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INTRODUCTION
Historical and scientific research, interpretation

to the public, and preserving U.S. cultural heritage
for future generations are the primary purposes
for preserving sites, structures, and landscapes.
New technologies can improve the quality and
quantity of research data gathered. They may also
make possible the investigation of lines of evi-
dence that were previously impossible. This chap-
ter presents many of the technologies used for
preservation research and discusses the issues
they raise. For the purposes of analysis, OTA
divided preservation research into the following
steps, which do not necessariIy represent an un-
failing progression:

. discovery (SUrvey, identification);
● documentation (mapping, physical investi-

gations, recording); and
● analysis (evaluation).

Although for the purposes of analysis and dis-
cussion it is possible to separate these research
steps, in practice, they are tightly interconnected.
In order to construct a research plan for a project,
it is necessary to decide prior to conducting field-
work which technologies are to be used. The
choices of technologies in turn depend on the
research hypotheses the investigator wishes to ex-
plore, and on the results of preliminary archival

research. in addition, many of the technologies
employed for discovery are also useful or even
essential for the documentation phase of research.
It is therefore impossible completely to separate
the discussion of the technologies for different
phases.

The following discussion attempts to examine
technologies in the research phase in which they
are most often applied. The enumeration is far
from comprehensive; rather the technologies
have been chosen to illustrate the role of tech-
nology in preservation and are therefore repre-
sentative of a much larger available array.

The research objectives of archaeology and the
study of structures or landscapes are frequently
very similar. Architectural historians and land-
scape architects often depend on archaeological
research in analyzing historic structures or land-
scapes. 1 Archaeology, by the same token, uses
historical research. This chapter focuses on the
various technologies used by all preservation dis-
ciplines. Where necessary, the specific concerns
of each discipline are discussed independently.

‘See, for example, Paul Brace, “Archeological Resources and Land
Development: A Guide to Assess Impact, ” Landscape Architecture
Technica/  /formation 5eries  5, No. 1, September 1984.

TECHNOLOGIES FOR DISCOVERY
The first step in gathering data is to locate cul-

tural resources on the ground, under the ground,
and under water. This section discusses several
technologies (table 5) that are used primarily for
identification and survey, Some, such as the re-
mote sensing technologies, are often applied to
the data-gathering phase of research or evalua-
tion and assessment as well.

Archival Research and Oral Histories

Archival research and interviewing (oral history)
are important first steps in the research process.
Preliminary research, done with care and imagi-
nation, can save time and money as well as pro-
vide a focus for technological field work and a
broad basis for the establishment of significance.

43



44 . Technologies for Prehistoric and Historic Preservation

Table 5.—Representative Technologies for
identification and Survey

Technical areas Technologies

Remote sensing:
Air . . . . . . . . . . . . . .
Space . . . . . . . . . . .
Geobased. . . . . . . .

Marine . . . . . . . . . .

Terrestrial
imaging . . . . . . .

Computer technology
and applications . .

Social science
techniques . . . . . . .

Iidar, photography, radar
radar, multispectral sensors
magnetic detection, radar,

seismic, thermography, X-ray,
infrared, gamma-ray inspection

side-scan sonar, magnetometer,
sub-bottom profiler, precision
fathometer, electronic position
finder, remotely operated
vehicles

photography
video
photogrammetry

theoretical modeling and
prediction

acquisition and interpretation of
archival data

management and dissemination
of archival data

mapping
geographic information systems
computer display

oral history and folklore:
tape recording
photography
video

archival documentary research
SOURCE: Office of Technology Assessment.

Developments in archival technology of various
sorts can make the records search more efficient
and even more cost-effective than it is now (see
Chapter 5: Preservation Information).

The technical questions involved with this type
of historical research specifically concern meth-
ods of access to information in the institutions
which house it, and ways of arranging data to
make it usable for preliminary analysis and de-
velopment of a research plan. Interviewing de-
pends on the technologies for tape recording and
archiving electronic storage media if oral history
materials are to be retained.

Remote Sensing (Space, Aerial, and
Geophysical Methods)

Remote sensing, as with most other technol-
ogies used in preservation, originated in other
fields and is being adapted and molded to fit pres-
ervation requirements. The detail provided in this

section illustrates the roles played by the natural
sciences and engineering in providing technol-
ogies useful for preservation. Other technology
discussions provide much less detail.

Remote sensing2 from aircraft and from space,
and other types of remote sensing techniques (ta-
ble 6), such as ground-penetrating radar, hold
great promise for the future of archaeology and
the study of historic landscapes, because they are
nondestructive and capable of analyzing vast
areas quickly and accurately. Such techniques are
less useful in the identification and survey of his-
toric structures. Photogrammetry, which can be
thought of as another form of remote sensing, has
found greater utility for surveying historic struc-
tures, and is also used for archaeology and his-
toric landscapes (discussed below),

Remote sensing technologies can aid substan-
tially in recording accurately the positions of ar-
chaeological sites, and analyzing them within an
environmental context. J They can also help in
evaluating sites. They are useful both in predic-
tive location modeling, and in onsite exploration
in lieu of extensive testing. Remote sensing tech-
niques employing aircraft and spacecraft have
also been applied to the study of prehistoric and
historic Landscapes.d

Remote Sensing From Aircraft and
Spacecraft

Intrigued by the special perspective that bal-
loons gave them, photographers began experi-
menting with aerial photography in the last cen-

--———
Zln general terms, remote  sensing is the art of obtaining informa-

tion about objects, areas, or phenomena through analyzing data
gathered by devices placed at a distance from the subjects of study.
Remote sensing may refer to sensing over short distances, as in med-
ical or laboratory research applications using Iasem, or over long
distances as in environmental monitoring from spacecraft using ad-
vanced electro-optical  instruments. Once the initial data are sensed,
they must be analyzed and interpreted either visually or through
sophisticated computer analysis.

3See, for example, Remote Sensing: A Handbook for Archaeolo-
gists and Cultural Resource Managers, Contribution No. 4 of the
Chaco Center, National Park Service and University of New Mex-
ico, 1977. Also, Thomas R. Lyons and James 1. Ebert (eds.  ), “Re-
mote Sensing and Nondestructive Archeology,” National Park Serv-
ice Remote Sensing Division, 1978.

4Carole  L. Crumley, “Archaeological Reconnaissance at Mont
Dardon, France,” Archaeology, May-June 1983, pp. 14-17, 20; and
Scott L.H.  Madry, “Remote Sensing in Archaeology,” Archaeol-
ogy, May-June 1983, pp. 1819.
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Table 6.—Remote Sensing Instrumentsa

Type of Instrument Comments

Spacecraft:
Multispectral scanner . .

Thematic Mapper . . . . . .

Shuttle Imaging
Radar b . . . . . . . . . . . . .

SPOT . . . . . . . . . . . . . . . .

U.S. Landsat (resolution 80
meters; 3 spectral bands)

U.S. Landsat (resolution 30
meters; 7 spectral bands)

Carried on Shuttle
French SPOT (resolution 20

meters in 3 spectral bands;
10 meters in B&W)

Aircraft:
Photographic camera
Multispectral scanner
Thermal infrared

mapper
Geophysical techniques:
Proton magnetometer
Soil conductivity meter
Soil resistivity meter
Ground-penetrating

radar
Metal detectors
Terrestr ia l  photogrammetry:
Precision camera
Stereo comparator
Stereo analog plotter Needs precision cameras
Stereo analytical plotter Uses digital techniques and a

computer
asee  Robert  Colwell,  editor-in-chief, Manua/  of Remote Sensing (Falls Church,

VA: American  Society of Photogrammetry,  1983)
bcharles Elach!,  JoBea  Cimlno,  and M. Settle, “Overview of the Shuttle lma9in9

Radar.B  Prel!mlnary  Results, ” Sc/ence  232 (1966), pp 1511-1516

SOURCE: Office of Technology Assessment

tury. They continued their experimentation from
aircraft soon after the first airplane was flown.
Aerial photography has since become an impor-
tant part of soil conservation, flood control, high-
way design, city and county planning, and, of
course, military reconnaissance. The National Ar-
chives and Records Administration, and the Agri-
cultural Stabilization and Conservation Service
of the Department of Agriculture, maintain ex-
tensive collections of aerial photographs of the
United States. USDA field offices may hold the
most current photos for their localities.

The scientific and applications-oriented com-
m unities recognized the potential value of sens-
ing the Earth’s surface from space early in the de-
velopment of the Nation’s space program. Space
remote sensing was an obvious extension of re-
mote sensing from balloons and aircraft. How-
ever, the expense of returning film from space,5

-.—.._—-——
‘The early reconnaissance satellites discharged canisters of film,

which were  then caught  by specially  equipped  aircraft. Such meth-

the need to manipulate data in a computer, and
the desire to sense Earth in a variety of wave-
lengths led to the development of electronic mul-
tispectral scanners that operate in a variety of
colors, or spectral bands (figure 1). The United
States launched its first land remote sensing sat-
ellite in 1972, which carried an experimental
multispectral scanner. Landsat 5, the fifth in the
series of civilian land remote sensing satellite, is
now providing high-quality images of Earth on
a regular basis.b The resulting electronic signals
are transmitted to Earth where they are converted
into data susceptible to computer manipuIation.

For purposes of preservation, the ability of re-
motely sensed data from space to resolve objects
the size of individual sites or structures has been
highly limited in the past.7 However, the SPOT
system recently deployed by the French achieves
ground resolutions of 20 meters (65.6 ft.) in three
spectral bands, and 10 meters (32.8 ft. ) in black
and white. Data of such relatively high spatial
resolution, when processed with other data, such
as those relating to soils and color, will be highly
effective in providing information concerning
preservation. Recent developments in computer
image analysis can improve on the resolution of
such images by at least a factor of 2.8

Of more importance to archaeology, because
of their better ground resolution and ability to
sense in many spectral bands, are multispectral
scanners for aircraft. Originally developed as part
of the testing program for the Landsat satellites,
they have proved extremely successful in aircraft
applications. 9 With them, surface resolutions of
a few feet can be achieved in many different spec-

ods are now being explored for possible civilian use for special
projects, such as crop or forest inspection, requiring high resolu-
tion and quick return of data.

%ee U.S. Congress, Office of Technology Assessment, Remote
Sensing and the Private Sector: Issues for Discussion, OTA-TM-lSC-
20 (Washington, DC: U.S. Government Printing Office, March
1984), for a discussion of some of the many uses of remotely sensed
data. See also U.S. Congress, Office of Technology Assessment, /i-
nternational  Cooperation and Competition in Civilian Space Activ-
ities, OTA-ISC-239  (Washington, DC: U.S. Government Printing Of-
fice, July 1985), ch. 7.

7For example, the multi spectral scanner on the U.S. Landsat has
a resolution limit of 80 meters, and the Thematic Mapper a resolu-
tion limit of 30 meters.

8William  J. Broad, “New Power Lets Computer Depict Images
Invisible to Eye, ” New York Times, Sept. 2, 1986.

9Thomas Sever and James Weisman, ‘‘Remote Sensing and Ar-
chaeology: Potential for the Future, ” National Aeronautics and
Space Administration, Earth Resources Laboratory, January 1985.
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Figure 1 .—Diagram of the Electromagnetic Spectrum
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tral bands. High surface resolution is important
in examining detaiIs of a site. The different spec-
tral bands are extremely helpful in locating sites
according to vegetation differences that appear
near human habitations.

To make effective use of archaeological remote
sensing, one needs first to understand the gen-
eral features of the region’s archaeology. It is then
possible to incorporate remote sensing into a re-
search scheme, keeping in mind the limitations
as well as the advantages of the technology, For
example, in many cases it is not ever-t possible
to detect the archaeological sites directly on re-
motely sensed data. Sites may consist of small
piles of stone, or pottery, or may be lost in the
subsequent vegetation. Therefore, other indica-
tors, such as vegetation, are necessary.10

Remote sensing is potentially useful for exam-
ining the environmental effects on a site. It can
also be used effectively for investigating how well
we can discover certain categories of sites. Re-
mote sensing can also be useful for logistics—
finding your way in the field, locating sample
units, etc. Nevertheless, remote sensing cannot
replace archival survey or traditional walking sur-
vey and more intensive archaeological activities,
including excavation.

