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Preservolion Slrotegies for
Geoscience Liferolure:
New Technologies for on
Old Literolure

liso A. Wishord ond Lindo R. Musser

In this article u:e describe the compler nature and history of the literature of
the geosciences. We eaaluate preseraation technologies applicable to the for-
m"ats founil in the literature, such as ouersize, color, and folded maps and
plates. Technologies profiledinclude deacidification, encapsulation, storage
options, and farsimile creation including xerographic, photogrophic, film,
and digital reproduction. We present applications of the technologies and
discuss suggestionsfor ileoelopingpresentationprioritiesfortheliterature.

ILesearchers in the geosciences use a
wide variety of info;mation sources.
While many of these sources are tradi-
tional library materials such as journal
articles, books, and conference proceed-
ings, geoscientists rely heavily on maps,
technical reports, photographs, theses,
and dissertations. Consequently, geosci-
ence literature contains complex formats,
often combined in a single volume. The
frequent presence offoldid pages, plates,
oversize maps, and illustrations-many in
color- makes qeoscience materials diffi-
cult to pr".u*Z using traditional meth-
ods. An additional challenge is the value
and heavy use of older material in the
geosciences. The age of material used in
this field ls frequently older than in many
other fields of scientific research, with
materials more than one hundred years
old still routinely in use. The complexity

offormats found in the geosciences corre-
spond to the literature of other disci-
plines, such as art, architecture, and engi-
neering that also frequently use oversiie,
color illustrations (Commission on Pres-
ervation and Access 1992).

In addition to print resources, geo-
scientists also derive essential information
from materials such as geologic specimens,
drill cores, welllogs, and &gital data. North
American geoscientists, recogrizing the
value of these original specimens, have be-
grrn an initiative under the auspices ofthe
American Geological Institute to presewe
these materials through the National
Geoscience Data Repository (American
Geological Institute 1998). Similar iniua-
tives to preserve geologic specimens are un-
derway in other muntries as well.

Unfortunately, preservation of the tra-
ditional print records of geoscience
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knowledee has not received the same at-
tention fiom the library community. In
the U.S., national libraries such as the Na-
tional Agricultural Library in agricultural
sciences and the National Library of
Medicine in the medical sciences have
taken the lead in preserving the literature
of severalscientificfields. The U.S. has no
national library devoted to the geo-
sciences, however, and the U.S. Geoloqi-
cal Survey Library, viewed by many as the
de facto national geosciences library, has
no established 

-preservation 
program

(Wishard 1999; Klimley 1984).
In this paper, we will look at the physi-

cal characteristics of geological Iiterature,
review past practices in preserving the
geological literature, and examine ad-
vances in preservation technologies that
are being applied to geoscience materials
today. We will also profile several preser-
vation projects in the geosciences and, fi-
nally, discuss the preservation initiatives
of the Geoscience Information SocieW.

DEVELoPMENT oF GEosctENcE
LITERATURE IN NoRTH AMERIcA

Prior to 1823, geological research in the
Americas appeared primarily in journal
articles and monographs. In 1823, the
first geological survey was conducted in
North Carolina. Over the next 77 vears.
nearly 40 states, territories, and provinces
followed suit so that. by the end of the
century the state and piovincial geologi-
cal survey had become a permanent part
of many local governments. The 1800s
saw increases in the amount ofqeoscience
publications-not only in serials but also
in the reports and volumes published by
geological surveys (Stoffer 1988; Hazen
1980; Meadows 1974). By the 1850s,
there were more than 50,000 pages pub-
lished in the geoscience literature, pri-
marily in serial publications (Menard
1971). During the next century however,
there was even greater growth in the
number of publications in the field, with
more than one million pages in print by
1950 (Menard 1971). Signiftcantly, the
majority of the publications published
during this period were geologic sun/eys,
which by the mid-nineteenth century out-

numbered serial publications (Menard
r97r).

The primary purpose that geologists
had in the early period was to promote
economic development through identiff-
cation of useful mineral deposits. Much
of their work remains relevant today and
is routinely used by practicing geologists
and engineers. Additionally, these early
publications contain information on the
growth and commerce of towns and cit-
ies, development of industries, details of
Native American life and of other resi-

gists, and others.
These early publications contain a va-

riety of formats-text, maps (both color
and black and white), photographs, and
color illustrations. Scott (1993, 83) stated
that geology was "one ofthe earliest sci-
ences to employ color to encode informa-
tion. Text cannot adequately describe, for
example, the detailed and often complex
subsurface relationships of stratigraphic
formations without complementary illus-
trations." Klimley (1984) considered the
heavily and variously illustrated geological
publications ofthe nineteenth and twenti-
eth century to be a worst-case scenario for
application of preservation techniques. In
addition. beween 1850 and 1950-the era
of highly acidic paper use-there was huge
growth in the number of geological sci-
ence publications. This is readily apparent
upon examination of many of these docu-
ments, which exhibit the telltale signs of
acidic paper-brittle, yellowing pages.
Thus we have the current situation, in
which early geosciences literature is in-
creasingly us6ful to a broad range ofusers
while the material itself is increasingly
fragile and difficult to presewe.

