 
years ago and none of our current faculty 
had relevant subject expertise.  But through 
contacts suggested by our advisory committee, 
we polled specialists in the atmospheric 
physics community and the consensus was 
that the Carnegie data are still of potential 
value in global atmospheric change studies 
and should be preserved.  They referred us 
to data specialists at the National Center for 
Atmospheric Research, who in turn helped us 
to negotiate an arrangement with the National 
Climatic Data Center (NCDC) to transfer the 
entire archive there.  In September, 2005, 
almost two years after beginning the appraisal 
process, 4000 pounds of records were shipped 
to Asheville, North Carolina.  At NCDC, the 
data will be considerably more accessible to 
its primary user group than it would have been 
at Carnegie.  Further, NCDC has expressed 
its intention to digitize the entire collection 
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with the next three years under the auspices 
of NOAA’s Climate Database Modernization 
Program.
 In contrast, we found no compelling 
reason to retain a large collection of 
geomagnetic computational notebooks 
from the 1920s, ‘30s, and ‘40s.  These 
were primarily oversized ring-binders filled 
with handwritten reductions of geophysical 
data in the pre-electronic computing era.  
Geophysicists who work with historical 
geomagnetic data advised us they were 
unlikely to be of interest to the scientific 
community.  But data may also have evidential 
or historical value, in demonstrating scientific 
processes, techniques, and instrumentation 
used at the time of their collection.  On the 
advice of historians at the AIP Center for 
History of Physics, we elected to save a small, 
representative sample of the notebooks, and 
could in good conscience discard the rest.

Evidential Value

 Another example of evidential value 
is provided by old financial records, which 
might seem the most unlikely to merit 
retention.  A collection of 36 cartons of 
Geophysical Laboratory fiscal files spanning 
1905 through the 1960s was found in storage.  
The Laboratory’s business manager had signed 
off on them as being far too old to serve any 
accounting or legal purpose.  Yet contained in 
the old invoices, travel vouchers, and expense 
receipts were valuable insights into the 
logistics of field expeditions and the equipping 
of a state-of-the-art research laboratory at the 
dawn of the 20th Century – details of which 
were preserved nowhere else in the archives.  
The old invoices and commercial letterheads 
also have artifactual interest for historical 
exhibits and as publication illustrations.  
Consequently it was decided to save the 
complete record prior to 1920 (and to discard 
most of what followed), in order to document 

the first complete decade of the Laboratory’s 
operation as well as the years of the First 
World War, when the Laboratory was active 
in defense research.  Our reasons for saving 
this “data” were therefore quite different from 
the administrative purposes for which it were 
created.

PHOTO COLLECTIONS

 Our photographic collections are 
the most heavily-used part of the archives, 
especially our historic photographs of magnetic 
survey and volcanological expeditions 
(23,000+ images) and physical science 
instruments and apparatus (13,000+ images).  
They also present the most preservation 
challenges.  Prints and negatives had been 
stored in highly-acidic paper envelopes 
that had become so brittle that important 
identification information was being lost.  
Largely using student interns and library 
volunteers, these were transferred to acid-
free paper envelopes, mylar sleeves, and 
polypropylene storage pockets.  Albums were 
boxed in acid-free enclosures and special 
containers prepared for glass negatives and 
lantern slides.  While item-level conservation 
was beyond the scope of the current project, 
custom sink mats were constructed for a 
number of broken glass-plate images of 
particular importance.  Microsoft Access 
was used to track location information on all 
rehoused materials.      

OUTREACH

 Recognizing the outreach potential of 
historic photographs, we scanned a few dozen 
of them for an online exhibition telling the 
story of Captain J. P. Ault – a geophysicist and 
explorer who sailed the world on Carnegie’s 
research vessels in the early 20th Century.
Through Ault’s letters, telegrams, maps, and 
other primary sources, J. P. Ault:  a Scientist at 
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Sea (http://www.carnegieinstitution.org/legacy/
exhibits/ault_exhibition/) conveys to visitors 
a sense of what marine geophysics was like 
in that era.  Links to the finding aid of the J. 
P. Ault Papers in our archives serve the needs 
of serious researchers, such as historians of 
science and navigation.
 Another web site (http://library.gl.ciw.
edu/GLHistory/) – this one created as a 
summer research project by an undergraduate 
history intern – invites visitors to explore 
the early laboratory experiments and field 
expeditions of the Geophysical Laboratory.  
The site includes a portrait gallery of 
notable scientists and a timeline of scientific 
milestones.  Again, visual materials from the 
archives figure prominently.
 To raise awareness of the Legacy 
Project among local archivists and historians, 
an information table with exhibit materials 
and free literature was staffed at the DC 
Metropolitan Area Archives Fair.  The fair is 
sponsored annually by the DC Caucus of the 
Mid-Atlantic Regional Archives Conference.
 Not surprisingly, Legacy’s web 
presence has led to a considerable increase in 
the number of archives inquiries received.  An 
automated routing and tracking system has 
been developed using FileMaker Pro to more 
efficiently handle them.  The system also gives 
us the ability to more readily compile statistics 
on collection usage.

FUTURE WORK

 While NHPRC funding for personnel 
ended in September, 2005, significant 
tasks still lay ahead.  Owing to unforeseen 
construction delays, the renovation of space 
on the DTM-Geophysical Laboratory campus 
for a new central archives facility has yet to 
be realized.  Implementation of the Encoded 
Archival Description (EAD) – a standard 
for encoding archival finding aids using 
XML to make them better searchable in a 

platform-independent environment – is still 
under development.  Creating a disaster 
response plan,  increasing cooperation with 
other Carnegie Institution departments, and 
developing a brochure to encourage potential 
donors are also priorities.  A large-scale photo 
cataloging and digitization project remains 
a more distant goal, and will likely require 
external funding on the scale of the Legacy 
Project itself.  

CONCLUSION AND 
RECOMMENDATIONS

 The success of the Legacy Project 
depended on collaboration between archivists, 
librarians, historians, and geophysicists.  
Contacts established with other organizations, 
such as the World Data Centers, were 
essential in formulating strategies to deal with 
the large volume of original geomagnetic, 
seismological, meteorological, and cosmic-ray 
data included in the archives.  Partnering with 
IT staff and web designers enabled Legacy 
to establish an effective online presence and 
significantly increase outreach to potential 
users of the archives.
 Librarians who are responsible for 
archival collections in research institutes, 
museums, and geoscience departments that 
lack professional archivists should seek 
expertise both within and outside their 
organizations when contemplating a historic 
records program.  Engaging all stakeholders – 
especially faculty members and administrators 
– in the planning process from the outset is a 
prerequisite for success.  Hiring a professional 
consultant (archivist or records manager) to 
conduct a survey of records and organizational 
record-keeping practices is a sound first step 
and may prove a wise investment in the long-
run.  Ideally the survey will identify a range of 
options for managing existing collections and 
will quantify the staffing and resources needed 
to process and facilitate access to them.  
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Figure 1

DTM-Geophysical Laboratory Archives Survey
Archival records (1000 linear feet) Photograph collections (40,000 images)

•	 Administrative files •	 Field work
•	 Architectural plans •	 Instruments & apparatus
•	 Grants & contracts •	 Research vessels
•	 Financial records •	 Observatories & laboratories
•	 Equipment designs & tests •	 Personnel
•	 Field & laboratory notebooks •	 Meetings & events
•	 Ship logs
•	 Scientific data
•	 Scientists’ correspondence

Carnegie Institution Headquarters Archives Survey
Archival records (700 linear feet)

•	 Administrative files
•	 Board minutes
•	 Financial records
•	 Carnegie grants
•	 Committee minutes
•	 Internal reports
•	 Presidents’ correspondence
•	 Publication Office files
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LIBRARY SIGNAGE: CREATING EFFECTIVE SIGNS WITH POSITIVE LANGUAGE 
THAT WILL GET YOUR MESSAGE ACROSS TO BUSY PATRONS

Beth A. Roberts
 Earth Sciences Librarian

Pennsylvania State University

 Abstract - Signs: they are ubiquitous in most libraries to the point where the messages 
we are trying to convey get lost in the clutter. There may be signs on the walls, signs on the 
printers, signs hanging from the ceiling, and messages on the computer screens when patrons sit 
down to use the terminals. College students like the rest of us, being bombarded constantly by 
messages at all turns from the media on television and the Internet as well as billboards and other 
advertisements. Many students don’t bother to read the signs we have gone to all the trouble of 
posting, or may not understand what they mean when they do read them because the language 
is ambiguous or uses jargon. On the other side of the coin are libraries with inadequate signage 
that leave students at a loss as to where to go or what the rules are. This paper will address ways 
to gain the attention of our patrons and ways to convey our messages using positive language 
instead of negative language. For example, many libraries may welcome guests to the library 
with negative messages such as “No food allowed” or with signs showing pictures of rats and 
bugs and chewed up books. This may not be the best way to warmly welcome patrons to our 
libraries or inspire them, particularly. Not to mention that this may drive them to go instead to 
places like Barnes and Noble where they can relax with a cup of coffee with a book in one hand 
and their laptop in the other. So, signage is clearly a critical part of the environment and plays a 
roll in the library as place, as an appealing and user-friendly environment.