In the past, to use remotely sensed data to find
sites, it was necessary to hand digitize all the avail-
able surface information into a Geographical in-
formation System (see Documentation and Anal-
ysis section for a discussion of this technique),
then put known sites on the map, and look for
commonalities in the surface features that would
indicate new sites. By putting layers of informa-
tion together, it is possible to extract general rules
for the likelihood of finding unknown sites.11 Such
a method will not find sites, but it does help pre-

IOThls was demonstrated recently i n an effort to find Mayan cit-

ies in the Yucatan peninsula using data acquired by the Landsat
Thema t i c  Mappe r .  Ramon trees (Brosinurn  a/acastrurn)  grow
preferentially in the central plazas of ancient Mayan cities. The differ-
ent color channels of the Thematic Mapper can be used to detect
Ramon  trees, though the instrument will not detect the plazas
directly.

‘ ‘See, for example, Jay F. Custer, et al., “Application of Landsat
Data and Synoptic Remote Sensing to Predictive Models for Pre-
historic Archaeological Sites: An Example From the Delaware
Coastal Plain, ” American Antiquity 51, 1986, pp. 572-588.

diet where they are more likely to be. Now this
can be done automatically.

In a related development, optical engineers
have developed a relatively inexpensive optical
digitizer. Among other things, such devices have
helped to analyze handwriting and to translate
handwritten material to printed form from 19th
century ledgers kept by agents of the Bureau of
Indian Affairs, for example (see Chapter  5: Pres-
ervation Information). For archaeology, similar
techniques can be applied, for example, to hier-
oglyph on damaged Mayan carvings, allowing
experts in Mayan writing to interpret details of
the signs invisible to the naked eye.12

Although archaeologists find remote sensing
techniques extremely useful in locating individ-
ual sites, and exploring patterns of human set-
tlement, they can also use such techniques to
choose the best sites for later excavation. How-
ever, the methods of distinguishing among a
group of suitable sites are still under development
and need to be refined before remote sensing can
be fully applied to this process.

Remote sensing technologies that hold the
greatest future promise for improving site and
landscape discovery, identification, and evalua-
tion are those that provide a broad, overall (syn-
optic) view and record data in digital form for di-
rect computer processing (e. g., multispectral
scanners on spacecraft or aircraft). However, for
most applications today, aerial photographs are
extremely valuable and much cheaper than mul-
tispectral scanners. They can also be used for
identifying and assisting in determining the sig-
nificance of historic structures.

Research Needs

● More effective use of aerial photography:
Photography is still the most useful and in-
expensive data source with the highest reso-
lution, both spatial and temporal. Yet in
some regions we do not always understand
at what time of year and under what condi-
tions (e.g., in terms of the growing cycles of
plants) to use infrared photography for best
results in archaeology.lJ Recently developed

I zThomaS Sever, NASA, personal communicat ion, 1985.
I JSee Thomas E. Davidson and Richard Hughes, “Aerial photog-

(contlnued on next page)
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digitizing methods (see below in section on
photogrammetry) may make such photographs
of much greater utility in archaeological
research. It will be important to conduct
systematic research to determine the most
effective times and ways to use aerial pho-
tographic techniques. For example, in some
investigations, it may be cost-effective to sus-
pend a radio-controlled camera from an in-
flatable blimp to document and map sites,
structures, or even landscapes.14

The use of historical aerial photographs for
monitoring site condition through time:
Many of the older aerial photographs (from
files of the U.S. Department of Agriculture’s
Soil Conservation Service, and in the Carto-
graphic Branch of the National Archives and
Record Administration, for example) may
provide useful historical information on sites,
but they have not been fully exploited. Aer-
ial photographs have been taken of most
places in the United States many times since
the early 193os, and provide a unique rec-
ord of changes in the landscape and in ar-
chaeological materials on and in it since that
time. Not only can the use of such photos
serve to alert managers about impending
changes or destruction of archaeological
sites and landscapes from natural or human
causes, they can also point the way to un-
derstanding a variety of natural processes
that affect them. For archaeology, historic
aerial photographs can assist in understand-
ing those processes that affect all archaeo-
logical materials from the time they are de-
posited by their original users to when they
are found by archaeologists.

For example, a current study being con-
ducted for the Army Corps of Engineers,15

focuses on understanding types and rates of

(continued from pre~ Ious  page)

raphy  and the Search for Chicone Indian Town, ” Archaeology 39,
1986,  pp. 58, 59, 76, for a description of recent research using in-
frared aerial photography at different seasons to search for the re-
mains of a Nanticoke Indian town in Delaware. One of the goals
of their research was to demonstrate the effectiveness of aerial in-
frared techniques for use in the Middle Atlantic States.

“J,  Wilson Myers and Eleanor Emlen Myers, “Aerial Photogra-
phy at Ancient Sites, ” Context 4, Boston University Center for Ar-
chaeological Studies, 1958, pp. 1-5.

I JFor the vicksburg  Waterways Experiment Station, by Ebert &

Associates, Albuquerque, NM.

●

Eastern United States often enclose areas of up
to 50 acres.

erosion affecting large archaeological sites
located on Corps of Engineers’ reservoirs
along the upper Missouri River, Some of the
study sites are covered by as many as 26 ser-
ies of aerial photographs taken at different
times of the day and year and at various
scales and photographic emulsions (black
and white, color, color infrared) since 1933.
The study will compare erosion rates calcu-
lated from the photographs with reservoir
dynamics, climate, and Iandform to arrive at
erosion projections for use in directing fu-
ture erosion control at the sites. Studies such
as this could be effective for erosion of
historic landscapes and for erosion patterns
around historic structures.
Continued study of the spectral bands most
effective for preservation: The spectral bands
for aerial scanning spectrometers and for
space systems have been chosen for their
utility in minerals detection and in the man-
agement of agricultural or forestry resources.
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The spectral bands that best display certain
kinds of archaeological sites may be differ-
ent from those that are best for forestry or
agriculture. Determining how best to use
these or other spectral bands for the special
needs of preservation will require continued
study.

Such considerations apply especially to the
use of optical scanners. To be most efficient
for preservation, the total system (scanner
and associated computer software) should
be designed for the specific preservation
need. For example, the best mix of spectral
bands and ground resolution to use in study-
ing structures is likely to be different from
the mix for agriculture or minerals explora-
tion. Because of the different soils and vege-
tation, even regional differences may dictate
different approaches to optical scanners.
However, the use of existing systems, though
not designed specifically for preservation
work, may be more cost-effective, at least
in the short term.

● Problem orientation—matching preservation
data needs with appropriate remote sensing
technology: As in the application of any tech-
nology, a problem must first be defined and
the data needs appropriate to its solution
chosen realistically. This requires a sound
understanding of the limitations as well as
the possibilities offered by technologies.

Many remote sensing technologies have
not been explored systematically to determine
their potentials and limitations for archaeol-
ogy. However, they may yield unimagined
new data. For example, only one systematic
series of experiments i n the use of optimum
conditions for thermal scanning for the dis-
covery of archaeological remains has been
conducted. 16 in that set of experiments,
using the French ARIES airborne thermal
scanner, the experimenters flew the scanner
many times over several valleys in France
where Celtic field boundaries were known
to exist but were not obvious either with
ground survey or on conventional aerial
photographs. In each overflight, they re-

IGSee MC. perisset  and A. Tabbagtl, “Interpretation of Thermal
Prospection on Bare Soils, ” Archaeornetry 23, 1981, pp. 169-188.

corded cloud conditions, air temperature,
and soil temperature, as well as the recent
history of these quantities. Their experiments
demonstrated that only during very short
“windows” of a few hours every several
months was thermal scanning useful for lo-
cating such features. Its application to differ-
ent sorts of features would require different
conditions.

Costs.–Costs for processing remotely sensed
data are decreasing rapidly, so the data will be
easier and cheaper to use in the near future. Until
recently, users of data sensed from space (e. g.,
on the Landsat system) have had to rely on ex-
pensive mainframe computers to process the
data. It is now possible to purchase a microcom-
puter system (including both hardware and soft-
ware) to analyze such data for less than $25,000. ’ 7

Users of remotely sensed data must always
weigh the costs associated with analyzing large
areas against the spatial and spectral resolution
desired. The greater the resolution, the more ex-
pensive the processing. Because the number of
data elements per area increases by the square
of the resolution, the costs of processing infor-
mation increase nearly by the same rate. It is
therefore important to choose the spatial reso-
lution most appropriate for the application. For
certain problems, enhanced spectral information
may be more important than greater spatial reso-
lution. For example, particular spectral bands
may contain information that enables one to de-
termine, for example, plant type, the presence
of phosphates in the soil, or the presence of
trapped moisture. All three signs may indicate the
presence of subsurface features otherwise in-
visible.

Geophysical Remote Sensing

Depending on the nature and depth of burial,
such instruments can find and explore buried or
partially buried archaeological sites without

I Zsee the discussion on this and related topics concerning the

development of lower cost processing for rer-rmtely sensed data from
space in an earlier OTA report entitled /nternationa/ Cooperation
and Competition in Civilian Space Activities, OTA-ISC-239  (Wash-
ington, DC: U.S. Government Printing Office, June 1985), ch. 7.
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damaging them by excavation.18 Some of these
sites occasionally include extraordinarily well-
preserved sites that have been hidden from looters
and occasional collectors. As many of the sites
found by such methods are not threatened by
looting, erosion, or other natural or human
threats, such methods will become increasingly
important as the more accessible sites are de-
stroyed.

Proton Magnetometer.19–The proton mag-
netometer is used to measure extremely small
changes in the local magnetic field near archaeo-
logical features caused by small differences be-
tween the magnetic characteristics of buried
structural features or material and the surround-
ing soil.

The ability to measure such differences depends
directly on the fact that protons, basic building
blocks of the atom, tend to align themselves in
the direction of the Earth’s magnetic field. The
stone or fired clay of artificial subsurface features
produce magnetic anomalies in the local mag-
netic field that can be measured by detecting
small changes in the tilt of protons as they spin
in the magnetic field of the Earth. As the investi-
gator moves the instrument across the Earth in
a grid pattern, the anomalies show up as slight
changes in the direction and intensity of the lo-
cal magnetic field. Plotting such anomalies on a
grid leads to a rough map of the subsurface fea-
tures. Brick, fire hearths, and iron-bearing mate-
rials show up best in this technique, although
some earthen features are also measurable.

This method can markedly improve the effi-
ciency of locating some subsurface archaeologi-
cal features by avoiding the necessity for digging
test pits. Sites can be investigated at rates of 10
minutes per square meter. The method is particu-
larly useful for shallow subsurface features. How-
ever, small, deeply buried features are extremely

18see Payson D. Sheets, “Geophysical Exploration for Ancient
Maya Housing at Ceren, El Salvador,” National Gmgraphic Soci-
ety Research Report: 1979 Projects, pp. 645-656, for a discussion
of the use of geophysical exploration techniques in volcanic tephra.

lgFor descriptions  of this and other geophysical techniques, see

M.S. Tite,  Methods of Physical Examination in Archaeology (Lon-
don and New York: Seminar Press, 1972). See also John W. Wey-
mouth, “Ch, 2: Archaeological Site Surveying Program at the
University of Nebraska,” Society of Exploration Geophysicists Tech-
nica/  Program Abstracts, Dec. 1-6, 1984{ pp. 191-193.

difficult to detect with this technique, because
the alterations of the Earth’s magnetic field pro-
duced by these features are small.

Soil Resistivity Meter.– Different soils exhibit
different resistance to the passage of electric cur-
rent, primarily as a result of their varied water
content. This method involves measuring the
electrical resistance of soil to the application of
a small current between two electrodes inserted
in the ground. Archaeological features tend to
have a different water content than the surround-
ing soil.