Iltstomc Gnoscrnucn LTTERATURE
PRnsrnvrttoN TEcHNreuEs

To date, traditional preservation tech-
niques have been applied to geoscience
literature with some success. For exam-
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ple, the collection of Sir William Logan,
first director of the Geological Survey of
Canada, received treatment on a volume-
by-volume basis using deacidification and
encapsulation in the collections of the
Geological Survey of Canada (Kamel
1998). In many libraries, deteriorating
materials have been rebound or placed in
storage boxes. In other cases, folded maps
have"been unfolded and stored flat in at-
tempts to reduce wear and breakage
along fold lines.

Micro{ilming has been used as a preser-
vation technique since the mid-1800s (Lu-
ther 1959), but difliculties related to use of
color and the ability to film oversize images
is still considered problematic for the
geosciences. Most geoscience publications
[hat have been mi*crofilmed t^o date harre
been captured in black and white, resulting
inthe loss ofthe full integrityof manyofthe
images. Examples of collections preserved
in this way include the UMI collection of
dissertations, theses, and miscellaneous
geoscience serials, the American Natural
History 1769-1865 microform set by Pri-
mary Source Media, and the Landmarks of
Science series by Newsbank. The lack of
color in this preservation process is ex-
tremely serious as most geologic maps use
color to differentiate geologic formations
from the underlying letaili of the base
map. Scott's (1993) evaluationof UCI-Age-
ology thesis and &ssertations found that
52Vo of the maps andplates evaluatedwere
in color and used color to encode informa-
tion. Additionally, in these collections,
oversize maps were generally microlilmed
in pieces so that only portions of the map
can be viewed at a time, thus obliterating
the overall characteristics or trends de]
picted inthe original piece (Klimley 1984).

The preservation efforts undertaken
thus far have affected onlv a tinv fraction
of the geological literatuie requiring at-
tention. Therefore. while there have been
notable efforts to date, the bulk ofpreser-
vation work of the geological literature
lies ahead.

CunnnNt PnnsnnvetroN STRATEGIEs

The advent of improved technologies for
color copying and new digitizing technol-

ogies provides methods for the reformat-
ting and replacement of color and large
size maps and illustrations. These, in con-
junction with well-established preserva-
tion technologies such as deacidification
and encapsulation, provide librarians
with a wide range of tools necessary to
preserve the geological literature. We will
describe each of these technologies in
reference to its use in preserving the geo-
loqical literature. First, we will describe
mEthods that focus on the preservation of
the original document. Then we will dis-
cuss methods that preserve the content of
the document.

Drectptrrc.tttox

Paper that is safely buffered and housed in
a proper environment can last hundreds of
years. The goal in deacidiftcation is to ab-
sorb or redice the aci&c levels in existing
paper publications to permit a longer shelf
life. The process halts further acid damage
but does not repair or improve the extant
condition ofthe item. Deacidilication does
not remove the acid from the paper, nor
does it strengthen brittle paper. In the pro-
cess, the acid in the paper is chemically
neutralized, which provides a chemical re-
serve that serves as a buffer for the paper Ii-
bers against future acid attacks. Deacidifi-
cation-can be a viable volume-by-volume
treatment alternative for geoscience mate-
rial.

Mass deacidification is the process by
which batches of volumes are treated in a
large treatment chamber. Several methods
have been developed. In one ofthe more
commonly used processes, volumes are im-
mersedin abath ofalkaline submicron mag-
nesium oxide particles for approximately 25
minutes. While in the bath. the volumes are
agitated to increase contact of the pages
with the maqnesium oxide. Volumes are
then dried in an evaporator chamber for sev-
eral hours (Domach 1997; Dalrymple 1997).
The use ofmass deacidification has notbeen
widely applied due to the perceived com-
plexity of treating the multiformat geologi-
cal literature.