BACKGROUND

 In spring 2005, Gary White, Head of 
the Schreyer Business Library at Pennsylvania 
State University decided to approach a group 
of 40 MBA students in two business school 
classes, a Branding class and a Marketing 
Strategy class about doing ethnographies 
for the libraries. He wanted to find out more 
about our student’s perceptions of the library 
generally and what we could do to more 
effectively market the library to our patrons. 

STUDY RESULTS

 The results of the study indicated that 
overall, students want the library look more 
like a bookstore. For example, they suggested 
that we highlight certain collections, such as 
having a separate careers or new books 

section. This seems to support the idea of 
creating something like the “information 
neighborhoods” discussed in the article 
“Power Users” (Dempsey, 2005).  In other 
words, “The neighborhoods are marked with 
huge retail-style signs that declare ‘Health & 
Fitness’ or ‘Automotive’.” (Dempsey, 2005, p. 
2) The students indicated in the ethnographies 
that they felt someone walking onto the floor 
should be able to do a quick visual scan 
and could see where different subject areas 
were located without knowing the Library 
of Congress system. Students also thought 
we should emphasize the new and current 
resources in our collections because many 
of them perceive the library as containing a 
lot of “old stuff” but what they indicate they 
are interested in is what is new and current. 
For students accustomed to news updated 
on the web every half hour or more, the idea 
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of newness and currency are important and 
they place a high value on it. They felt the 
new items should be placed at the front of the 
library near the entrance to draw students in, 
and the older material placed further back. 
The students also wanted signs for services 
offered rather than just locations. They wanted 
signs that indicated a service in layman’s terms 
like “help desk” or “check out books here” as 
opposed to “reference desk” or “circulation 
services”. The use of jargon is a problem 
as has been documented in the literature 
(Hutcherson, 2004) previously. Terms that 
are familiar to librarians may be mysterious 
to our patrons, especially new students.  In 
addition, students mentioned that as far as 
location and directional signs, they wanted 
signs at “decision points”. In other words, at 
many places in a library there are places where 
the patrons need to make a decision about 
which direction to go. Those are the points at 
which signage can be helpful. A walkthrough 
of your library with a new patron can be very 
helpful in determining where those points 
are. In addition, they mentioned lighting and 
shadows. Signs need to be visible and well lit.  
Other issues libraries may need to consider 
are font size in signs and contrast to increase 
readability as well as ADA Compliance 
(Braille, etc.). 

LANGUAGE IN SIGNS

 Subtle changes in the way language is 
used to convey messages can have a profound 
effect on the way those messages are received 
or interpreted. Even a small change in wording 
can have an effect. For this reason, we need to 
pay close attention to the way we use language 
in signs. Much of the language we typically 
use in libraries is negative, in other words, 
language that describes something we do not 
want the patrons to do. When the students 
were asked in the ethnographies what image 
or slogan came to their minds when they 

thought of the libraries, the overwhelming 
majority said, “No food or drink allowed.” 
Now, when you consider that this is the first 
thing the students think of when they think 
of the libraries, this is not a particularly 
positive message. Some librarians call these 
kinds of negative messages “Thou Shalt Not” 
messages. Part of marketing the library is 
promoting a positive and welcoming image, 
a positive branding, and part of creating this 
image is using language and concepts that 
reinforce positive behaviors in our patrons. In 
addition, we can not only reinforce positive 
behaviors but we can emphasize the qualities 
and behaviors that we wish to promote on our 
side, such as the helpfulness of the librarians 
and the currency and utility of our collections. 
In the article “Target Your Brand” by Beth 
Dempsey, 2004, p. 1), Chris Pulleyn, chief 
executive officer of Buck & Pulleyn, is 
quoted as saying, “brand is the definition of 
your institution that exists in the mind of the 
customer”. Our brand appears to be No __ (fill 
in the blank) as in “no food or drink” or “no 
talking, no cell phones”, etc. If you think about 
slogans that are memorable from well-known 
companies, you will see that they emphasize 
services and products or positive associations 
and concepts. For example, Burger King’s 
“Have it your way” or the “We try harder” 
from Avis and even Allstate’s recent “You’re 
in good hands”, the library slogan of “No food 
or drink” seems truly uninspired. We need to 
think about the message we are sending and 
how we can change the wording of signs to be 
more positive, welcoming, and memorable. 
We need to also think about emphasizing 
products or services rather than rules.  The 
first step towards using positive language is 
of course, a shift in our thinking about what 
image we want to project. The second step is to 
begin changing the wording on all marketing 
materials to reflect both a positive image 
and language. Simply rephrasing messages 
to be positive also causes a shift in the way 
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we think about something. So, instead of “no 
food or drink allowed” you could try “drinks 
are allowed in approved mugs” or “water is 
allowed in spill-proof containers” for example. 
The effect may be positive not only for our 
patrons but also on our own perceptions of the 
place in which we work.
 An example of a sign we have had 
at Penn State University that did not send a 
positive message is one we had with drawings 
of rats climbing around on books that said, 
“Food particles, gum, and spilled drinks attract 
rodents and insects, stain paper, and cause 
mold and mildew. Consumption of food and 
beverages in the Libraries is prohibited. Please 
DO NOT eat or drink in the library!!” We also 
had a creative campaign several years ago that 
used alliteration for a fun yet still negative 
effect. For example, we had bright yellow 
buttons (pins) with drawings of cockroaches 
on them that were imprinted with “Ravenous 
Roaches Ravage Root Beer and Rare books. 
No food or drinks in the library.”
 The University of Maryland, College 
Park tackled the problem of a negative 
message on public workstation screensavers by 
changing the wording as follows, from:

•	 No eating or drinking allowed. 
•	 No playing games, personal e-mail or 

chat allowed on these workstations
To the following:
•	 UM Libraries are free of food
•	 Water in closed clear bottles only
•	 Computer terminals for research and 

e-mail
•	 Phones, pagers in lobbies only
•	 Materials returned on time or renewed

 It had become apparent during this 
language shift that it is next to impossible to 
make distinctions between what is personal 
or academic use of email. Students may be 
emailing fellow students about a project or a 
professor with a question so that was left on as 

acceptable. 
 Sometimes it can be difficult to re-
phrase our messages succinctly. For example, a 
recent attempt to create a positive sign at Penn 
State resulted in the table tent “Thank you for 
safeguarding the collections with a Library-
approved beverage container”. This sign is 
wordy and long. On the upside it is better than 
“no food or drink”. It is a real art to come up 
with a sign that is succinct, memorable and 
direct like the corporate slogans. Librarians are 
not corporate marketing or branding experts 
of course but we can hire consultants or if 
that is not possible, get student feedback on 
our final choices by using focus groups or 
interviews. Some examples of positive and 
succinct signage we have recently used at Penn 
State are “Wireless Access Zone” and “Cell 
Phone Use Zone” signs. These signs emphasize 
where students can do something they want 
to do. In addition, we have created an Ask a 
Librarian logo that is on many of our library 
web pages. Consistency of signage helps create 
branding, so it is helpful if branch libraries and 
central libraries can coordinate their efforts. 
In summary, the main points are to consider 
what you want your “slogan” to be. (What 
do you want students to think of when they 
think of your library?) Then, create signs that 
reinforce this slogan. Use positive language 
construction, emphasize the new and current 
and avoid jargon.
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A CUT ABOVE?  PLAGIARISM IN THE GEOSCIENCES