Although this technique is much simpler and
cheaper than radar or magnetometer methods,
it is much more tedious and time-consuming be-
cause it requires placing electrodes in the Earth
at each point of a grid pattern over the archaeo-
logical features under study. However, because
it is simpler and can be used near buildings,
power cables, surface iron, and other materials
that would make the use of magnetometers im-
possible, it is sometimes the appropriate choice.
It can therefore be used more readily in urban
settings.

Soil Conductivity Meter.–This instrument is
similar to the soil resistivity meter, but measures
instead the conductivity of the soil, using elec-
tromagnetic techniques. In one form, developed
by Geonics Ltd., of Canada, the device uses a
varying magnetic field to induce currents in the
ground below the instrument that are propor-
tional to the soil’s conductivity. These currents
in turn generate magnetic fields that can be meas-
ured with the instrument. The major advantage
of such an instrument is that it does not require
probes and can therefore be used to map terrain
as quickly as an operator can walk across it. 2o

Ground-Penetrating Radar.–Ground-pene-
trating radar instruments emit microwave pulses
at frequencies that will radiate below the Earth’s
surface. A receiving antenna carried along the
surface with the instrument on a cart or sled de-
tects echoes from buried features or discontinui-
ties in the soil. The time of return of the echo de-
termines how deep the feature is. This method

ZOJ, D. McNeill,  “Electrical  Conductivity of soils and Rocks, ” Tech-

nical Note TN-5, Geonics  Ltd., Ontario, Canada, October 1980.
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works particularly well for detecting buried walls,
floors, and foundations. It requires sharp differ-
ences in the radar reflecting characteristics be-
tween artificial features and the earth surround-
ing them. Concentrations of brick and metal
produce strong echoes.

Considerable experimentation may be neces-
sary to determine which frequencies are appro-
priate for the particular region and sites under
investigation. For example, one investigator found
that in investigating two different sites in Canada,
operating with antennas at a frequency of 350
megahertz provided the ability to penetrate from
1 to 3 meters depth, and a resolution of position
in the ground of a few centimeters. Using anten-
nas capable of operating at 100 megahertz would
penetrate much deeper, up to depths of 30 or
or 40 meters, but with resolutions no better than
one-fourth of a meter. The latter instrument is
therefore more appropriate for survey, the former
for detailed investigations of features relatively
near the surface, zl Another investigator, working
in south-central Ohio, found good results using
transmission frequencies of 650 megahertz.22 

Metal Detectors.– Electromagnetic metal de-
tectors, of the type often used to find buried metal
pipes and cables, and to detect military mines or
buried bombs, can also be used in archaeologi-
cal contexts where metal-bearing artifacts or fea-
tures are expected. With these instruments, a
changing magnetic field produced by the instru-
ment induces small currents, called eddy cur-
rents, in buried metal objects, which can then
be detected by a receiving coil connected to the
instrument. The more sensitive instruments of this
type can detect coins or small metal artifacts in
graves. They have been successfully used to
locate artifacts on historic battlefields.23 The metal
detector is an example of a technology that is also
inexpensively available to relic hunters, some of

whom may use them on public lands.24 (See
Chapter 4: Restoration, Conservation, Mainte-
nance, and Protection for discussion of such
issues. )

Proton magnetometers and other site-scale in-
struments, such as ground-penetrating radar, can
be used to define the structure and limits of a site,
and to plan excavation or sampling. For exam-
ple, they have been successfully used to map
otherwise nearly invisible features of prehistoric
earthwork remnants in central Ohio.25 Although
the information provided by such methods can-
not substitute for a detailed excavation, they may
provide important information concerning where
to excavate within a large structure or site. Ad-
ditionally, where the form, orientation, or loca-
tion of a site is the information sought, such meth-
ods are far less costly and take less time than
digging test pits or trenches.

To make these methods most useful, archaeol-
ogists need to refine their understanding of which
of these technologies to apply to a particular geo-
graphic area, soil type, or season. For example,
the proton magnetometer is most useful where
the archaeological features produce relatively
strong alterations of the Earth’s magnetic field.
Ground-penetrating radar can often be used over
frozen ground at times of the year when the
probes required with soil resistivity, or soil con-
ductivity meters cannot be inserted in the soil.
In some cases, the application of several differ-
ent instruments may be appropriate as the data
they generate are often complementary. In addi-
tion, for these as well as many other archaeolog-
ical methods, “a sound knowledge of the living
processes of the historic and prehistoric inhabi-
tants that occupied the site and the types of fea-
tures that they might have created are invalua-
ble for the design of data collection procedures
and subsequent interpretation of the data, ”26

.
21C. j. Vaughan, “Ground-Penetrating Radar Surveys Used in Ar-

chaeological Investigations: Two Case Histories, ” Society of Exp/o-
rat;on Geoph~;cjsts Technjca/ Program Abstracts, Dec. 1-6, 1984,
pp. 195-197.

ZZN ‘Omi G reber,  “salvaging Clues to a Prehistoric CU ku re, ’ The

Gamut,  Cleveland State University, springfsummer  1981, pp. 35-45.
ZJStephen W. Sylvia and Michael j. O’Donnel l ,  “underground

Warfare: Hunting for Relics on Civil War Battlefields, ” Man At Arms
Magazine, July/August 1979.

2dRecently, several men were apprehended and convicted of loot-

ing the Richmond Battlefield of Civil War relics. They used a metal
detector.

Zssee N’omi Greber,  “Geophysical Remote Sensing at Archaeo-

logical Sites in Ohio: A Case History, ” Society of Exp/orarion  Ge-
ophysicists Technical Program Abstracts, Dec. 1-6, 1984, pp. 185-
189, for a comparison of the use of resistivity and ground-penetrating
radar.

2GRobert H uggins, “Some Design Considerations for Undertak-
ing a Magnetic Survey for Archaeological Resources, ” Society ot’
Exploration Geophysicists Technical Program Abstracts, Dec. 1-6,
1984, pp. 210212.
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Several lost historic towns in Mississippi were
also located in a similar way. When the towns
were inhabited, people planted crepe myrtle and
osage orange around their homes. Though all vis-
ible signs of dwellings have since disappeared,
the trees still exist and because of how they show
up in the different spectral bands imaged by the
Thematic Mapper, they can be detected and sep-
arated from the other vegetation .*7

Terrestrial Photography and
Photogrammetry

Although terrestrial photography and photo-
grammetry are closely related to remote sensing,
they are generally applied over much smaller
areas and at closer ranges than aerial and space
or geophysical methods. Such methods include
stereo photogrammetry as well as conventional
photographic recording of structures28 and land-
scapes, archaeological sites, and rock art sites.

Traditional Stereophotogrammetric Methods
(Photo-theodolite) .–Traditional methods have
made use of a pair of large (9x9 inch) or medium
format (4x5 inch or 21/4 x 31/4 inch), high preci-
sion photographic cameras set about 40 inches
apart. Enlarged stereo pairs of photographic im-
ages of the scene under study are then placed
in an optical comparator, allowing a viewer to
see them as a single, three-dimensional image.29

In the simplest available method, a highly
trained operator traces the object of interest in
the comparator, recording contours of the three-
dimensional image, which are in turn transmitted
mechanically to a drafting table, Photo-theodo-
Iites to meet several different photogrammetric
needs are available. Such equipment can be
made more effective by adding such equipment
as advanced plotters using microcomputers,
color-graphic video terminals, and tape or disk
storage.

z~homas Sever, NASA, personal communication, 1985.
28See, for example,  IJ. S. Department of the Interior, National park

Service, Preservation Assistance Division, “Using Photogrammetry
To Monitor Materials Deterioration and Structural Problems on
Historic Buildings: The Dorchester Heights Monument: A Case
Study” (Washington, DC: no date).

ZgSee Hans Foramitti,  “classical and Photogrammetric  Methods

Used in Surveying Architectural Monuments, ” Preserving A40nu-
merrts and Historic Bui/dings,  Museums and Monuments Series 14
(Paris: UNESCO, 1972).

Until recently, photogrammetric recording has
been relatively expensive. Although basic equip-
ment can be acquired for about $60,000, a com-
plete, high-accuracy, system can cost as much
as $1 million. Stereo-plotters alone may cost
nearly $250,000. Some architectural and engi-
neering firms have simply been unable to absorb
such an expense. While traditional equipment
costs have been stabilizing, labor costs have risen.

In addition, concern over rapid obsolescence
has discouraged investment in standard pho-
togrammetric equipment. Currently, the “bread
and butter work, ” much of which is aerial, but
which uses the much the same stereo-plotters and
comparators, is conducted for industrial quality
control and State highway and transportation de-
partments.

Recent innovations that depend heavily on dig-
ital computer applications rather than precision
optics to achieve accuracy, are dramatically
lowering the costs of precision photogrammetry.
The following two examples illustrate this trend.
Even if new developments are still inappropriate
for certain applications where extremely high ac-
curacy is required, they will be useful in supple-
menting traditional methods.

Stereo Analytic Plotting Systems.–Stereo ana-
lytic systems represent a simplified approach to
photogrammetry. 30 Like traditional stereo photo-
grammetric methods, they use photography as
the basis for making three-dimensional measure-
ments. However, they can often use 35mm stereo
slides, black and white, or color film, taken with
normal commercial lenses, instead of the larger
format photographs used in traditional instru-
ments. The technology has aided in preserving
accurate images of site features, particularly those
of a subtle nature, which will be destroyed by
the process of excavation, as well as of objects
before their removal from the archaeological
context.

Such instruments allow an operator to exam-
ine a stereo pair of color slides and, to record the

JOOne such instrument is made by H. Dell Foster Associates of

San Antonio, TX, for the American Schools of Oriental Research and
field tested by archaeologists working in the Middle East. See “Com-
puters Aid Study of Ancient Artifacts, ” New York Times,  Aug. 13,
1985, for a description of the H. Dell Foster, MACO 35/70 system.
It uses either 35mm  or 70mm film.
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Drawing of Mission Espada, San Antonio, Texas, from
stereo photographs using the MACO 35/70 analytic

stereo-plotter.

three-dimensional positions of points within the
scene directly on an associated computer, which
can be a minicomputer or inexpensive micro-
computer. Computer software corrects for lens
and image errors and produces high precision
measurements of features selected by the oper-
ator. One of the advantages of analytic systems
is that they require less highly trained operators
than traditional photogrammetric systems.

The NPS Southwest Regional Office is using a
stereo analytic system to prepare drawings of
buildings under its care, assess the condition of
ruined pueblos and mission buildings, and record
the petroglyphs at Inscription Rock, El Morro Na-
tional Monument.

Computer Image Analysis.–Technicians at
NASA’s Earth Resources Laboratory in Bay St.
Louis, Mississippi, are developing a system that
shouId eventually circumvent the need for a

trained technician to examine the stereo image
directly .31 Instead, through a technique called
digital scanning, each photograph is optically
scanned by an instrument that converts the pho-
tographic density at each point in both stereo
photographs to a number proportional to the
density and stores it in a computer. Within a few
minutes, the device can digitize and store the in-
formation from images as large as 18 inches on
a side. Computer software then corrects for any
photographic distortions and compares the infor-
mation on the two photographs.

When analyzing the images, by searching for
edges in the image, much the way a human oper-
ator of a stereo comparator does, the computer
can generate a three-dimensional line drawing
of the building or object in the pair of photo-
graphs. The resultant drawing can then be printed
out on a computer-driven plotter. At the present
time, the technique requires a mainframe com-
puter. However, the associated digital scanner
is relatively inexpensive. The accuracy of such
a system is limited primarily by the inherent ac-
curacy of the photographic images, and by the
accuracy of the digital scanner. It should be able
to generate high-quality drawings from high-
quality photographs.