In severalpilot applications to geologi-
cal collections, however, researchers sug-
gest that mass deacidiftcation is a viable
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preservation option for this literature.
Wick (1993) evaluated a 1992 mass
deacidification process applied to sepa-
rate maps, theses, and serial volumes with
folded maps from the Harvard Kummel
Geological Sciences Library collection
andiudged it to be satisfactory, with most
volumes being successfully treated. Wick
noted that thEre were some instances of
color shifting on photographic plates and
on folded maps within serial volumes, al-
though colored plates and flat maps (in-
cluding those that were hand colored) ex-
hibited no shifts in color and were judged
satisfactory. Gaydos (1998) found that
during a recent trial at Pennsylvania State
Universiw. deacidification was success-
fully applied to volumes of clay-coated pa-
per. Treated volumes were found to have
an acceptable level of alkaline reseryes. In
a test ofthe volumes, Preservation Tech-
nologies, L.P., found alkaline reserves of
L.9Vo, in comparison with reserves of
0.67o found on similarly treated books
from the Librarv ofCongress.

The mass deacidificat-ion process pro-
vides a tool by which collections can be
preserved in large quantities. Extra delib-
eration should still be applied, however,
when brittle volumes with folded and
photographic plates-items prevalent in
collections of geologic mafsdal-ars 5s-
lected for mass deaci&fication. It should
also be noted that acidic paper, even after
deacidification. will be weaker than
nonacidic paper and might require care-
ful handling or reinforcement, such as
binding or encapsulation.

ENcapsulerroN

Encapsulation is a commonly used tech-
nique to preserye sheet materials such as
maps and illustrations. The sheet is placed
between two pieces of polyester mylar.
The edges are then sealed with an ultra-
sonic weld or with acid-free, double-
sided tape. Gaps are left in the corners of
the seal so that the piece can breathe. The
static charge between the two sheets of
mylar keeps the piece stationary and will
actually hold together items that are in
multiple pieces. Caution should be used
when encapsulating hand-colored items,

however, because "particles ofcolor can
be removed by the electrostatic charge
which is created between the two sheets
of mylar" (Scott 1993, 84). Mylar is an in-
ert, inflammable material that has been

ease. Encapsulation is used to preserve
both acidic and acid-free print materials.
In some cases, for single-sided materials,
a buffered alkaline paper backing can be
inserted behind the piece in order to ab-
sorb some of the acid from the encapsu-
Iated item.

Encapsulation is one of the primary
methods recommended for preservation
of maps and oversize plates in their origi-
nal form. Maps and plates that have been
folded in a text block must be unfolded
prior to encapsulation. Once encapsu-
iated, maps shbuld not be folded oi re-
folded. Encapsulation is a very effective
method for preserving an original, though
it can limit the use of a piece. For in-
stance, once a map is encapsulated it
becomes quite cumbersome to take into
the field for active use-a common prac-
tice in the geosciences. In addition, en-
capsulation can also create problems
when encapsulated items are separated
from their explanatory and other accom-
panying materials.- 

Encapsulation has been used in many
collections. Allen (1990) describes the
NewYork Historic Map Preservation Pro-

encapsulated. Newman (1987; 1998) out-
lines how thesis and dissertation maps are
cleaned and encapsulated at the
DelaMare Library of the University of
Nevada, Reno. In an example ofencapsu-
lation and binding, staff at Pennsylvania
State University Libraries deacidified,
encapsulated, and post-bound 29 vol-
umei related to Pennsvlvania from the
Geologic Atlas of the United States
(Wishard 1999).
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ENvlnoNIr,tSNTAL AND Sronecn OptIoNs

The physical environment in which a
piece is stored can also affect its longevity.
Often out ofthe direct control offacilities
manaqers, and not seen as glamorous to
discui (Wick 1991), collecti6ns are often
imperiled by their very surroundings-by
leaking labi, temperature and tr"Imiaity
fluctuations, etc. In addition to protecting
against the physical climate ofcollections,
storage of items in acid-free housings
such as phase boxes and folders can help
to diminish the cumulative deterioration
of acidic paper. Certainly, properly sized
shelving and map cases are important to
ensure the longevity of materials. Archi-
val storage of less frequently used and
unique materials in a climate controlled
facilitycan also help to preserve material.

Fecsrulln CnBerroN

The creation of facsimiles is a time-
honored method for preserving the intel-
lectual content of puElications]Facsimile
production is necessary to maintain ac-
cess to information that might be stored
in an inaccessible original m-edium. Until
recent years, the priirary methods avail-
able foi facsimile ireation were black and
white photocopy reproductions or repro-
ductions from monochromatic film. Pho-

nologies-which preserve extant volumes
of varied mediums such as text, maps, and
images-allow researchers to work with
the full intellectual content of a piece as
well as see the context of the miterial in
its original format (Klimley 1984 and
1995; Gertz 1996).