Patricia B. Yocum
Shapiro Science Library
University of Michigan
Ann Arbor, Michigan

 Abstract - Plagiarism has become a hot topic in the Internet environment. As reported in 
both the general press and science publications, the type of people caught plagiarizing ranges 
broadly. So too do the subjects involved. To what extent do these reports concern geoscientists? 
To what extent do they deal with plagiarism among students taking geoscience courses?  In short, 
what image of integrity in the geosciences vis à vis plagiarism does the literature present? To 
answer these questions three types of literature 1995-2005 are examined:  1) the general press 
as represented by four national newspapers (New York Times, Washington Post, Los Angeles 
Times, Chronicle of Higher Education); 2) the science literature as indexed by ISI Web of 
Science; and 3) the geoscience literature as indexed in Georef. Results lead to an examination 
of the implications for training future geoscientists as well as instructing all students enrolled in 
geoscience courses. It further looks at implications for the role of libraries and librarians in such 
training and instruction and potential collaboration with faculty members to deal with plagiarism.  

INTRODUCTION

 Honesty and integrity are foundation 
blocks of the scientific community. Science 
relies on practitioners to pursue their 
investigations truthfully, adhering to values 
long established and widely held. Included 
in these values is the commitment to 
acknowledge people, their discoveries and 
their scholarly output which precede one’s own 
work and to do so in an appropriate fashion. 
Plagiarism dishonors this value and threatens 
the fundamental pursuit of science to better 
understand the natural world.  
 What is plagiarism? According to 
Webster’s Dictionary to plagiarize is “to steal 
and pass off (the ideas or words of another) as 
one’s own; use (a created production) without 
crediting the source; to commit literary theft; 
present as new and original an idea or product 
derived from an existing source”.[1] Plagiarism 
is “an act or instance of plagiarizing”. [2]

     
 The widespread current interest in 
plagiarism has its roots in several sources. 
Reports in the mainstream news media about 
formally unacknowledged borrowings in the 
work of popular best-selling authors suggest 
that plagiarism is commonplace. [3] Other 
reports concerning allegations of plagiarism 
in the research community contribute to 
the notion. [4]  So too do reports of similar 
allegations involving academic administrators, 
faculty members, and students. [5] Finally, 
powerful and pervasive digital technology 
makes finding and copying material easy 
while placing few if any demands on users to 
acknowledge it origins.

STUDY QUESTIONS

 As an integral part of the scientific and 
academic communities the geosciences have a 
vested interest in how its practitioners behave. 
Although not all transgressions of behavorial 
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norms receive public attention, it is assumed 
that those which do can affect the public image 
of a field. Given reports of plagiarism such 
as those noted above, it may be especially 
timely to ask to what extent recent published 
reports of plagiarism involve geoscience and/
or geoscientists. What image of integrity in 
the geosciences vis à vis plagiarism does the 
contemporary literature present? 

METHODOLOGY

 To answer these questions an 
examination of sources for the period 1995 - 
September 2005 was undertaken among three 
types of literature: the national newspaper 
press; the general science literature; and the 
geoscience literature. A principal index for 
each type of literature was selected as the 
search tool used to find reports. These indexes 
were LexisNexis Academic for newspaper 
articles, ISI Web of Science/Science Citation 
Index for science as a whole, and Georef and 
Georef Previews for the geoscience literature 
per se. Each index was selected because of 
its expansive coverage of source titles for 
the period under review, the reliability of its 
indexing, and the efficacy of its search engine.  

The same search terms were used 
in each index, permuted to yield the largest 
number of results possible. Terms used 
were plagiarism, plagiarize, geoscience(s) 
/ geoscientist(s), geology / geologist(s), 
geological science(s), earth science(s) / 
earth scientist(s). For consistency across 
the three indexes the guided search function 
was used. Search parameters were keyword, 
word anywhere or full text depending on the 
option offered in the index. All searches were 
limited to the study period 1995-September 
2005. Results of each search were examined 
to confirm relevance of the articles and to 
categorize their content. 

NATIONAL NEWSPAPERS

 The first phase of searching focused 
on the national newspapers. For the purposes 
of the study national newspapers were defined 
as those which consistently cover news at 
the national level, have broad distribution 
and access, offer newswire services to other 
media, and are frequently referenced. The New 
York Times (NYT), Washington Post (WP), 
and Los Angeles Times (LAT) were identified 
as meeting these criteria. Each was searched 
in LexisNexis Academic, a database which 

Search Term  New York Times  Washington Post  Los Angeles Times
plagiarism  562 407  17
geoscience(s)  69  38   0
geoscientist(s)  13     7   0
geology   >1,000 †   >1,000 †  156
geologist(s)   >1,000 † 799   81
geological science(s)  52  11   1
geological scientist(s)     0    1  0
earth science(s) 240 258  4
earth scientist(s)  64  50  0

† limitation set by the database

 Table 1.

Yocum
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“provides full-text documents from over 5,900 
news, business, legal, medical, and reference 
publications. . .” including “National and 
regional newspapers, wire services, broadcast 
transcripts, international news, and non-
English language sources.” [6] 
 Searching was done by individual 
search term and truncated where appropriate 
e.g. geoscience, geology, plagiari* Results are 
given in Table 1. 
 A subsequent search combined 
plagiarism (plagiarize, plagiari?) with variant 
terms for the geosciences. Results appear in 
Table 2.
 Each article identified by the combined 
searches was examined individually. Nine 
articles were found to be unique while two 
appeared in both the New York Times and the 
Washington Post. There were no results for 
the Los Angeles Times.  Of the four unique 
articles in the New York Times three contained 
the terms searched but did not link the terms 
in concept or meaning. The fourth result was 
a book review of the Piltdown hoax whose 
author was also a plagiarist. Of the five unique 
articles in the Washington Post, three included 
the term in summary columns (news notes, 
calendar of events) while two were book 
reviews.  
 The Chronicle of Higher Education 
also covers news at the national level, has 
broad distribution and access, and is frequently 

referenced. Because of its special standing in 
the academic community the Chronicle, which 
specializes in news about higher education, 
was included in the study and searched 
directly, using the search engine provided by 
the publication’s website. Results are presented 
in Table 3.
 The single article containing both 
plagiarism and a variant of geology did not 
connect the terms in concept or meaning. The 
appearance of both terms in the same article 
was judged to be coincidental. 

SCIENTIFIC DATABASES 

 The next phase of searching centered 
on Science Citation Index (SCI). A component 
of the ISI Web of Science, SCI indexes 5,900 
mostly peered-reviewed journals across 
the spectrum of science, technology and 
medicine. The database currently holds over 
30 million records. [7] One of the most heavily 
used indexes in academe, SCI is favored by 
scientists for the quality and reliability of 
its data and its ability to track citations both 
retrospectively and prospectively. In addition 
to articles reporting original scientific results, 
SCI also indexes news and opinion articles 
which appear in scientific publications. The 
same search terms and search parameters used 
in searching the national newspapers were 
used in searching SCI. As with the Chronicle, 

Search Term  New York Times   Washington Post    Los Angeles Times
plagiarism AND geoscience(s)  0  0  0
plagiarism AND geoscientist   0  0  0 
plagiarism AND geology   4  1  0
plagiarism AND geologist(s)   0  5  0
plagiarism AND geological science(s)  0  0  0
plagiarism AND geological scientist(s)  0  0  0
plagiarism AND earth science(s)  0  1  0
plagiarism AND earth scientist(s)  0  0  0

Table 2
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searching SCI was done directly, using the 
search engine provided on the ISI website. 
Results are shown in Tables 4 and 5.
 The third and final phase three of the 
study focused exclusively on the geoscience 
literature by concentrating its searching on 
GeoRef and GeoRef Previews, both produced 
by the American Geological Institute. With 
over 2.8 million references, “The GeoRef 
database . . .provides access to the geoscience 
literature of the world. GeoRef is the most 
comprehensive database in the geosciences 
and continues to grow by more than 90,000 
references a year.”  [8] GeoRef Previews lists 
entries in the production stream prior to their 
inclusion in GeoRef. [9] The same search 
terms and parameters used in phases one and 
two were again used. GeoRef was accessed 
using the CSA search engine while GeoRef 
Previews was searched directly using the 
search engine furnished on the AGI website. 
Results are shown in Tables 4 and 5.