These promising applications, however, have
barely begun to affect the way photogrammet-
ric recording is undertaken in historic preserva-
tion. Architectural photogrammetry has not been
developed in the United States at a level com-
parable to that found in countries such as Aus-
tria, France, the Federal Republic of Germany,
and in other European countries. This is in part
because the United States has few facilities for
training in the use of these methods, and in part
because the use of accurate measured drawings
is given relatively low priority in the preservation
of structures and landscapes. High costs have also
been cited as an important factor, yet other coun-
tries have found them to be cost-effective for gen-
erating highly accurate drawings.

Even if a company has already invested in basic
equipment and trained staff, the use of architec-
tural photogrammetry is cost-effective, as such
methods lead to a marked increase in accuracy

IIOTA site visit, March 1986.
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and productivity over the labor-intensive require-
ments for preparing measured drawings using
traditional methods depending on direct meas-
urements. For this reason developing countries
such as Indonesia, Peru, and Turkey now have
their own photogrammetric services.

There is a critical need for improved informa-
tion exchanges between the preservation com-
munity and the American Society of Photogram-
metry and Remote Sensing, which publishes
detailed technical information. The cheaper,
easier-to-use, photogrammetric methods result-
ing from the development of analytical instru-
ments and large-image digitizers may represent
a significant breakthrough, but the benefits are
still largely unrealized.32

Video Tape and Optical Disk Methods

Video and optical disk technologies can both
be powerful tools for survey and identification.
Video techniques have proved especially help-
ful in the survey of underwater archaeological re-
sources, and for rapid survey of city neighbor-
hoods and historic structures.33 Optical disks can
be used to store video, film, and still images of
cultural resources for rapid retrieval and compar-
ison (see Chapter 5: Preservation Information).

Issues in Remote Sensing

Training in Remote Sensing Techniques.–
Though many of the recently developed remote
sensing techniques are extremely powerful, pres-
ervation professionals have not used them effec-
tively, primarily because they are often unfamiliar
with the utility of such techniques, and lack train-
ing in their use. Remote sensing methods, tech-
niques, and equipment are developing so fast
preservationists often cannot keep up. * This is

JZsUCh research  irlstitutiorls  as the Center for Remote sensing at
Boston University, and the Center for Earth Observations and Re-
mote Sensing at the University of Colorado, can be expected to
enhance the transfer of remote sensing techniques into preservation.

JJAndrew Lippman, “Movie-Maps: An Application of the Opti-
cal Videodisc to Computer Graph ics,” Proceedings of SIGGRAF’H
’80: Seventh Annual Conference on Computer Graphics and in-
teractive Techniques, Seattle, WA, July 14-18, 1980.

*For example, instead of detecting 10 to 15 shades of grey in the
visible part of the spectrum from black and white photography,
digital remotely sensed data allow discrimination among 256 shades
in a variety of spectral bands, including the infrared. Processing
this enormous amount of data requires a large computer that can
quickly and efficiently process large amounts of information.

a disadvantage for preservation because it is im-
possible to develop technical or methodological
standards when hardware and software formats
change rapidly.

Because of the utility of remote sensing tech-
niques, a vigorous government program (perhaps
within the Department of the Interior) to assist
archaeologists and other preservation profes-
sionals in using remote sensing techniques may
be appropriate. Recently, NASA provided train-
ing in remote sensing methods to several archae-
ologists through its Earth Resources Laboratories
in Bay St. Louis, Mississippi. Such a program
might serve as a model for other Federal efforts.

During the 1970s, the National park Service
within its Southwest Regional Office developed
a research program that successfully demon-
strated the utility of remote sensing techniques
for managing cultural resources. That office has
published a series of reports of high utility for un-
derstanding and applying remote sensing tech-
nologies. However, in recent years, the staff and
funding of that office have been reduced and its
research activities have dwindled.

Predictive Modeling

Predictive locational modeling is the general
term used for a group of techniques used to pre-
dict the distribution of archaeologically significant
material in a region. Not only is it potentially use-
ful for finding sites, it can be an integral part of
the scientific explanation of archaeological
remains.

Although such techniques are significant both
for research and for cultural resource manage-
ment, misconceptions about them abound among
archaeologists and cultural resource managers.
They have in some cases been oversold. For ex-
ample, some thought it would be possible to use
remote sensing and other methods to survey an
area, find all the sites, and assess their relative
significance. This has not proved to be the case.
Sites have been missed, and their significance not
appreciated. 34 With considerably more research,

IASee the various  articles  in Jim Judge and Lynn Sebastian, Cu/-

tural Resource Predictive Modeling, Report d Bureau of Land Man-
agement, Denver Service Center, Denver, CO (in draft). This doc-
ument is an attempt to bring together the theory and practice of
predictive modeling in one place.
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predictive locational modeling will likely be a
powerful tool for management as well as research.
Improvements in the techniques are of particu-
lar importance because it could give better con-
trol over the resource base which is being de-
stroyed at an alarming rate by both environmental
and human factors.

Archaeologists use two distinct families of ap-
proaches. One is an empirical, or inferential, ap-
proach that attempts to extrapolate from known
distributions within a surveyed sample of a re-
gion to unsurveyed areas. The other, which is
complementary, is a theoretical, or deductive, ap-
proach that is based on underlying assumptions
about how people might have behaved, given a
particular paleolandscape (e.g., climate, soil
productivity, Iandform characteristics, availabil-
ity of game) .35

Although the empirical, correlational models
work to a certain level, they do not explain why
people behaved as they did in the past. Deduc-
tive models, on the other hand, explain why peo-
ple behaved as we observe, but they have not
been widely applied because they are more dif-
ficult to develop. Thus their potential accuracy
is uncertain.

Many archaeologists and historians have ex-
pressed severe reservations about how effective
predictive modeling might be as a management
tool and fear that it might be misused in an ef-
fort to avoid costly ground surveyor detailed ar-
chival research. The models are not likely to tell
us where all the sites are because it is unlikely
that human behavior can be determined to that
degree. Because human behavior is responsive
both to predictable needs and essentially unpre-
dictable historical circumstances, even highly so-
phisticated locational models cannot be expected
to be completely accurate.

Their use for locating sites implies a set of as-
sumptions (i e., a model) about how the culture
under study works. A model that incorporates too
few parameters may lead to incorrect results. Sites
are just one part of an entire cultural system that

~%wllllam C. smith arlcf )arnes C. Chatters, “Archaeological Predic-

tive Modeling: The Yakima Firing Center, ” Central Washington Ar-
chaeological Survey and Geographic Information Systems Labora-
tory, Central Washington University, Ellensburg,  WA, March 1986.

includes intellectual (e.g., philosophy and the-
ology) as well as material determinants. Predict-
ing locations of sites without considering the en-
tire organizational system (as much as can be
known) of the prehistoric society will lead to in-
correct results.36 Societies include not only liv-
ing and working areas, but such elements as plan-
ning, division of labor, and mobility, among
others. in addition, many have expressed the
concern that models may help in locating typi-
cal sites, but may be totally useless in locating
atypicalones. 37 Adequate protection of historic
and prehistoric properties requires unique as well
as typical sites be identified and protected.

From a management perspective, it is the anoma-
lies that may be important because they draw the
attention of the public and are likely to suffer most
from visitation. For example, Stonehenge is cel-
ebrated throughout literature i n part because it
is unique. Yet there are thousands of smaller and
less famous stone circles throughout the British
Isles. The latter provide more information about
prehistoric culture than does Stonehenge. In the
United States, the Serpent Mound in central Ohio
is a remarkable prehistoric Iandform that often
serves as an illustrative example of the accom-
plishments of the prehistoric Indians who con-
structed the mounds. However, it too is excep-
tional among the thousands of mounds in the
Central United States.

From the standpoint of predictive modeling, the
anomalies may not be so important. For exam-
ple, ordinary trash is of less interest to the lay per-
son than the trash of a celebrity, but of greater
interest to the archaeologist or historian attempt-
ing to understand how the average person lives.
Nevertheless, because of this and related con-
cerns, several participants noted that predictive
modeling may not result in great cost savings. It
may provide other benefits, including better land-
use planning and better understanding of now

JbFOr example, like trying to predict the patterns of telephone
usage in a city, taking into account only the residential usage.

37fIor example, we may learn that a given cu Itu re prefers settling

within a certain distance from a stream bed and are able success-
fully to predict sites on that basis, However, such a model would
not necessarily allow for a variety of special-purpose sites, or for
the case of a community from the same culture that decided to
break with tradition because of political differences and settled
much farther away.
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extinct subsistence and settlement systems. Fi-
nally, it may find its greatest utility as a guide to
field sampling.

One of the big problems for developing predic-
tive locational models is the difficulty in compar-
ing data generated by one archaeologist with data
from another. Neither predictive locational mod-
els nor the way basic field data are accumulated
exhibit very much standardization.

in using remote sensing or predictive model-
ing, it is essential to define the research problem
because preliminary evaluation often constitutes
the basis for research and later interpretation and
preservation.38 A search of archival materials is
extremely important.

JBFor  example,  Site- landform correlations. %me types Of envi  -
ronmental considerations and

Identification and Survey of
Submerged Cultural Resources

Because many of the technologies used for sur-
vey and identification of submerged cultural re-
sources are unique to underwater archaeology,
they are treated separately in this section. A va-
riety of techniques are used to locate underwater
sites. The simplest techniques mimic those used
on Iand and include random searches as well as
controlled coverage by scuba39 divers positioned
at regular intervals along swimlines. Although
simple approaches and accidental finds have

landscape in identifiable, systematic ways. Seeing where sites cluster
in one part of the region can provide one with guidelines for sam-
pling elsewhere. ,. .

some cultural patterns change the Jqself Contained Underwater Breathing Apparatus.

Point Reyes Nationai Seashore
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yielded some significant discoveries, most are
haphazard and unpredictable.

The most promising, efficient, and accurate ap-
proaches to resource location rely on nondestruc-
tive, electronic remote sensing technologies. Un-
derwater remote sensing surveys are conducted
in compliance with environmental regulations
prior to activities such as dredging or offshore
mineral development that wouId disturb or de-
stroy sites. These surveys employ a variety of in-
struments including magnetometers, sub-bottom
profilers, side-scan sonar, precision fathometers,
and electronic positioners. Refinements and ad-
vances in sub-bottom profiling, and side-scan
sonar40 have been driven, primarily, by the de-
mands of the miIitary and the gas and petroleum
industries. Until these technologies were incor-
porated into underwater archaeology, quick and
accurate large-area surveys of the ocean floor
were virtually impossible to carry out.

Surveys made with these remote sensing meth-
ods result in electronic records, patterns of im-
ages or signals in either analog strip charts or dig-
ital records. These images indicate both normal
and anomalous bottom and sub-bottom phenom-
ena. As in land archaeology, the sources of anom-
alous signals can only be identified as archaeo-
logical material through examination in situ. It is
important for underwater archaeologists to con-
tinue building a “catalog” of representative sig-
nals matched with specific anomalous image
sources to examine and test new underwater con-
texts such as estuaries and deep water more ef-
fectively and efficiently.

● Side-sea n sonar sends out acoustic puIses
from an instrument located below a survey
ship. A receiver on the ship detects the
reflected signal and creates an image of the
ocean floor based on the return time and
direction of each reflected signal. It produces
excellent images of the topography of the
ocean floor, including structures and ship-
wrecks; it cannot detect materials covered
by sediments. Unlike sub-bottom profiling,
side-scan sonar can cover wide areas of the

‘C.J. Ingram, “High-Resolution Side Scan Sonar/Subbottom  Profil-
ing to 6,(?WI Mile Water Depth, ” paper presented at the Pacific Con-
gress on Marine Technology, Hawaii, Mar. 24-28, 1986.

Side”Scan Sonar Unit

Photo  credit: Nationa/  Ocesnic  and Atmospheric Administration

The side-scan sonar unit is being lowered into the
water at the U.S.S. Monitor site, off Cape Hatteras, NC.

ocean bed, enabling the quick and accurate
mapping of such geological phenomena as
drowned river systems.