Xenocnapurc nND PHorocRApHrc Fecsnrtlrs
Xerographic reproduction has been used
successfully for many years to create fac-
similes. Baird (1997) described Proiect
Brittle, an example of a cooperative eltort
to use preservation photocopy technology
to replace wom original material. The only
limitation of this technique has been the in-

ability to reproduce color. Colorphotocopy
technolory has advanced in recent years,
however, such that inexpensive reproduc-
tions of standard-sized color pieces can be
successfully produced that can allow the
possibility of piecing together oversize
items (Newman 1998; 1989).

Photographic facsimiles are extremely
effective for reproducing details and col-
ors of original documents, especially in
oversize images. This technique's primary
drawback is its expense. While a photo-
graphic negative can be created at a rea-
sonable cost, a print of an oversize image
can be quite expensive.

Fllu Facstulurs
Microfilm remains the primary archival
medium for text-based riaterials. Micro-
ftlm stored in ideal conditions can survive
for haH a millennium or more and would
still be accessible with only candlelight and
good eyesight, comparedio the shdrt use-
able life span ofonly 5 to 10 years for digi-
tally stored materials (Conway 1996).
However, producing high quality film im-
ages of oversize material stillposes difficul-
ties. If a large image can be captured in a
single frame, the ffne details such as roads,
place names, and legends are often unread-
able. Similarly, images sectioned onto sev-
eral frames are often deemed unusable
(Gertz 1996). The use of color in micro-
ftlming has, however, been successfully ad-
dressed (Klimley 1993; Newman 1989),
despite the fact that capturing oversize im-
ages on single frames still proves problem-
atic. Color microfflm technologr has been
successfully applied to color oversize im-
ages at Columbia University as part of the
New York State Bulletin proiect (Gertz
1997) and at the Hargett Library at the
University of Georgia (Henneberger
1994), where film images were used as a
transition me&um for creating digital cop-
ies of oversize images.

Drcnal F,rcsIuIles
Developments in digital reproduction
technologies have broadened facsimile
creation options. Today, digital cameras
and scanners allowthe full integrityofthe
geologic original, including color, to be
reproduced. The digital images can then
be printed with color printers, plotters,
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and photocopiers with nearly indiscern-
ible differences in color from the original.
In fact, the Commission on Preservition
and Access (1992, 12) stated that there
are "striking examples of visual material
that has been digitized and subsequently
reproduced in paper copy, sometimes
clearer and more legible than the original
document from w[ich the digital iopy
was made."

The ability to produce digital facsimi-
les has increased the options for preserv-
ing the oversize media prevalent in the
geological literature. These develop-
ments allow librarians to make preserva-
tion decisions based on the condition and
content of material ratherthan bythe lim-
itations of traditional preservation op-
tions (Gertz 1996). These new digital op-
tions are especiallv relevant in relation to
geologic maps and other oversize plates
that have used color to encode the com-
plex information that they depict.

Digital copies of materials can be
stored as bitmapped images on avariety of
magnetic and optical storage devices such
as diskette, tape, or CD-ROM. Contem-
porary color technologies are well suited
for reproducing geologic images on screen
as well as in print. Digital reproductions of
geologic images are viable at much lower
resolutions than in many other fields
(Gertz 1996: Commission on Preservation
and Access 1992) because there typically
only needs to be a discernible difference
in color rather than reproduction of the
ffne color details. Satisfictory results have
been achieved on pilot projects at Penn-
svlvania State Universiw and other institu-
tions (Allen 1998) usinq 24-bit true-color
matching at 300 dots pei inch (dpi) resolu-
tion as well as with 256 no-color matching
at the same resolution. Gertz (1996; 1997)
and Klimley (1993) examined the quality
of digital images of the Neus York State
Museum Bulletin and found acceptable
resolutions at less than 300 dpi for oversize
images. Allen (1998) proffGd additional
digital projects that suggest similar re-
sults, though he stated, "These efforts
. . . have as yet led to no consensus as to

whether it is really necessary to scan mas-
ter images at a higher resolution than 300
dpi in 24-bit color; and no agreed upon

minimum resolution for such archival im-
ages appears to be emerging."