The fullness of the scientific indexes 
is readily displayed in Table 4. As would 
be expected GeoRef yields more than two 
million records with variants on geology and 
earth science. Though smaller, the SCI search 
results with 10,070 records indicate significant 
coverage of the geoscience literature in SCI. 
Yet when searches combine the subject with 
plagiari* the number of results plummets. In 
the aggregate the three databases yield only 
twenty-three records for items which include 

variants of plagiarism and geoscience. This 
is slightly more than .00001% of all records 
dealing with the geosciences and its variants. 

A close examination of the twenty-
three records reveals that seventeen are for 
abstracts of presentations given at conferences. 
More than half of the seventeen, however, 
are duplicates, found because they include 
more than one variant of a geoscience term 
used in the search. Only eight abstracts 
are in fact unique. Of these three deal with 
teaching methods to mitigate plagiarism 
among students, two are discussions of ethical 
issues in the profession, and three concern 
descriptions of plagiarism preceding the time 
period of the study. The remaining six of 
the twenty-three records refer to full length 
articles. When duplicates are removed only 
three unique records remain. One article covers 
teaching methods which can help mitigate 
plagiarism among students, the second is a 
professional writing guide, and the third is a 
description of historic instances of plagiarism. 

DISCUSSION and CONCLUSION

 Extensive searches of national 
newspapers, a specialized newspaper and 
three scientific indexes show that work in the 
geosciences from 1995 –2005 is not associated 
on the national level with plagiarism. Though 
some references concern historic cases such as 
the Piltdown hoax and Moh’s hardness scale, 

Search Term  Results  Term + Plagiarism 
plagiarism   190   N/A
geoscience(s)  27   0
geoscientist(s)  4   0
geology   164   0
geologist(s)   67   0
geological science(s) 20   1
geological scientist(s) 0   0
earth science(s)  53   0
earth scientist(s)  10   0

   Table 3.
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Search Term  SCI  GeoRef  GeoRef Prev
plagiarism/ plagiari*  205  16  2
geoscience   527  35,638  2113
geosciences   265  41,020  4345
geoscienc*   767  74,535  5,958
geoscientist   24  448  22
geoscientists   123  2,915  124
geology   6,460  1,635,552 20,743
geologist   181  13,134  215
geologists   612  87,669  1,654
geological science  9  1,663  338
geological sciences  59  40,674  2,641
geological scientist  0  3  0
geological scientists  1  32  1
earth science   483  26,633  1,695
earth sciences  447  60,484   4,354
earth scientist  12  105  23
earth scientists  100  326  27

     Table 4

Search Term   SCI  GeoRef  GeoRef Prev
geoscience AND plagiari*  1  1  1
geosciences AND plagiari*  0  0  0
geoscientist AND plagiari*  0  0  0
geoscientists AND plagiari*  0  1  0
geology AND plagiari*  0  11  0
geologist AND plagiari*  0  3  0
geologists AND plagiari*  0  2  0
geological science AND plagiari* 0  0  0
geological sciences AND plagiari* 0  2  0
geological scientist AND plagiari* 0  0  0
geological scientists AND plagiari* 0  0  0
earth science AND plagiari*  0  1  0
earth sciences AND plagiari*  0  0  0
earth scientist AND plagiari*  0  0  0
earth scientists AND plagiari*  0  0  0 

Table 5
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contemporary geoscience and its practitioners 
appear to be honorable at least as measured by 
exposure in national media. Expressed in the 
vernacular, geoscience appears very “clean”. 
Such an image can be a great advantage, 
providing opportunity for recruitment to the 
field as well as for leadership in science and 
education.

At the same time there is reason for 
caution. Of the eleven unique records located, 
seven are concerned with raising ethical 
consciousness or developing techniques 
for avoiding plagiarism particularly in the 
classroom. The power of digital technology 
and the challenges it brings are clearly evident. 
Although the contemporary literature may 
be devoid of headline cases of plagiarizing 
geoscientists or geoscience students, 
indications are that the geoscience community 
senses risk, is focusing attention on it, and 
seeking options for modeling ethical practices 
in the new digital environment.

Especially in regard to modeling 
student behavior, the geoscience community 
can find ready support among librarians. 
The Association of College and Research 
Libraries’ “Information Literacy Competency 
Standards” identifies core competencies 
required for successful work in scholarship. 
Included in Standard Five is the ethical use 
of information. [10] The same competency 
is included in Standard Four of “Information 
Literacy Standards for Science and Technology 
Libraries”. [11] Augmenting these is growing 
body of library instructional programs, 
methods and materials. In tandem with 
knowledgeable librarians they form a solid 
foundation for collaboration with geoscience 
faculties in training the next generation of 
geoscientists to be as skilled and ethical in its 
scholarship as the preceding generation has 
been.  
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 Abstract -The objective of this study was to determine how many opportunities are 
actually available for new science librarians. As a result of forecasts stating that there will soon 
be a shortage of librarians, several recruitment efforts are under way to ‘grow’ more librarians. 
For this study, a content analysis of job advertisements from 2000-2005 issues of College & 
Research Libraries News (C&RL) was conducted.

INTRODUCTION

Recent discussions with colleagues 
about recruiting science majors into 
librarianship prompted my interest in 
determining job availability for science 
librarians. As a result of forecasts stating that 
there will soon be a shortage of librarians, 
several recruitment efforts are under way to 
‘grow’ more librarians. Examples include the 
IMLS grant, ALA scholarships, ARL initiatives 
and various internships.  At the same time, 
budget cuts and hiring freezes occur daily and 
threaten the pool of jobs available. In 2002 
the state of OH lost 7% in state aid, Seattle 
Public library had to close twice in one year. 
Due to campus wide budget cuts we had to end 
our search for an instruction librarian at the 
University of Cincinnati.

Although often discussed in 
conversation, there appears to be a dearth 
of literature concerning the specific topic of 
permanent jobs available to new librarians 
interested in science librarianship. I define new 
librarians as those right out of library school 
or those with less than a year of professional 
library experience. Closely related topics 
include the following:

Dewey’s 1986 study of the job 

openings requiring or desiring science 
backgrounds revealed that while there were 
not enough “applicants with science academic 
backgrounds to fill the positions available in 
the survey population” there did not seem to 
be a hiring crisis. Jones, Lembo and Manasco, 
2002 focused on entry-level science librarian 
positions in five publications to determine 
qualifications needed. 

The controversy surrounding hiring 
librarians with or without science degrees was 
discussed by Storm & Wei, 1994 and Stuart 
& Drake, 1992. Stuart argued that science 
libraries were not adequately serving their 
clientele by hiring librarians lacking science 
backgrounds.  According to Storm and Wei, 
there was a “shortage of librarians with science 
degrees.” As a result of this they found that 
some libraries sought candidates with graduate 
science degrees as opposed to those with 
library science degrees.

After examining eight years of position 
announcements from American Libraries, 
College & Research Library News and 
The Chronicle of Higher Education, White, 
1999 found that science positions slightly 
outnumbered business and social science 
positions. However, it was noted that “previous 
library experience was the top listing” under 
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required skills and qualifications.
Finally, Osorio’s, 1999 study examined 

201 science and engineering positions and 
sought to find changes in the qualifications 
and job responsibilities but didn’t focus on 
entry-level versus experience issues. Osorio’s 
study is noteworthy because he found that 
there was a remarkable increase in required, 
preferred and desired qualifications and job 
responsibilities.

The present study differs from the 
aforementioned in that it focuses on positions 
available for those interested in some aspect of 
science librarianship. 

METHODOLOGY

A content analysis of academic job 
advertisements from 2001-2005 was examined 
for this study.  The ads were selected from 
print copies of College & Research Libaries 
News (C&RL). C&RL News was selected 
because those job seekers most interested 
in obtaining academic positions consult this 
publication. Additionally, a review of the 
literature reveals a lack of studies using C&RL 
News for science focused content analysis.
  Online resources such as Educause and 
STS-L archives were used to locate additional 
information about the job ad when links no 
longer existed. Jobs that required over 3 years 
of experience were excluded. Only full-time 
positions were noted.