● Sub-bottom profiers41 are sonar instruments
that generate acoustical pulses downward.
These pulses in turn are reflected back from
sediment layers below the ocean floor. Each
layer produces a discrete echo that is re-
ceived and printed on strip charts. The range
of images approximate to a high degree of
resolution (less than a meter) the sub-bottom
levels encountered. Sub-bottom profilers
were designed for use in deep water and,

41Milton  B. Dobrin,  /ntroc/uction  to (kOph@C3/ ~raped;~g (New

York: McGraw-Hill, 1976).
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Photo credit: Garry Kozak, Klein Associates

Side-scan sonar of the The At/antic, a wooden, side-wheel U.S. steamship sunk in 1852, in the Canadian waters of Lake
Erie. The ship rests nearly upright, 160 feet below the surface. Because it lies in cold, freshwater,

it is remarkably well-preserved.

until recently, were not well suited for use
in shallow water. However, modifications
now enable them to operate in less than 6
m of water. They are limited to surveying
only the area directly beneath their vessels
and, thus, must make many closely spaced
sweeps over large survey tracts.

● Magnetometers 42 sense the magnetic field
anomalies created by ferrous materials on
the ocean floor. Therefore they can only
locate shipwrecks and other historic sites
containing such metals. Their major short-
coming is that they must be relatively close
to their targets because the targets’ magnetic
fields attenuate rapidly (by the inverse square)
as the distance between them and magneto-
metric sensors increases. Magnetometers

 —

●

cannot easily trace weak signals or anoma-
lies, such as those detected from under sedi-
ments, to their sources. Greater use of air-
borne magnetometry could lead to faster,
broader, and more accurate coverage within
survey perimeters. Even remote sensing from
space as it is refined to more deeply pene-
trate the water’s surface could soon be ap-
plied to underwater archaeological site iden-
tification and management, as it has been to
hydrography .43
Remotely operated vehicles (ROVs): ROVs
have been undergoing rapid change and de-
velopment, going deeper to bring clearer
pictures than ever before of the seabed. De-

 Barto Arnold, Ill, “Remote Sensing in Archaeology, ”  
 Journal of Nautical Archaeology and Underwater 
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Artist’s rendering of a remotely operated vehicle, DEEP
DRONE, which hovers over U.S.S. Monitor, lying 230

feet deep off the coast of Cape Hatteras, NC

veloped in response to the needs of the mil-
itary and oil, gas, and minerals exploration
companies, they are replacing human divers
in a great many underwater tasks. They can
remain submerged for weeks to survey huge
areas of the ocean floor.

For example, the historic discovery of the
wreck Titanic44 in April 1985, was achieved
through an unmanned craft, the Argo,
tethered to a ship by 13,000 feet of cable.
Outfitted with television cameras, high-pow-
ered lights, and sonar scanners, it revealed
new information about an environment that
had previously been closed to archaeologi-
cal research. The Titanic was later explored
by a manned vehicle, the Alvin, and a re-
motely operated craft, Jason, Jr. in an attempt
to gather photographic and other data on the
wreck’s condition.45

AARobert D. Ballard,  “HCMI We Found  the Titanic, ” National Geo-

graphic 168, 1985, pp. 696-722,
4~Walter Sullivan, “Manned Sub Descends To View the Titanic, ”

New York Times, July 15, 1986, p. Cl.

DOCUMENTATION AND ANALYSIS
Documentation and analysis are the heart of

the research process. It is here that a research
plan, or design, is particularly important, because
excavation, coring, test trenches, and dismantling
the outer layers of an historic structure may de-
stroy some or all of the resource. Techniques that
provide nondestructive, objective ways of docu-
menting cultural resources are extremely impor-
tant, because the primary way for others to judge
the quality of the analytical results is to examine
the original data. It is therefore especially impor-
tant that the data be as free of the investigator’s
bias as possible, and that data recovery methods
be designed to answer a wide variety of poten-
tial research questions.46

4bSee  Allan E. Kane, Wi II iarn D. Lipe, Ruthan n Knudson, Timo-

thy A. Kohler,  Steven E. James, Patrick Hogan, and Lynne Sebas-
tian, “The Dolores Archaeological Program Research Design, ”
Dolores Archaeological Program: Field  Investigations and Analysis–
1978 (Denver, CO: Engineering and Research Center, Bureau of
Reclamation, U.S. Department of the Interior, November 1983) for
a detailed view of a wide-ranging research design.

In many cases, new techniques and methods
have made possible the collection or interpreta-
tion of data far beyond what was possible just a
few years ago. For example, in the excavation of
the prehistoric Koster Site in west-central lllinois,47

the development of flotation techniques for col-
lecting plant materials, seeds, and pollen led to
a much better appreciation of the complexity of
the prehistoric Indian societies that inhabited the
site over the centuries and their ability to adapt
to new conditions.

Refinements in radiocarbon dating have made
possible the determination of more accurate
dates for historic structures and landscapes as
well as prehistoric sites. Archaeomagnetic and
obsidian hydration dating techniques, developed
in the 197os, have restructured our understand-
ing of the dates of certain archaeological sites for
which there is no datable wood.

47~.  Struever and F.A. Holton,  Koster: Americans in Search of Their
Prehistoric Past (New York: Signet, 1979).
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Technologies

This section discusses some representative
techniques (table 7) used by archaeologists and
historians to analyze prehistoric and historic cul-
tural resources. The technologies discussed are
illustrative and not intended to be inclusive.

Excavation

Site Sampling and Evaluation.–As archaeol-
ogists attempt to tackle ever more sophisticated
problems, requiring finer distinctions among sites
and groups of sites, the relevance of how they
collect materials from a site and where they de-
cide to dig within a site becomes more impor-
tant.48 Site sampling and evaluation techniques
allow the archaeologist to determine: 1 ) which

qBTimothy A, Kohler,  Carl J. Phagan,  and Eric Blinman,  “SOur Ce5

of Confounding Variability in Archaeological Collections, ” Dolores
Archaeological Program Technical Report Number DAP-282, Dec.
4, 1982.

Table 7.—Technologies for Gathering
and Analyzing Data

Excavation:
Coring tools
Probing tools
Digging tools
Screens
Sifters
Sorters
Flotation techniques
Sample collection devices
Site sampling devices
Portable generators
Soil micromorphology
Soil profile techniques (interpreting and recording)
Temporary shelters over sites during excavation

Inspection:
Visual
X-ray
Infrared
Moisture meters
Neutron/gamma-ray spectroscopy

Documentation:
Computers
Bar code generators
Drawings
Photographic cameras
Video cameras

Analysis:
Computers
Geographic Information Systems
Chemical

SOURCE’ Office of Technology Assessment.

sites to excavate, 2) whereto excavate within the
site, 3) where the site boundaries are, and 4) how
to collect materials from within each site. For ex-
ample, in excavating Pueblo Alto, a major pre-
historic Chaco Canyon village, in the late 197os,
only 10 percent of the structure was actually ex-
cavated. National Park Service archaeologists
used sampling techniques to decide where to dig,
and saved most of the structure for future re-
search .49

Sampling makes extensive use of magnetome-
ters, soil resistivity methods, subsurface radar, and
other remote sensing technologies also employed
for survey and identification, to find remnants of
structures, and other evidence of human activity.

Archaeologists and landscape architects also
employ coring techniques to sample the earth for
evidence of human activity. Refinements in these
techniques for other purposes will benefit the
sampling process. so

Inspection

Neutron/Gamma-Ray Spectroscopy .-A prom-
ising new technology, developed originally to
analyze the chemical composition of lunar soil,
makes use of neutron/gamma-ray spectroscopy.
The technique makes use of a radioactive source
(californium 252) that emits high-energy neutrons.
Because of their high energy, neutrons may travel
as much as several meters, depending on the type
of material they penetrate. In using the technique,
the experimenter places the neutron source
against the material to be analyzed, and the re-
sulting neutrons pass through it, striking atoms
of various elements within. The atoms emit gamma
rays (high-energy electromagnetic waves) char-
acteristic of the atom struck. A gamma-ray de-
tector on the other side of the material determines
the intensity and energy of the gamma-rays so
emitted. Analysis of the spectrum of these gamma
rays allows the experimenter to determine the
chemical composition of the material between
the neutron source and the gamma-ray detector.

qg)ames judge, Southern Methodist University, personal  commu-

nication, 1985.
50 See Julie K. Stein, ‘‘Coring Archaeological Sites, ” American An-

tiquity, 1986,  pp. 505-527, for a discussion of coring technology
and history of its use.
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National Park Service archaeologists excavating pithouse remains in Chaco Canyon National Historical Park, NM.

This nondestructive technology, recently “trans-
ferred” to preservation has been successfully field
tested on historic structures at Colonial Williams-
burg, Virginia, and in Venice, Italy. The deep-
penetrating technology enables scientists to de-
termine the kind, distribution, and amount of
contaminants within structural materials. Such
contaminants may result in the destruction of the
material. For example, in an investigation of a
smokehouse in Williamsburg, the technique was
used to determine the concentration of damag-
ing salts in the smokehouse roof. The technique
couId also be used to monitor the effectiveness
of stone consolidation. It constitutes a significant
advance over previous techniques, such as core
sample analysis, which is destructive; electrical
conductivity, which measures only surface mois-
ture and is affected by salts; and neutron ther-
malization, which is limited to shallow surface
diagnosis. 51 

51   ). I   Livingston, and T.H. Taylor, 

 Techniques for Investigating the Deterioration of
Historic Build ings, ” Nuclear Instruments and Methods  Physics
Research A242 (Amsterdam: North Holland, 1986).

Infrared, Ultraviolet, and X-ray lnspection.–
Such techniques, which make use of analytical
methods depending on wavelengths of light be-
yond the visible range for humans, have greatly
expanded the ability of architects to determine
the original colors of paint, or to “see” features
otherwise invisible to the naked eye. For example,
by using ultraviolet light, architects examining
Gunston Hall in Virginia, were able to determine
that many of the carved wooden decorations
originally on the interior walls had been removed
at some time in the past.52 Even high-intensity vis-
ible light may reveal details or “ghost” images
and contours that are invisible in normal illumi-
nation.

X-ray analysis makes possible the inspection of
features hidden from view behind structural ma-
terials, or even within a structure. For example,
it has been used to reveal the presence of hand-
wrought nails connecting balusters to a handrail,
confirming that the staircase was original 18th
— —

‘zThomas J. “Solving the Mystery of  Hall, ” Historic
Preservation, June 1984, pp. 40-45.
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century construction, and not a restoration. 53

Portable, relatively inexpensive units, make field
inspection practical in a variety of conditions. X-
rays can penetrate most common building ma-
terials, but to varying depths. Conventional plas-
ter and wood are most easily penetrated; most
metals, masonry, and earth absorb X-rays easily.

In practice, the )(-ray unit is set upon one side
of the construction medium under study. A film
pack containing a specially coated screen which
fluoresces when struck by X-rays, contains high-
speed photographic film, which is exposed by the
fluorescent screen. By using Polaroid film in the
film pack, the structural analyst can see results
immediately and, if necessary, reposition the
apparatus to produce the desired results.

In 1981, X-ray analysis revealed the answer to
long-standing questions regarding details on the
internal structure of the dome of Thomas Jeffer-
son’s Virginia home, Monticello, whether it was,
in fact constructed “in Delorme’s manner.” The
evidence was found in Jefferson’s personal note-
book on dome design and remodeling the prop-
erty. That document indicates that Jefferson in-
tended, in constructing the dome of Monticello,
to incorporate techniques he learned during his
tenure as American Minister to France. Devel-
oped by Philibert Delorme, a 16th century ar-
chitect in the French court, the approach em-
ployed wooden planks laminated in short, curved
segments to form long, continuous structural ribs
that could then be used to vault arched spaces.
This technique represented an improvement over
traditional timber vaulting methods in that it was
lightweight, inexpensive, and easily and quickly
assembled.