Geological material has been digitally
reproduced with a variety of techniques
at different institutions. Heiser (1998) re-
ported on a project at Indiana University
in which earlv survev material for the
state was scanned andstored as text files.
Trombatore (1998) described a project in
which documents at the University of
Texas were scanned and stored as digital
images of the actual page. At Washinfton
University, a 1928 thesis was digitally re-
produced by rekeying the text and scan-
ning the images (Mcl-eod 1998). Digital
reproduction ofoversize images has been
explored at the Library of Congress
(Fitzpatrick 1997), the United States
Geological Survey (U.S. Geological Sur-
vey 1998), and the Virginia Board ofPub-
lic Works (Library of Virginia 1998),
among others.

Preserving material in a digital format
is an attractive option because the cap-
tured image can be made accessible to a
wider audience. However, the need of
geoscientists to be able to take the mate-
iial into the field can not be forgotten, so
mechanisms for delivery of hard copy re-
productions should be incorporated into
anyprogram to digitallypreserve geologic
material. In addition, the longevity issues
raised by Conway (1996) remain prob-
lematic, as does the repeated and system-
atic refreshinq (Commission on Preserva-
tion and Accels 1992) that this transitory
nature requires. The challenge of pre-
serving information in electronic format
cannot be overlooked. While digital tech-
nologies offer exciting new options for
preservation, they pose new challenges
for long-term retention and storage. Dis-
cussion of these challenges fall beyond
the scope ofthis paper, however, and are
covered well elsewhere in the literature
(Allen 1998; Conway 1996; Klimley 1995;
Rothenberg 1999).

Pnronrrrrs FoR PREsERvarron

Many of the projects profiled here are pi-
oneering in scope and focus and in the use
and development of new preservation
methods. This work raises awareness of
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the needs of preservation for the varied
formats of information found within the
geoscience field. In many of these pro-
jects, the accessibility and breadth of
preservation techniques available to col-
lection managers has also been demon-
strated

Such experiments in using these new
technologies bode well for the future
preservatlon of the geological literature.
Indeed, one of the primary challenges
facing geoscience librarians is not only to
become educated regarding these tech-
nologies but also ti rais"e awareness
among their colleagues and the producers
of the information that it is, at long last,
possible to preserve this literatureln all
if5 f2qs15-s6lor, oversize, plates, etc.

In order to facilitate this process, the
Preservation Committee of the Geo-
science Information Societv (GIS) (1997)
summarized the challengei of preserving
this literature and called for the develop-
ment of a systematic international initia-
tive to preserve the geoscience literature.

DeFelice (1990) surveyed 107 librari-
ans and found thatsl%o ofihe respondents
indicated a willingness to particfoate in a
cooperative preservation project. Wishard
(1999) surveyed librarians at 489 libraries
and found that less than half of the re-
spondents had active preservation pro-
grams, and even fewer had preservation
officers at their institutions. DeFelice
found that there was no overall consensus
on the question of the type of material
that would need or will need preservation
the most. ]ournals and folded maps were
ranked highest, followed closely bybooks,
flat maps, U.S. Geological Survey docu-
ments and theses, and thesis maps. Wick
(1991) found that more than 707o ofthe
respondents indicated some geographic
designation-such as regionally, by coun-
try or state-to define how they choose
candidates for preservation. Wishard
(1999) found that when respondents
were asked to identify geoscience litera-
ture most at risk and in need ofpreserva-
tion treatment, they ranked historic geo-
logic maps as the highest priority for
preservation treatment, followed by
pre-1900 material. When asked to iden-
iify a focus for a preservation plan, most

respondents indicated a preference for a
geographic emphasis

The continuing activities of the GIS
Preservation Committee include coordi-
nating preservation projects and acting as
a clearinghouse that documents projects
where geoscience literature has been pre-
served. In addition, the committee hopes
to continue to demonstrate capabilities
and raise awareness regarding the possi-
bilities of preservation technologies for
geoscience material.

CoNcLUsroN

Ultimately, however, the preservation of
the geological literature rests in the hands
of the many librarians around the world
working with this literature as well as those
producing the literature. Publishers need
to develop standards for future geoscience
publications to use preserva- tionally sound
material such as acid-free paper and digital
formats that can be easily migrated, and ap-
ply such basic principles as limiting the size
ofmaps and plates in theses and other pub-
lications (Newman 1998). Simllarly, librari-
ans need to develop priorities for-preserv-
ing the material in their geoscience
collections. Geoscience librarians need to
move beyond the volume-by-volume ap-
proach to preserving their collections and
realize that there are many viable and so-
phisticated means to preserve and consewe
the literature ofthe geosciences. Publishers
and librarians must work together to estab-
lish standards and priorities in order to en-
sure the suwival of the qeoscientiftc litera-
ture for future generati6ns.
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