RESULTS

A total of 93 science related job 
descriptions from print copies of 2001-
2005 C&RL News were analyzed. Four job 
advertisements lacked sufficient information 
(information couldn’t be found using Educause 
or STS-L) and were eliminated. The highest 
number of ads appeared in the January 2001 
issue (8 total). Ads in the July/August 2001, 
April 2002, November 2002, May 2004 and 

September 2004 issues tied with 4 ads each.
The Northeast region of the United 

States listed the highest number of job ads 
followed by the Southern region of the country.  
Not included in this ranking was a job ad for 
a position in Canada.  These findings were 
similar to those found by Song, 1997 and 
Osorio, 1999.
 Further breakdown of the geographic 
locations reveals that California had the 
highest number (9 ads) with Indiana and New 
York tying with 8 and Louisiana trailing with 
7. Compared to past job ads most of these job 
ads didn’t require a certain number of years of 
experience.

Education 

Nearly all (95%) of the ads required 
an ALA-accredited master’s degree in 
librarianship. Three allowed professional work 
in lieu of the degree and one ad allowed a 
graduate science degree in lieu of the degree. 
These findings were similar to those found by 
Jones and White. 

Salaries

The starting salaries ranged from 
$29,500-$68,000. Twenty-five ads didn’t list 
a minimum salary. The yearly breakdown 
follows:

$34,500-$43,000  =2005
$34,000-$42,527=  2004
$34,000-$68,000 = 2003
$32,000-$46,000=  2002
$29,500-$48,156=  2001

Required qualifications

Communication/Interpersonal   (67%)

Gooden
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Science background        (50%)
Work collaboratively       (40%)
Public service orientation   (31%)
Work independently       (25%)
Instruction                                 (21%)
Computer/Web page design      (17%)
Ability to achieve tenure           (16%)

Preferred qualifications

Collection Development            (38%)
Instruction/Experience               (26%)
Undergraduate science degree   (24%)
Computer /Web page design      (23%)
Graduate science degree            (22%)
1 year of academic experience  (19%)
Work collaboratively                   (7%)
Communication/Interpersonal     (7%)

CONCLUSION

This study shows that a science 
background is a requirement for 50% of 
the jobs. It is also evident that successful 
candidates will need to possess excellent 
communication/interpersonal skills and be 
able to work well with others (colleagues, 
professors, students). Strong service 
orientation or interest in service ranks high 
as well.

The lengthy preferred qualifications 
suggest that most employers are not seeking 
new librarians to fill these positions. Therefore, 
new librarians will need experience in 
collection development, reference, instruction, 
web page design and have a science 
undergraduate to successfully obtain many 
positions in academic libraries. As stated 
earlier, Osorio’s study is noteworthy because 
he found that there was a remarkable increase 
in required, preferred, desired qualifications 
and job responsibilities. The current study 
validates that finding. This trend might explain 
why there are limited jobs filled by new 
science librarians.
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Appendix 1.  Job titles

Bioinformatics/Life Science 
Biological and Life Sciences 
Bioscience Information Specialist
Business & Engineering 
Chemistry/Math  
Earth Sciences librarian/bibliographer 
Eng, Math, Computer Science 
Engineering Librarian  
Engineering Ref/Instruction 
Engineering/Reference  
Geology,Head  
Geology/Digital Maps 
Head, Engineering & Science  
Head, Science & Technology   
Health Science Liaison 
Health Science Reference  
Health Sciences   
Health Sciences/Distributed Education
Librarian, History of Sciences 
Librarian for Engineering    info not available
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Appendix 1. Cont.

Life and Allied Health  
Life Sciences  
Life Sciences/Molecular Biosciences
Math/Physics  
Nurses and Life Sciences 
Physical Sciences  
Physical Sciences Team Leader 
Physical Sciences/Engineering 
Physics, Astronomy& Digital Projects
Reference, BioMedical  
Reference/Health Science  
Reference/Natural and Health Sciences
Reference/Science  
Reference/Sciences& Health Sciences Subject 
Specialist
Research Services 4 Life Sciences
Resource Services for SEL 
Science /Instructor  
Science and Engineering Ref 
Science and Health Sciences 
Science Bibliographer
Science Cataloging 
Science Digital initiatives 
Science Electronic Resources Specialist
Science Engineering  
Science Engineering Team Leader
Science Instruction Coordinator 
Science Liaison  
Science Liaison/Reference  
Science Librarian  
Science Reference  
Science Ref/Bibliographer 
Science& Technology  
Science, Research & Instruction 
Science,Engineering & Technology & Nursing
Science/Patents Reference  
Undergrad S&E Outreach and Instruction

Gooden
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 Abstract— Geocaching is a popular game that combines treasure hunting with GPS 
technology.  Players search for hidden caches using GPS coordinates and other clues.  A central 
listing of caches is maintained at www.geocaching.com along with descriptions of various 
types of caches and guidelines for creating new caches.   The Geological Society of America 
has recently jumped on the geocaching bandwagon by sponsoring a network of “Earthcaches”, 
caches with an educational earth science theme. 

Libraries can capitalize on the popularity of this sport in several ways.  Most obviously, 
geocaching is a way to introduce people to your library.  A creatively designed multicache can 
double as a library tour.  Clues can be imbeded in the online catalog or in database records as 
a way to highlight these resources and can even be used to explain your library’s classification 
system.  Geocaching can bring some fun into your library and contribute to educational and 
outreach missions.

WHAT IS GEOCACHING?

Geocaching is a popular activity similar 
to orienteering that uses GPS technology to 
guide users to caches of various types.  The 
GPS unit provides the starting coordinates 
then the challenge is to find the cache based 
upon clues provided the cache owner.  GPS 
units with an accuracy of 25-200 feet are 
relatively inexpensive with a basic model 
costing approximately $50.  With cell phones 
now coming bundled with GPS capability, 
geocaching is poised to become even more 
popular.

The first geocache was hidden in 
May 2000 following the government’s 
unscrambling of GPS satellite signals. Clues 
to its location were publicized via the Internet 
(Groundspeak, 2005a). Since then, geocaches 
have multiplied and the number of caches has 

grown to over 200,000 active caches in 218 
countries.  Geocaches are ‘registered’ at the 
www.geocaching.com website, which provides 
indexed access to geocaches by location 
(country, state, latitude/longitude, zip code, 
etc.), keyword, waypoint (a code name for a 
specific cache), type, and owner.

A standard cache contains a logbook 
for comments from finders and tokens such 
as small toys, CDs, books, tickets, coupons, 
and such.  Finders are encouraged to leave a 
comment, take a token, and leave something 
in exchange.  The one firm rule is no food.  
Since most geocaches are hidden outdoors, 
it is important that the cache not attract local 
wildlife.  Also frowned upon is propaganda 
or suggestive material; geocaching is very 
much a family activity and cache owners are 
encouraged to follow the game rating system 
and keep their caches rated “E” for everyone.  



GSIS Proceedings 2005

96

Finding the cache begins with logging 
on to the geocaching.com website and 
selecting a cache to locate.  Each geocache is 
described by a webpage that gives latitude/
longitude coordinates, a description of the 
type of cache, clues to its location, a difficulty 
rating, terrain rating, and a map of the local 
area.   The difficulty rating reflects factors such 
as how long it will take to locate the cache.  
The terrain rating reflects physical factors such 
as wheelchair accessibility or trail steepness.  
Also included on the webpage are links to 
nearby caches, landmarks, hiking trails, etc.  
Finally, the webpage provides an opportunity 
for enthusiasts to record their comments about 
the cache.

TYPES OF CACHES

Types of caches are quite varied.  A 
traditional cache is about the size of a one 
quart plastic container and contains a logbook 
and room for trinkets.  A microcache is about 
the size of a 35mm film canister.  A multicache 
takes several steps to locate.  The initial 
coordinates take the searcher to a location 
from which they follow multiple clues to 
locate the cache.  Mystery caches are a type 
of multicache that requires users to solve a 
mystery to find the cache. An offset cache will 
commonly start at a historic marker. A puzzle 
cache starts with a puzzle which must be 
solved to gain the requisite clues.  A letterbox 
type cache contains a stamper that the searcher 
can use to stamp their geocaching ‘passport’.  
Enthusiasts try to collect as many geocaching 
stamps as possible.  