In the absence of more detailed notes and
drawings, and because destructive analytical de-
vices are inappropriate for such an architectur-
ally and historically significant building, X-ray ex-
amination proved ideal for penetrating the
dome’s surfaces. X-ray techniques confirmed the
degree to which Jefferson varied his application
of Delorme’s technique.54  Important findings in-

sJsee David MCLaren Hart,  “X.%Y  Inspection Of Historic Struc-

tures:  An Aid To Dating and Structural Analyses, ” Technology &
Conservation, summer 1977, pp. 10-27, for a comprehensive sum-
mary of X-ray techniques.

sqDOUglaS  Harnsberger, “In Delorme’s  Manner, ” APT Bu//etin,
VOI. X11, No, 4, 1981.

elude the use in Monticello’s dome of four lami-
nations per rib rather than the two per rib of
Delorme. In addition, Monticello’s dome features
wrought nails and spikes instead of mortises,
tenons, and pegs for attaching structural ele-
ments. X-ray technology showed clearly the in-
novation behind Jefferson’s adaptation.

Chemical and Physical Analysis

A variety of methods are used to determine the
chemical constituents and physical properties of
paint, wallpaper, and materials incorporated
within historic structures. Most involve the lab-
oratory analysis of samples removed from a his-
toric structure. For example, in examining frag-
ments of wallpaper used at different times in
Gunston Hall, researchers have analyzed six dif-
ferent wallpapers and found that each of them
contained wood pulp, which indicated that they
all dated from later than 1825, as earlier paper
was made from rags.55

Sslbid.

Photo credlt: Preservatlon Assistance Division, National Park Service

Infrared Moisture Detection, Rome. Demonstration of
remotely operated unit.
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Chemical analysis of stone can aid in determin- sounds can indicate whether or not a structural
ing the quarry from which it was mined. Chemi- member is firm or weakened. Examination of the
cal analysis of wood can aid in determining soundness of roofing systems reveals much about
whether structural and decorative or applied possible water damage.56 Tables 8 through 11
wood is part of the original fabric or newer and, present a variety of diagnostic tests that can be
therefore a replacement or addition. used in examining damage to wood, masonry,

However, proper diagnosis of the condition of
iron and steel, an-d reinforced concrete.

historic structures begins with visual inspection,
Information Analysisas exterior signs of decay and degradation in

buildings are often obvious. The senses of smell Computerized Geographic Information Sys-
and touch and hearing also identify deterioration. tems.–Geographic Information Systems (G IS) are
Musty odors and damp surfaces suggest the pres- 5Worrest Wilson, “Building Diagnostics, ” Arch;tecfura/  Techno/-
ence of damaging levels of moisture; certain ogy, winter 1985.

Table 8.—Technologies for Analyzing the Physical Condition of Wood

Diagnose Test method +Advantages – Disadvantages

Decay, species

Strength and grade

Density, strength,
degree of degradation

Moisture content

Strength, modulus of
elasticity

Moisture content

Grain direction,
irregularities, decay,
splits, knots, moisture
content, insect
damage, location and
size of members

Visual

Visual

Manual probing

Dielectric moisture
meters, power-loss
meter

Resistance-type
moisture meter

Electrical resistance
probe

Ultrasonic, pulse
velocity

Stress-wave propagation

Weight test, oven-drying

Radiographic

+good preliminary step
–other tests should follow to determine internal

conditions, stability
+Well-suited for grading inspection
+gives a measure of structural adequacy
–limited to accessibility, may be impractical if grade

marks painted over
+good to detect surface decay
+fast, easy to identify advanced decay
–other tests needed to assess internal quality
–not all surfaces may be accessible
–cannot detect internal decay
+easy to use, will not upset surface
–limited range: 0°/0 to 39% moisture content
–sensitive principally to surface of sample
–accuracy impaired when moisture gradient present
– reading affected by specimen density, chemical

treatments or decay
+ meter simple, rugged; readout in direct units
+calibrations for grades and species
–limited range: 7°/0 to 30°/0 moisture content
–data influenced by some preservatives, fire retardants

and decay
+measures changes in long-term moisture content

remotely
+can be built into structure
– used only in research
–limited range: 7°/0 to 35°/0 moisture content
+equipment portable, fast, and readily adaptable for field

use
–affected by wood characteristics that are not flaws,

such as moisture content
+portable, light, inexpensive
–requires trained personnel
+accurate at any level of moisture content
–takes time, requires lab test-equipment
+provides permanent record
+equipment light, portable, easy to use
–radiation is unhealthy, requires shielding
–initial cost high
–field development not complete
–specimen must be accessible on both sides

SOURCE: Forrest Wilson, “Building Diagnostics” ArcMtectura/  Technology, winter 1985; Neal Fitzsimmons;  U.S. Department of Housing and Urban
Development.
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Table 9.—Technologies for Anaiyzing the Physicai Condition of Masonry

Diagnose Test method +Advantages – Disadvantages

Flexural bond strength

Shear strength or
diagonal strength

Water absorption

Size

Warpage

Imperviousness

Chemical resistance

Crazing

Leakage, water
permeance

Compressive strength

Structural soundness,
mortar bond, filled
cells

Inner cell grout, wall
thickness

Continuity, voids,
cracks, estimate of
compressive strength

Voids and
reinforcement

Location of
reinforcement

Load testing

Load testing

Weighing, dry and
saturated

Visual measurement

Visual inspection

Ink test

Acid dripping

Autoclave test

Spray test

Masonry prisms

Hammer test (light
tapping)

Probe holes

Ultrasonics (low
frequency)

Radiography

Tachometer

+ accurate
–destructive
+ accurate
–destructive
+accurate
–time-consuming
+fast, requires little skill
–will not determine strength or durability
+fast, requires little skill
–will not determine strength or durability
+fast
–will not determine strength or durability
+useful if exposure to certain chemicals is anticipated
–will not determine strength or durability
+reliable test
–safety precautions required
–will not determine strength or durability
+ rate of leakage and water permeance be observed
+ used for comparison of masonry specimen; simple

modifications make useful for in-situ testing
–will not determine strength or durability, other than

that inferred from porosity
+results reliable if taken from actual building materials
– results uncertain if materials different from actual

building
+fast approximation
– requires skilled tester with good hearing
– may require additional testing to validate findings
+small holes from test easily patched
+ requires only semiskilled evaluator
–an approximation, requires many drill holes unless

combined with fiber optics
+accurate evaluation of several parameters
– requires skilled, experienced operators
–expensive
+accurate evaluation of parameters; permanent record

on film
– requires access of both sides of specimen
–requires safety precautions; expensive
+requires fast, semiskilled operator
+gives locations and depth of reinforcement
–used only for light reinforcement; difficult to interpret

if both joint and cell reinforcement used..– -
SOURCE: Forrest Wilson, “Building Diagnostics” Arc/#tectura/  Technology, winter 1985; Neal Fltzslmmons;  U.S. Department of Housing and Urban

Development.

computerized database systems in which the data
are explicitly spatial in nature and organization.
Such systems can be applied in studies of pre-
historic and historic settlement patterns, and to
planning for future development.

A complete GIS includes both computer soft-
ware and hardware. It is capable of merging and
analyzing a wide variety of data for their infor-
mation content and displaying them graphically.
A system capable of processing large amounts of
information quickly (on minicomputers or main-
frame computers) would cost on the order of
$50,000 or more, although smaller, less capable

systems for microcomputers (such as P-MAP, and
RIPS) are available at much lower costs. Exam-
ples of the more extensive systems, in the pub-
lic domain, include MOSS/MAPS (Bureau of Land
Management), Geographical Resources Analysis
Support System (GRASS)57 (under development
by the Construction Engineering Research Lab-
oratory of the Army Corps of Engineers), and
SAGIS (National Park Service).58

Jq. Westewelt,  W. Goran, and M. Shapiro, “Development and
Applications of Grass: The Geographical Resources Analysis Sup-
port System,” manuscript, U.S. Army Construction Engineering Re-
search Laboratory, Champaign.

58RemOtely  ~nsed  data are ideally suited for analysis by GIS.
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Table 10.—Technologies for Analyzing the Physical Condition of Reinforced Concrete

Diagnose Test method +Advantages –Disadvantages

Surface flaws

Differential movements
over time

Joint survey, expansion,
contraction, cracking,
variety of conditions

Internal cracks, voids,
flaws

Surface hardness—
relative quality of
concrete

Compressive strength

Moisture content

Slab thickness,
location

re-bar

Locate ferromagnetic
elements, location
and depth

Growing internal flaws

Visual, optical

Surveying

Visual joint inspection

Fiber optics visual
survey

Rebound hammer

Penetration, Windsor
probe

Dielectric

Electrical resistivity

Magnetic cover meters,
Tachometers

Acoustic emission,
stress waves

+ inexpensive
+ no special equipment needed
+ reveals defects other methods won’t
–provides information on surface only
+ provides cyclical relationships between deformation,

temperature and load
– immediate interpretations not available
–trained surveyor required
+ inexpensive initial first step in a more in-depth

investigation
+ most applicable to foundations, walls, slabs
–trained observer required for data collection and

evaluation

+yields clear, high-resolution image of remote
inspection areas

–requires path to surface; may require multiple
boreholes

+ inexpensive, fast; can be used by inexperienced
personnel

– indications of strength not accurate
– results affected by condition of concrete surface
– requires correlation between rebound value and

concrete
+equipment is simple, durable
+field operation requires minimum training
–accuracy depends on location of test and accuracy of

depth gauge
–slightly damages small area of concrete
– provides accurate strength determination only with

correlation of depth of penetration and concrete
strength

+equipment readily automated
– used in the past only in laboratories
– accuracy of 25°/0
–equipment very expensive, tests only for moisture

content
+ equipment easy to use
–limited to pavements and on-grade slabs
– results inaccurate, affected by air entrainment density,

moisture, salt content, and temperature gradients
+Iight, portable, easy to operate, inexpensive
–battery equipment will not operate satisfactorily below

32° F
–good results only with one layer of re-bar
–will not work well with mesh
+equipment simple, easy to operate
+data gathering requires minimal training
–data interpretation requires an expert
–background noise distorts results
–computer recommended for triangulation of flaw

location
– used only when structure is loaded and flaws

increasing
SOURCE’ Forrest Wilson, “Building Diagnostics” Architectural Teclmo/ogy,  winter 1985, Neal Fitzsimmons;  US.  Department of Housing and Urban

Development
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Table Il.—Technologies for Analyzing the Physical Condition of Iron and Steel

Diagnose Test method +Advantages – Disadvantages
- . . . . . . . . , . . ,
Surface characterlstlcs,

flaws, corrosion, pits,
etc.

Material separations
(open to surface)

Cracks, seams, laps,
voids, porosity, and
inclusions

Voids, porosity,
inclusions, and
cracks

Surface-finish
discontinuities,
cracks, seams,
variation in alloy
composition or heat
treatment

Yield strength, yield
point, tensile strength,
modulus of elasticity,
compressive strength

visual, optlcal,
horoscopes, fiber-
optic, etc.

Liquid penetrant
containing dye

Magnetic particle

X-ray and gamma-ray
radiographic

Eddy current

Coupon

+ permits inspection of surface and hidden surfaces if
access available

–detect only visible flaws on surface or below surface
through access channels

+ permits inspection of complex shapes in a single
operation

+ inexpensive, easy to apply, portable
–shows only defects open to the surface
– messy, with irrelevant indications
– results depend on operator’s ability
– results must be carefully controlled
+simpie, inexpensive
+senses flaws down to 1/4 inch as well as surface flaws
+not applicable to nonmagnetic metals or materials
–messy, careful surface preparation required
–irrelevant indications often occur
–results depend on operator’s skill

+detects both internal and external flaws
+ portable
+ permanent record
–expensive; heavy
–health hazard, requires shielding
–complex shapes difficult to analyze
+moderate cost; readily automated
+ portable; permanent record available
+can be adapted to comparative analysis
– useful on conductive materials only
– shallow penetration
– reference standards often required
– provides only qualitative comparison
+fast, accurate results of physical and mechanical

values
–destructive to sample removed for testing

SOURCE: Forrest Wilson, “Building Diagnostics” ArcMtecfura/  Techrro/ogy,  winter 1985; Neal Fitzsimmons;  U.S. Department of Housing and Urban
Development.