Another category of caches is the 
virtual cache.  A virtual cache is itself a 
landmark or similar place.  The successful 
searcher must answer questions to prove that 
they located the cache.  A variant on the virtual 
cache is one that requires that the searcher 
be photographed via Webcam to prove their 
finding of the cache location.  Earthcaching is 

an educational virtual cache that features an 
interesting geological feature.  Earthcaches are 
formally approved by the Geological Society 
of America and are commonly located in state 
and national parks (Geological Society of 
America, 2004).  Event caches are gatherings 
of geocachers.  Reverse caches are a type of 
scavenger hunt.

THE EMS LIBRARY GEOCACHE

 “By George”, the EMS Library 
geocache, is a multicache and is unusual in 
that it is located indoors, hidden in the library 
itself (Groundspeak, 2005).  The container is 
shaped like a book and shelved in the library 
stacks.  To locate the cache, the searcher must 
calculate the cache’s call number using the 
clues provided.  Since GPS units do not work 
well indoors, the initial coordinates lead to 
the front of the building where an interesting 
geological formation is on display.  Following 
the clues leads the searcher to the library, 
where they need to find a secondary clue sheet 
which is hidden on the bust of George Deike, 
near the front of the library.  The clue sheet 
contains some basic information about library 
classification then asks the user to do some 
basic math to calculate the call number for the 
geocache – GV1200 – the official Library of 
Congress classification number for geocaching. 
The user then goes to the stacks to locate the 
cache.
 

RESPONSES TO THE EMS LIBRARY 
GEOCACHE

The responses to the geocache have been 
extremely positive to date.  Most enthusiasts 
are intrigued by the uniqueness of the cache 
and enjoyed the hunt.  Many comment that 
they have frequently passed our building but 
never stopped before; others mention that they 
have seen our collections for the first time.  

Musser
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Samplings of comments from the geocache 
logbook are listed below:

“Not only did I experience a truly unique 
caching adventure, but I learned something as 
well.  That’s crazy!”

“It’s about time we found this cache...since 
we work in the [nearby] building.  Anyway, 
this is definitely an awesome cache idea.  I 
never would have thought of it myself.  It’s 
funny, because we found the cache with tons of 
people around and nobody was the wiser.”

“This was a great find. A lot of fun doing some 
detective work on this one.”

“Found it this morning on my way to another 
building.  A fun way to start the week”

GEOCACHING AND LIBRARIES

 The Earth and Mineral Sciences 
Library is an academic science library, part of 
the University Libraries of the Pennsylvania 
State University.  In the fall of each year, 
the Libraries host an open house for all new 
students. The theme for fall 2005 was sports 
and each library was asked to tailor their 
open house activities around that theme.  The 
EMS Library chose to feature geocaching as 
our sports theme and decided to incorporate 
an actual geocache into our activities.  The 
clues were designed to introduce students to 
the Library of Congress classification system 
and to lead them into our stacks so they could 
become familiar with the layout of the library.
 The geocache activity proved popular 
and we chose to make the geocache a 
permanent feature of the library for several 
reasons.  Firstly, geocaching is a fun activity 
and gave us a no-cost way to contribute to 
recreational possibilities in our area.  It brings 
new people into our library and exposes 

them to resources that they may have been 
unaware of.  Additionally, recent studies 
by OCLC and the Council on Library and 
Information Resources (OCLC, 2003 and 
Council on Library and Information Resources, 
2005) report changing usage patterns and 
expectations of students for libraries.  Students 
increasingly want academic libraries to not 
only be places for studying and learning but to 
provide recreation and relaxation opportunities 
as well.  To that end, we have increased the 
number of comfortable chairs available, added 
a couch and footstools, and put out puzzles and 
games of which the geocache is one.  
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THE GEOLOGY ALUMNI SOCIETY GEOPARK AT THE UNIVERSITY OF SOUTH 
FLORIDA: COMMUNITY EDUCATION AND KARST
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Abstract - Over the past four years, the faculty, students, and alumni of the geology 
department at the University of South Florida (USF) have molded a tract of undeveloped land 
on the Tampa campus into a community education site focusing on karst. Tampa is built upon a 
mantled karst terrain, and local public interest in karst is fueled by sinkhole damage and water-
resource issues concerning the Floridan Aquifer. 
 The geology faculty at USF have long used the site for education and research into 
mantled karst landscapes and hydrology, as well as geophysics. The alumni use the site for 
annual expositions of geological field equipment and techniques. Exhibitors at these events 
have installed many permanent monitoring wells in the Surficial and Floridan Aquifers and run 
numerous geophysical surveys across the sinkholes. 
 The GeoPark has several sinkholes, three large limestone boulders of Floridan Aquifer 
material, and a mulched trail with educational signs. A recent community education grant funded 
by the Southwest Florida Water Management District provided the resources to develop the 
signs. 

Each sign highlights a different feature of the GeoPark and uses it to discuss the 
characteristics of karst landscapes and aquifers: “Hillsborough River Basin” orients visitors 
within the river basin using a collage of aerial photos of the Hillsborough River Basin; “Floridan 
Aquifer” explains the concept of an aquifer and the formation of caves; “Sinkholes” includes 
descriptions of sinkhole types, distributions, and techniques used to study them; and “Sources 
of Contamination” emphasizes the connectivity of the aquifer to the surface and lists potential 
sources of contamination. 

The park and the signs are results of a combined effort by members of the local 
geological community, and faculty and students of USF. 
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THE MONTANA-YELLOWSTONE GEOLOGIC FIELD GUIDE DATABASE: A 
DIGITAL RESOURCE TO INTEGRATE FIELD-BASED RESEARCH, TEACHING, 

AND LEARNING
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 Abstract - Field experiences are a central component of the modern geoscience 
curriculum, and published field guides and road/traverse logs are invaluable resources to 
facilitate the development of teaching and learning in the field. These references are also a 
primary means by which geologic information is transferred from experienced researchers to the 
wider scientific and academic communities. Despite their importance, most of the publications 
of this type are part of a “gray literature” that is not well known, widely distributed, or readily 
accessible for searching. 
 The Montana-Yellowstone Geologic Field Guide Database, http://serc.carleton.
edu/research_education/mtroad logs/ index.html, is a pilot project for making the field guide 
literature of a geologically diverse and often visited region more accessible and useful for 
geoscience educators, students, and researchers. This digital resource features a fully searchable 
and growing collection of more than 50 of the best references for learning about the geology 
of this fascinating region. Bibliographic, geographic, and geologic (e.g., rock types, structures, 
landforms, etc.), information for each reference is summarized and cataloged using the digital 
library technologies provided by the Science Education Resource Center (SERC) at Carleton 
College. Resources may be discovered by faceted searching of geologic topic, geographic 
location, and geologic province. Information for obtaining the various publications is also 
provided, as well as a listing of useful web resources related to field-based learning, a list of the 
“top-10” field trips in Montana and Yellowstone National Park, a forum to post and share field-
based exercises, and web links providing practical information for planning and leading field 
trips in the region. While the database is not an exhaustive listing of every published field guide 
in Montana or Yellowstone, this resource will grow as users submit additional references and 
field-based exercises to the collection by means of the online forms included on the site. This 
project was funded by a grant to the DLESE Community Services Center (NSF EAR 0306708). 
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AUGMENTING THE PALEO-STRAT INTERVAL CONSTRUCTION AND ANALYSIS 
TOOL (PSICAT) WITH CHRONOS SYSTEM SERVICES
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Abstract - PSICAT is a stand-alone tool for creating and viewing stratigraphic columns 
from drill cores and outcrops. Because of the nature of the fieldwork, it is important that PSICAT 
be fully functional without a network connection. However, when a network connection is 
present, such as after the initial fieldwork or when used by end users, PSICAT utilizes the 
extensive services provided by CHRONOS’s innovative eXtensible Query Engine (XQE) system 
(http://portal.chronos.org/gridsphere/gridsphere?cid=search_datasearch& JavaScript=enabled). 
The XQE provides a simple and easy way to expose all types of data and other services to 
external entities. PSICAT will utilize CHRONOS’s data services to query and retrieve data 
from the various databases in the CHRONOS System. It will make use of the computing ser-
vices provided by CHRONOS to perform complex analysis and plotting of data. Furthermore, 
the data generated by PSICAT during the building of stratigraphic columns will be uploaded 
into the CHRONOS System using its storage services. This creates a situation of ever-evolving 
stratigraphic column diagrams. Because they are stored in the CHRONOS System, they can be 
retrieved anytime by anyone. And as more data become available, they can be plotted and ana-
lyzed with respect to the stratigraphic columns. The PSICAT tool is being initially developed for 
use by the ANDRILL project (http://www.andrill.org/) on their upcoming drilling expedition in 
Antarctica, but will also be available to the general community. After the initial testing with AN-
DRILL, we will expand PSICAT to contain a wider array of features and allow access to all the 
data stored and federated in the CHRONOS System. 
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UI PALEONTOLOGY REPOSITORY REORGANIZATION PROJECT: IMPROVING 
STANDARDS IN COLLECTION CARE AND ACCESS
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Abstract - In 2001, the University of Iowa Paleontology Repository was awarded a 
National Science Foundation grant of $255,149 to reorganize the collections, the first phase of 
a larger project to improve standards of curation and computer documentation. This first phase 
focused on (1) a complete evaluation of the significance of the collections, (2) curation of several 
special collections and research collections, (3) physical reorganization to maximize storage 
space. 
 Key criteria for evaluating collection significance included site accessibility, quality of 
specimen data, research potential, need for preparation, stability and space requirements. Visiting 
specialists were invited to evaluate under-utilized collections and provide recommendations for 
retention or development, transfer to satellite storage facility, or transfer to teaching and outreach 
collections. Special curation projects included curation of retiring faculty research collections 
(conodonts, Quaternary vertebrates, comparative seed collection), and several special collections: 
the Shimek Collection of Quaternary non-marine mollusks (1878-1936), the Belanski Collection 
of Devonian faunas (1924-1928), and C. C. Nutting’s Caribbean expedition collections (1890-
1922). This latter collection formed the basis of two undergraduate research projects resulting 
in a website and an exhibit. These collections were poorly identified, uncatalogued and, in some 
cases, still in original field wrappings. They were curated and organized and their data quality 
and research potential evaluated. 

Benefits of the project include significantly increased access to, and use of, the collec-
tions, improved storage and preventive conservation measures, and expansion space for faculty 
research collections. A backlog of important curation projects (type material) was cleared. To 
improve access to specimen data, the specimen catalogue database was migrated into SPECIFY 
and made available on the Internet. The project also contributed to training through the employ-
ment of graduate and undergraduate students, encouraged student specimen-based research, and 
provided valuable opportunities for undergraduate Museum Studies interns. 
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DIGITIZING THE SERIES ‘GEOLOGIC ATLAS OF THE UNITED STATES’ (1894-
1945): ACCESS AND PRESERVATION OF OLDER GEOLOGICAL LITERATURE 

USING AN INSTITUTIONAL REPOSITORY
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\Abstract - The US Geological Survey produced a series of map folios between 1894 and 
1945, titled, ‘The Geologic Atlas of the United States.’ Each of the folios includes both topogra-
phic and geologic maps for each quad represented in that folio, as well as text on the geology 
and economic geology. Only 227 folios were produced, so the area covered is very limited. 
Most contained maps at either 1:62,500 or l:125,000 scale. The USGS quad series boundaries 
and quad names are used in the Atlas. Some of the folios covered more than one quad, so over 
300 “quads” are represented by the 227 folios of the Atlas. For many of the areas covered by 
the Atlas, the folios served as the pioneer report for that area and laid the foundation for later 
works. The Atlas was superceded in 1949 by the Geologic Quadrangle Map series. The Texas A 
& M University Libraries own the complete series. This collection was deemed of scientific and 
historic import, worthy of digitization for preservation and improved access. Beginning in 2001, 
items were scanned at 300 dpi using a flatbed scanner. The library installed Dspace (http://www.
DSpace.org), an institutional repository system (IR), in 2004. Texas A & M named the local 
instance Tx-Space, (http://txspace.tamu.edu). DSpace is an open-source digital repository system 
originally developed by MIT and Hewlett-Packard. The purpose of this system is to promote 
the development of scholarly digital collections and to preserve these collections for long-term 
access. 

After digitization, a spreadsheet was created containing the descriptive metadata for each 
folio. A Dublin Core application profile was developed for the descriptive metadata. A unique 
identifier field linked each descriptive record to the corresponding page images. The files and 
metadata have recently been loaded into TxSpace and are archived as the “Geologic Atlas of 
the United States” collection. It is currently searchable through TxSpace’s native interface. We 
anticipate broader access through scholar portals, such as Google Scholar and Thompson ISI’s 
Current Web Contents. 

The original goal of the project was to increase public access to the folios via the 
web. We will monitor the collection use over time. We are now more aware of the need for 
collaboration, standardization, and a central registry to coordinate digitization projects. 
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Abstract - In our department, faculty and the department library liaison work together 
to build students’ information literacy skills through assignments that give students repeated op-
portunities to develop these skills in a geoscience context. 
 Geology majors need to be able to effectively search the literature, evaluate the 
relevance, quality, and availability of resources, and analyze and synthesize material from 
various sources. Faculty design assignments that require students to search, evaluate, and use 
appropriate resources; they also review student search results in individual meetings or through 
written comments. The library liaison prepares web-pages with links to course-appropriate 
resources, conducts class sessions on resources and searching techniques, and offers individual 
consultations. Our experience reveals that while some students are proficient at searching, 
some struggle to identify possible search terms, may quickly declare a lack of references, are 
generally unfamiliar with GeoRef, rely heavily on online rather than print sources, have trouble 
distinguishing between scholarly and popular sources or between articles and abstracts, may 
not carefully evaluate the relevance of their results for the assignment, and may not know when 
they have done enough. Poster or paper assignments in lower-level courses require students 
to conduct searches using our library’s on-line catalog, GeoRef and other databases, and the 
world wide web. Majors further develop their information literacy skills through library-
based assignments in upper-level courses and their independent senior research. Our evolving 
collaboration is built on faculty willing to adapt assignments based on student performance, 
a department library liaison, and a library liaison training and support program hosted by the 
main library. Our experiences suggest that individual assistance from instructors and librarians 
is critical in developing students’ search strategies and skills, observations and reflective pa-
pers provide insight into students’ search strategies, geoscientist-library collaborations are 
valuable, and repeated opportunities for searching should be built systematically into the geology 
curriculum to develop proficiency as described by the Association of College and Research Libra-
ries (ACRL) standards. 
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DIGITAL GEOSCIENCE RESOURCES: COLLABORATIVE COLLECTION AND 
DISSEMINATION

Janet B. Dixon
University Libraries
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jbdixon@uark.edu