These systems are available for a wide variety
of analytical and management chores because
many cultural resource data are spatial in nature,
For example, the goal of much archaeological re-
search is to discern patterns in the distribution
of artifacts, structures, or other cultural materi-
als across the Earth’s surface. GIS can also be
used to relate data from different parts of a site
at a variety of scales. In archaeology, GIS meth-
ods have been used most extensively to predict
the occurrence of sites in a given region of inter-
est (predictive locational modeling).

GIS can be especially useful for analyzing land-
scapes. The Army, for example, has used exist-
ing GIS technologies to map vegetation, slopes,
and archaeological sites across a Landscape.59  The

SgConstance Ramieriz,  Department of the Army, personal com-

munication, 1986.

system can plot every known site. Army techni-
cians can even show how the landscape looks
at different times of the day or season, Although
the Army uses such information for planning mil-
itary exercises, and other strictly military pur-
poses, some of these techniques could be trans-
ferred into the civilian realm.

The expense of the technology, however, has
limited its use by archaeologists and landscape
architects. Regional GIS centers, that maintained
shared environmental and other databases,
would make it possible for these groups to gain
access to advanced GIS methods and help spread
this technological innovation more rapidly and
effectively through the preservation community.
Such centers could provide training for archaeol-
ogists and others in GIS methods. They are likely
to be highly effective within the university com-
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munity, where archaeologists and many other
professionals using GIS technology can work to-
gether on common problems.

Dating Techniques

The development of a series of physical dat-
ing techniques (table 12) by physicists and chem-
ists provides one of the best examples of the suc-
cessful application of technology to archaeology
over the last 30 years. GO The following discusses
two of those methods.

Radiocarbon (Carbon-14) Dating.– Developed
by W.F. Libby and his co-workers at the Univer-
sity of Chicago just after World War 11, radiocar-
bon dating is the most widely used and best-
known dating method. It relies on the fact that
all living organisms contain carbon atoms, an ex-
tremely small percentage of which (about one
part in a trillion) is the mildly radioactive isotope,
carbon-1 4. While the organism is still living, the
percentage of carbon-14 is maintained in equi-
librium through exchange with atmospheric car-
bon. However, when it dies, no further exchange
is possible and the carbon-14 decays slowly (with
a half-life of about 6,000 years).

This technique is capable of providing ages of
organic materials for the last 30,000 to 70,000
years (depending on the size of the sample and
the experimental conditions). For periods of 5,000
years or less, and sample sizes of a gram or

bo’jee Joseph W. h4ictlels, Dating Methods in Archaeology (New

York: Seminar Press, 1973) for a general discussion of dating
methods.

Table 12.—Dating

more,61 the technique can determine the age of
a sample with a typical precision of +/-20 to +/-150
years. However, the use of radiocarbon tech-
niques for the more recent past (1 7th to 20th cen-
tury), for example to distinguish renovations from
original construction, requires special techniques.
Both natural and anthropogenic factors that have
affected the ratios of 14C to ‘2C make unambigu-
ous dating for this time period particularly dif-
ficult.

Beginning in the late 1970s, the use of particle
accelerators G2 have made possible what is called
direct, or ion, counting (as opposed to the con-
ventional decay counting) permitting reductions
in the size of the sample required for age deter-
mination of factors of 1,000 to 1 million.63 This
improvement makes possible the dating of ex-
tremely small samples that were impossible to
date several years ago. It also pushes back the
epoch for which carbon dating is possible by sev-
eral thousand years. It might even make possi-
ble the dating of European Paleolithic cave
paintings or prehistoric American pictographs
painted with organic pigment. However, this dat-
ing method also means that archaeologists must
institute new methods to prevent contamination
by historic materials (for instance, by packaging
materials).

blA[thOugh a gram of material seems small, some f r agmen ts  of
wood or other organic samples are a gram or smaller. Dating them
would therefore destroy them completely.

bzsee, for example,  Christopher Chippendale, ‘‘Radiocarbon

Comes of Age at Oxford,” New Scientist, July 21, 1983, pp. 181-184.
bJDecay counting methods typically require samples of a gram

or more of carbon. The newer methods require only micrograms
to milligrams of carbon.

Prehistoric Sites

Method Materials Range of time

Dendrochronology. . . . . . . . Wood O to 7,000 years
Radiocarbon . . . . . . . . . . . . .Organic materials (wood, O to 50,000 years

seeds, bones, shells)
Archaeomagnetic . . . . . . . . Ferrous-bearing material, O to 10,000 years

heated in the past (clay,
stone firehearths)

Obsidian hydration . . . . . . .Obsidian O to 10,000 years
Thermoluminescence . . . . . Ceramics, burned rocks, O to hundreds of thousands of

stalagmites years
Fission tracks . . . . . . . . . . .Volcanic glass, minerals rich O to several hundreds of

in uranium thousands of years
Potassium-argon . . . . . . . . . Volcanic lava 1,000 to 1,000 million years

SOURCES Joseph W. Michels,  Dating  Methods  in Archaeology (New York” Seminar Press, 1973); Tony Hackens  “How Science
IJnlocks  the Secrets of the Past, ” The Courier, July 1985, pp. 12-22.
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Archaeomagnetic Dating.—Archaeomagnetic
dating has been widely applied since the 1970s
but is still being perfected. It has been most use-
ful in the American Southwest, where dendrochro-
nology (tree ring dating) can be used for calibra-
tion. The method depends on the geophysical
fact that Earth’s magnetic field changes direction
and strength over time. When an iron-bearing
stone material (e.g., a fire hearth) is heated suffi-
ciently to release molecules of ferrous materials
within the hearth from their rigid molecular align-
ments, they become free to realign themselves
in the local magnetic field. That orientation is
fixed as the material cools. Comparison today of
the molecules’ orientation relative to the current
field direction (which is constantly changing) can
yield an estimate of the date at which the stone
archaeological sample was last fired.

The archaeomagnetic scientist maps a set of
magnetic pole positions over time based on sam-
ples of known ages. The unknown sample is then
related to this set. The accuracy of the dates
therefore depends on: 1) the rate of the magnetic
changes through time—the faster the change, the
more accurate the date that results from the com-
parison; and 2) how well one can collect and
measure the orientation of the remnant mag-
netism in the sample. Recently, the process has
become more sophisticated, and at the same time
archaeologists have become more rigorous in
their use of archaeomagnetic results.

Because archaeomagnetic dating requires in-
dependently derived master curves of change of
Earth’s magnetic field over time, the technique
cannot be applied to regions that have no exist-
ing master curves. Therefore, every effort should
be made to collect samples in these areas so mas-
ter curves can be developed. Unfortunately,
many archaeologists in areas lacking master ar-
chaeomagnetic curves are not attuned to the po-
tential of these samples, and because such sam-
ples will not help them immediately in dating
their sites, they tend not to collect them. How-
ever, if support were made available to collect
such samples, it would be possible to develop
a national archaeomagnetism database.

Archaeomagnetic dating techniques are a di-
rect outgrowth of the interests of geophysicists
in the magnetic history of the Earth. In ar-

chaeomagnetism, samples collected for archaeol-
ogy are useful to geophysicists trying to under-
stand the long-term behavior of Earth’s magnetic
field.

Soil Sciences, Sedimentology, and Geomor-
phology.–The set of techniques derived from soil
science, sedimentology, and geomorphology
have been recognized and applied by archaeol-
ogists for decades. Until recently, however, such
techniques have been invoked primarily to recon-
struct likely paleo-environments, Earth sciences
have been used to explain the unique prolifera-
tion of early people sites in East and South Africa,
the movements of Pleistocene hunter-gatherers
in glacial Europe, and the conditions favorable
to the emergence of agriculture in the Near East
and Mesoamerica.

More recent interests in processes of site for-
mation have expanded the domain of inquiry and
methodologies to the point where they can iden-
tify and often date modes of site occupation,
abandonment, and burial. Although such tech-
niques need a great deal of further research, sci-
entists can also explain what environmental proc-
esses cause certain sites to maintain integrity
despite weathering and the ravages of time. In
archaeologically rich areas, distinctive Iandforms
and soil layers identifiable by texture and color,
as well as soil chemistry, may serve as regional
benchmarks for locating the surfaces of sites, iso-
lating unique environments favored by particu-
lar ancient cultures, and for marking occupation
sequences over time.

Such methods, applied to understanding the
prehistoric case, may provide important data for
modern soil problems. For example, study of soil
productivity and soil salinity in ancient Mesopota-
mia may suggest techniques to apply for today’s
problems of increasing soil salinity in western ir-
rigated soils.64

The earth sciences have much to contribute to
the preservation and management of cultural re-
sources, in part because they involve study of the
interaction of natural and cultural resources. Be-
cause of this management potential, for exam-

GdDiane E, Gel burd,  ‘‘Managing Salinity: Lessons From the PM”

Journal of Soil and Water Conservation 40:329-331,  1985.
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ple in locating archaeological sites,65 an appreci-
ation of the benefits and liabilities of earth science
research is especially critical to Federal or State
managers of cultural resources. In particular, the
National Park Service and the U.S. Army Corps
of Engineers recognize the potential of geomor-
phology and soil science as integral components
of large-scale research design. In the future it will
be important to focus on the potential of the spe-
cialized approaches to particular archaeological
problems, such as soils sciences, in the interests
of maximizing overall research yield, boosting
efficiency, and addressing preservation issues i n
a systematic manner.

It will also be important to characterize more
completely the chemical constituents and chem-
ical interactions of artifacts, structures, and ar-
chaeological sediments.

Technologies for Underwater Archaeology

Individuals exploring the sea bottom have a
wide array of technologies at their disposal. Deep
water technologies such as tethered and free
roaming remotely operated vehicles (ROVs) and
saturation diving are exerting a profound effect
on data recovery in underwater archaeology and
maritime preservation.

Technical improvements involving the remote
detection of submerged cultural sites completely
covered by sand and other sediments would sig-
nificantly aid underwater archaeological research.
Refinements in such techniques as magnetome-
try, which would allow archaeologists to deter-
mine which sites to excavate and where to ex-
cavate within them, would benefit the entire
underwater archaeological process.

Scuba Diving.–Archaeologists make extensive
use of scuba diving equipment and techniques
for exploring and excavating sites in shallow
waters.

Deep Sea Diving.–The use of saturation divers
and deep-diving systems to collect samples at
depths totally unattainable to conventional divers

65L.  E. W/ildesen and Y.T. Witherspoon, “ L o c a t i n g  significant Ar-

chaeological Sites by Landform Analysis In Central Oregon, ” pre-

sented at the Northwest Anthropological Conference, April 1985,
Ellensburg,  WA,

has been a major technical innovation. Satura-
tion divers are now able to work at extreme depth
for prolonged periods. Bottom times are no
longer a function of depth, as they are with scuba
diving, and each dive can last for many hours in-
stead of minutes. Breathing an atmosphere of
mixed helium-oxygen, divers can attain depths
of over 1,000 feet, although decompression af-
terward may require several days. Habitats, lock-
out submersibles, and tethered deep-diving systems
deploy saturation divers to their destinations.

Remote/y Operated Vehicles.–ROVs were dis-
cussed earlier in the examination of technologies
for discovery. However, they have an important

‘\

Photo credit: Institute of Nautlcal Archaeology

A lifting balloon assists underwater archaeologists in
raising artifacts.
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role in gathering data, either using photographic
and video techniques, or collecting, samples.
Scorpio, a particular type of new ROV66 is now
being equipped with remotely controlled manip-
ulators. New ROVs are now capable of achiev-
ing depths of up to 13,oOO feet and are armed
with specialized work packages capable of clean-
ing oil rig platforms and recovering a vast array
of objects.67 The costs of ROVs are extremely
high, however (see Chapter 7: Preservation
Policy).