Abstract - In this age of complex information sources and technologies, colleagues are 
working together to collect and disseminate geoscience information in digital formats. At the 
University of Arkansas (UA), faculty in the Geosciences Department, Center for Advanced 
Spatial Technologies (CAST), and University Libraries have created numerous web-based 
resources, collaborative projects that have involved students and staff on campus and in 
governmental agencies throughout the state. Collaboration requires a pervasive, long-term 
relationship in which colleagues recognize common goals, undertake extensive planning and 
implementation, and share benefits. 
 Various collaborative projects since the mid-1990s have resulted in digital geospatial 
resources that include geoscience data. CAST developed the first comprehensive statewide 
online geospatial digital data warehouse and delivery system – GeoStor – which provides data 
for download and use with geographic information systems (GIS) software. Supported by the 
Arkansas Geographic Information Office, it represents a cooperative collection of over 600 
thematic layers, including hydrology, geology, soils, and imagery data, contributed by local, 
regional, state, and federal agencies as well as UA researchers. Starting the Hunt, developed 
initially by colleagues at CAST and now maintained by the UA Libraries, offers a guide to online 
U.S. geospatial data including links to numerous state geological surveys. Coordinated by the 
local regional planning commission with many funding sources including the UA Libraries, 
a recent collaborative project resulted in a set of one-foot resolution orthorectified aerial 
photography. With Web access as developed by CAST, the imagery can be examined through 
an imagery viewer or downloaded through GeoStor, and is useful for geologic applications. 
Currently the Geosciences Department, CAST and UA Libraries are conducting a collaborative 
grant-supported project to digitize and provide Web access for a historic collection of imagery 
used for geologic analysis. All these digital geoscience resources are disseminated through the 
UA Libraries’ GIS and Maps Web page. 
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AKGEOLOGY.INFO: AN ONLINE PORTAL FOR GEOLOGIC AND MINERAL 
RESOURCES INFORMATION
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Abstract - The website AKGeology.info is an online portal for geologic and minerals 
resources information for Alaska, bringing together data from multiple State and Federal agen-
cies. It is the culmination of the federally funded Minerals Data and Information Rescue in 
Alaska (MDIRA). The MDIRA program was a five-year program funded through the U.S 
Bureau of Land Management (BLM) and the U.S. Geological Survey (USGS) to recover 
and renew legacy publications, data, and geologic material archives and develop information 
delivery systems so that geologic and mineral resource information is constantly maintained 
and updated. The recovered information, including mining claim status, mineral localities, 
geochemistry, geologic maps, and publications is delivered through links and search utilities on 
the AKGeology.info portal. 
 Most publicly available Alaskan minerals information is contained in publications by 
the BLM, USGS, U.S. Bureau of Mines, and Alaska Division of Geological & Geophysical 
Surveys (DGGS). Legacy publications are being scanned and indexed through an Interagency 
Bibliography database. Newer publications are frequently published directly to the web. 
The Interagency Bibliography includes a search engine that leads users directly to agency 
publications that are available on the web. By the time the MDIRA projects are completed all 
USGS, BLM, USBM, and DGGS Alaska publications will be available on the internet. Alaska 
Master’s and PhD Geology and Mining theses will also be listed in the bibliography. 
 Within the next two years, individual datasets will be searchable and viewable through 
simple internet mapping interfaces, integrating displays of geochemical sample locations, 
mineral localities, geologic map outlines, and mining claim locations. 
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THE CORELOGGER PROGRAM: A STANDARDIZED DIGITAL METHOD FOR 
LOGGING CORE DRILLED AT THE IDAHO NATIONAL LABORATORY
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Abstract - The Idaho National Laboratory (INL) occupies 890 square miles on the eastern 
Snake River Plain (ESRP) of Idaho and overlies the Snake River Plain aquifer. The Snake 
River Plain aquifer is the sole source of water at the INL and is an important source of water 
for neighboring farms and communities. The U. S. Geological Survey (USGS) has studied the 
geology and hydrology of the ESRP at the INL since 1949. More than 88,000 feet of core drilled 
from the ESRP at the INL have been collected and archived at the Lithologic Core Storage 
Library (CSL), operated by the USGS INL Project Office in cooperation with the Department of 
Energy. 
 In 2003, the USGS INL Project Office developed a standardized digital method for 
logging core drilled at the INL so that consistent descriptions and photographs of selected core 
could be made available on the World Wide Web. This method, now called the “Corelogger 
Program,” was designed to be a cost-effective way to collect and disseminate data about core 
stored at the CSL and to help preserve a record of core before possible loss or consumption 
during analysis. The program also was designed to be implemented by senior or graduate 
geology students. 
 The Corelogger Program is in its third season of data collection and has been used by 
three different students. Interns log and photograph core using commercially available logging 
and photo-processing software. Interns then enter descriptions using a set format, which limits 
interpretation, and record lithologic and sedimentary information in symbolic or numeric form.   
 The Corelogger Program has produced consistent core descriptions and photographs 
suitable for download from the World Wide Web. Increased availability of information about the 
core stored at the CSL would allow researchers to decide which cores would best suit their needs, 
save time and money both for researchers and CSL staff, and preserve core for future research. 
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Abstract - The Utah Core Research Center (UCRC) offers students, educators

and other researchers access to Utah’s most comprehensive collection of geological specimens 
for thesis and academic research, workshops, and classroom studies. The UCRC collection is 
ideally suited to supply data for projects including facies, diagenetic, source-rock and biomarker 
studies, and oil and gas reservoir characterization investigations. 

UCRC holdings include subsurface samples from more then 3,500 wells, core from more 
then 700 wells, samples from major tar sand and oil shale deposits, and type oils from all the 
producing formations in the state. The UCRC collection also contains representative samples 
from Utah’s coal mines, metallic mineral deposits, industrial rocks and minerals, geothermal 
wells, and surface stratigraphic sections. Sediment and brine samples from Great Salt Lake are 
also available for study. 

The UCRC is fortunate to have stratigraphic research core collections ideally suited for 
workshop and classroom studies. Highlights include the remarkably detailed fluvial-dominated 
deltaic sands of the Cretaceous Ferron Sandstone of east-central Utah and the shallow-shelf 
carbonates of the Pennsylvanian Paradox Formation of southeastern Utah. 

The UCRC has upgraded and replaced scientific equipment to provide technical support 
for research activities using the geologic collection. Workstations supply high-resolution digital 
and film-based sample imaging, and petrographic and binocular microscopes. Core slabbing, 
core plugging, sample crushing, sifting, and preparation equipment are also available. Analytical 
data, geophysical logs, and reports by donors may also be available. Destructive testing is 
allowed with restrictions and advanced permission. 
 The UCRC is organized to quickly adapt to a variety of client needs such as workshops, 
classrooms, large-scale sampling, digital imaging, and other research programs. 
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Abstract - This study reviews the regulatory guides of geological investigations applied 
to NPP (nuclear power plant) siting in U.S.A., Japan, China and IAEA (International Atomic 
Energy Agency), and recommends possible regulatory guides to the investigation ranges and 
depths for NPP siting. Based on the review and analysis of the regulatory guides, the geological 
investigation can be categorized into four levels ‘regional’, ‘near regional’, ‘site vicinity’ and 
‘the site’, based on distance from the site and the investigation degree of the detail. ‘Regional’ 
level of investigation (within a radius of about 150km from the reactor) is expected to define 
tectonic provinces and environments around the site region. This level of investigation should 
define all the regional tectonic structures and prospective seismogenic sources that might have 
an effect on the safety of the projected NPP. Regarding the distance of the investigation from 
the site, it is noteworthy to consider ‘how far’ is reasonably far enough to detect all the possible 
seismogenic sources that could generate a considerable vibratory ground motion to the projected 
NPP sites. ‘Near regional’ level of investigation (within a radius of about 40km from the reactor) 
is to verify all the details of regional geological aspects of the region. Size of the area for the 
investigation should be large enough to define all geological and structural units that may include 
or be related to the site in space or time. ‘Site vicinity’ level of investigation (within a radius of 
about 5km from the reactor) is to ‘scan’ any possible sources of permanent surface deformation 
at the site and define their distributions and characteristics in 3-D. This level of investigation 
should involve a more detailed survey than information or results obtained by regional and near 
regional investigations and include equally-spaced drilling operations, trench works and geo-
physical explorations. ‘The site’ level of investigation (within a radius of about 1km from the 
reactor) is to assure that the foundation of the site is sound and acceptable for NPP facilities. This 
level of investigation should provide engineering information of the foundation, and sufficient 
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data to verify clearly that reactor and safety-related structures should not be constructed on the 
capable fault. 
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Abstract - The aim of this study is to provide a geological DB system for active 
fault analyses using geological information and a processing program for domestic NPP site 
evaluation. It is focused on developing an effective system based on both fields of geology and 
computer science. In this work, we developed a DB program, based on MapObject provided 
by ESRI and Spread 3.5 OCX and coded with Visual Basic language. Major functions of the 
systematic database program includes functions of DB-organizer and presentation dealing with 
vector and raster format topographic maps, database design and application, geological symbol 
plot, the database search for the plotted geological symbol, and so on. The DB program can be 
used not only for the evaluation of active faults, but for the various fields such as design and plan 
of constructions, resource probes, and the research for the underground water and environment. 
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