Underwater Excavation Technologies. -These
techniques range from the extremely simple, such
as hand-fanning, to the complex, such as con-
trolled blasting, and include the use of blowers,

‘ssJOndthan  6. TUCker, “submersibles Reach New Depths, ” High
Technology, February 1986.

6~he university  of New Hampshire owns possibly the most  ad-
vanced ROV, EAVE-EAST. It is autonomous and outfitted with five
microprocessors to sense data on altitude, depth, obstacles, and
power consumption. Research continues to impart greater dexterity
of manipulation and better systems for autonomy.

prop wash deflectors, air hammers, and chisels.
Excavation required in dark or “black” water can
be virtually impossible to carry out, even in rela-
tively calm, shallow water. Specially designed cof-
fer dams such as that being applied at the York-
town Archaeological park in Yorktown, Virginia,68

are improving the ability of divers to find their
way in heavily silted waters. In Yorktown, exca-
vation of an 18th century shipwreck is carried out
within a steel enclosure filled with river water that
is clarified by commercial filtration units. Normal
visibility in the York River is usually less than 1
foot. The filtration process increases the visibil-
ity inside the protective coffer dam to more than
20 feet, A pier connecting the dam to the shore
permits ready access to visitors who are encour-
aged to observe underwater archaeologists work-
ing at the site and to familiarize themselves with
part of the archaeological research process.

bsjohn D. Broadwater, Division of Historic Landmarks, York, VA,

personal communication, 1986.

Archaeology

1. Excavation is the last resort in archaeologi-
cal research.

Although the public generally associates exca-
vation of sites with archaeology, archaeologists
today generally consider excavation to be a last
resort, primarily because excavation severely dis-
turbs or even destroys a site and prevents later
reexamination and reinterpretation. For many ar-
chaeological research problems, the examination
of surface remains can yield information just as
critical for understanding prehistoric society as
excavation. In addition, rather than focus on the
site per se, archaeologists today generally view
their research in terms of regional, rather than
site, analysis. They excavate sites in order to in-
vestigate hypotheses generated for a regional con-
text, and investigate the climate, the zoology, and
botany of a region as well as its geology and ge-
omorphology.

This point of view represents a change from an
earlier approach to archaeology.69 In the first

bgDaVid  J. MelrZer,  et al. (eds. ), American Archaeology Past and
Future  (Washington, DC: Smithsonian Institution Press, 1986), for

place, not excavating leaves the remains in place
for future research as new techniques allow finer
and finer levels of analysis. In the second, tech-
niques are continually being developed that can
provide information about a site or area without
destroying it. In general, archaeologists need to
excavate less and record the sites they do exca-
vate more carefully .70 Not only should they rec-
ord the positions and kinds of artifacts more
carefully, they should record plant and animal
remains found in different layers of the soil, as
well as soil color and chemical makeup.

In addition, as archaeologists continue to in-
crease the amount of data recorded and materi-
als saved when excavating, it becomes propor-
tionately more costly to excavate. Therefore
technologies that reduce costs are becoming in-
creasingly important.

Nevertheless, excavation is often the only way
to gather sufficient information on an ancient cul-
ture. Advanced techniques can make the task of

several articles concerning the changes that have taken place in
the practice of archaeology in the United States in the last 50 years.

ZOE Harris, Princip/e$  of Stratigraphy  (London: Academic press,

1979j.
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excavation more efficient, more complete, and
more objective. Excavation methods have im-
proved over time and are increasingly designed
to preserve more of a given site from the destruc-
tion resulting from excavation.

2. Data recording methods should be im-
proved to make them more complete and
more objective.

New methods also allow archaeologists to
standardize the process of gathering data so they
are less prone to do onsite interpretation that
could lead to bias in their final results. Standard-
ization is especially important as other archaeol-
ogists cannot replicate the excavation of a given
site. Even sites that are similar and located in the
same geographical area are unique in many as-
pects. By contrast, the science of physics or as-
tronomy depends on the scientist’s ability to
check each other’s work by replicating crucial
experiments or observations.

Improvements are especially needed in tech-
nologies for constructing accurate three-dimen-
sional maps in the field in order to accurately
locate artifacts found on a surface or within a
room, because the exact placement of an artifact
may provide clues as to how it was used.

One simple, relatively inexpensive technique
for recording field data is to use bar code gener-
ators to produce bar codes in the field for the pur-
pose of characterizing artifacts. The bar code can
then be attached to the artifact for identification
in the lab.71 Recording the excavation with photo-
graphs or video cameras allows later interpreta-
tion in the laboratory. 7 2  O r t h o p h o t o g r a p h i c  t e c h -

niques, which allow recording of an excavation
by means of overhead stereo cameras, need to
be made cheaper.

3. Adequate samples should be collected for
later analysis.

Scientific methods for archaeology are now be-
coming sophisticated enough that it is profitable

‘-71 Bar code readers at-lcf  generators are now available even for

portable lap computers. Lap computers can also be used to record
data and for controlling processes in the field.

TZFor example,  color video technology, which allows one to see

changes in soil color as the excavation takes place may improve
the accuracy of interpretation of the site. Three-dimensional holo-
grams for recording excavation information might also improve the
excavation process.

to collect material such as soils, cores, and pro-
file peels, that might be analyzed later by micro-
techniques under development today. Some ar-
chaeologists have made and stored collections
of soils and cores, but this practice appears to be
the exception rather than the rule. Nor are such
procedures generally taught in field schools
today. Here again, archaeologists need to stand-
ardize the collection and recording of samples
so material from one site may be compared with
that from another.

Material from each excavation is unique from
a biophysical and biochemical point of view, so
the requirements of data collection at a site can
become very specific. Archaeologists are well
trained in recovering artifacts, but only relatively
recently have they begun to turn their attention
to the geological, biophysical, biochemical ma-
terial. They need experience in the relevant dis-
cipline to do this. It is otherwise too easy to make
mistakes in deciding exactly what to collect and
how to collect and process it. With advanced dat-
ing techniques such as radiocarbon, thermolumi-
nescence, and obsidian hydration, for example,
it is increasingly important to know more about
the surrounding biochemical environment, be-
cause techniques now in development use much
more sensitive equipment that can date much
smaller samples than in the past.

4. Remote sensing and other locational tech-
nologies can be used by looters as well as
professional archaeologists.

Unfortunately, the same remote sensing tech-
nologies that are available for preservation can
be used for increased looting of archaeological
sites because many of the data (e. g., the Landsat
data and most aerial photos) are available to the
public. As archaeologists improve their sophisti-
cation in remote sensing techniques, so too will
those who wish to exploit cultural resources for
personal gain.

This is particularly true for shipwrecks, given
the currently clouded legal situation vis-a-vis ti-
tle to submerged cultural resources (see Chap-
ter 7: Technology and Preservation Policy). As
long as salvers and artifact hunters are allowed
to recover the contents of shipwrecks in U.S.
waters they will employ a variety of advanced
technologies for finding shipwrecks and their con-
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tents. At this point, those who would protect
these aspects of U.S. cultural history are not gen-
erally finding these sites first and therefore can-
not protect them. In States where laws against
the looting of historic shipwrecks within desig-
nated waters are strongly enforced, improved
monitoring and surveillance equipment (see
Chapter 4: Restoration, Conservation, Mainte-
nance, and Protection) would aid underwater ar-
chaeologists and cultural resource managers in
developing strategies to safeguard shipwreck sites
from illegal intrusion.

Underwater Archaeology

1. underwater archaeology is highly depen-
dent on advanced technology.

More than any other preservation field, under-
water archaeology depends on a wide array of
costly techniques and equipment. Underwater
archaeologists confront a host of practical prob-
lems, even dangers, that their colleagues work-
ing on dry land do not. These problems relate
to underwater environmental conditions and in-
clude breathing, currents, cold, depth, turbidity,
and hostile marine animals; they also relate to
time limitations on research and the degree to
which remains might be buried beneath sedi-
ments or concretion.

The available technologies are generally ade-
quate to the preservation tasks but they are often
too expensive. In addition, only a small core of
professionals experienced in their use is available,
Future research should focus on developing more
sensitive, low-cost methods and instrumentation,
and on exploiting new sources of information.

2. A research design is extremely important in
determining the appropriate technology to
apply to the study of underwater cultural re-
sources.

In part because underwater archaeology is a
relatively new subdiscipline of archaeology, some
underwater archaeologists have given relatively
little attention to developing a detailed research
plan, or design. Yet, in the absence of a detailed
research design, including plans for curation of
excavated materials, the research project may fall
short of its investigator’s intent. Archaeologists

should not excavate unless they can ensure and
specify within a research design, that the mate-
rials recovered from the marine environment can
be properly housed, conserved, and maintained.

As one archaeologist has complained:

In the real world of shipwreck archaeology,
the commitment to excavation is developed be-
fore the conceptualization of a significant ration-
ale for doing it. This is understandable in a CRM
[cultural resources management] milieu, i.e.,
some sort of mitigation must be carried out on
a site threatened by dredging or other bottom
disturbing construction activities. This, however,
is actually rarely the case; usually an institutional
researcher has obtained money to excavate a
shipwreck, then he may or may not develop a
comprehensive statement on why he is going to
excavate it—but usually not.73

Historic Structures

1. Nondestructive analytical techniques need to
be developed for studying historic structures.

Given the pace of rehabilitation spurred by
preservation tax incentives and the sometimes
rapid degradation of some materials from air and
water-borne pollutants, the need for more power-
ful, nondestructive analytical techniques for de-
termining the nature, extent, causes, and results
of deterioration and failure of materials is criti-
cal. Currently, relevant technologies range from
relatively simple, inexpensive hand-held moisture
meters to sophisticated neutron/gamma-ray de-
tectors.

2. Knowledge of the behavior of historic build-
ing materials is insufficient.

Even many preservationists, architects, and
engineers have a relatively weak grasp of the
detailed behavior of historic building materials.
Recognition of the need for careful, scientific test-
ing and monitoring of such materials has emerged
only recently. The reactions of historic materials
exposed to certain environments have been mis-

TIDaniel  j. Lenihan  and Larry Murphy, “Considerations for Re-

search Designs in Shipwreck Archaeology,” Underwater Archaeol-
ogy: The Challenge Bdore Us, The Ptvceedings  of the Tweltlh  Con-
ference on Underwater Archaeology, Gordon P. Watts, Jr. (cd.) (San
Marine, CA: Fortran Eight, 1981).
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Photo credit: D. Dwornik, U.S. Geological Survey

Exfoliation of gypsum crust. Georgia marble baluster
after 75 years of exposure in Washington, DC. The
black crust containing gypsum is a result of sulfur

dioxide attack on marble.

understood, which has resulted in some serious
conservation problems today. Corrosive interac-
tions introduced into the environment through
new and not yet fully monitored industrial and
chemical processes are compounding these
problems,

In addition, many of the Nation’s historic build-
ings erected between the 1880s and early 1940s
were the results of intense competition among
product manufacturers, architects, and builders,
many of whom closely guarded the secrets of
their proprietary designs and processes. This was
a very active period in building. Because build-
ing materials were not generally tested, their
strengths and shortcomings were not fully under-
stood. Often, for example, the most easily carved

and, therefore, the least durable stones were
placed incorrectly at the tops of buildings or
within cornices where they became highly vul-
nerable to weathering. Poor construction meth-
ods, inadequate craftsmanship, and general cor-
ner-cutting were almost forced by timeframes and
budgets. The installation of incompatible mate-
rials in close proximity to each other has resulted
in serious problems. For example, oxidation both
stains and damages masonry in contact with iron,
steel, and copper. Also, changes over time in
building shapes toward flattened facades and pro-
files have all but eliminated highly effective mois-
ture-controlling design features such as project-
ing string and belt courses, pediments, and water
tables, “Most systems and products were devel-
oped through trial and error. It was an age of ex-
ploitation of building materials and systems. Un-
fortunately, we are left with that legacy.”74

The National Bureau of Standards’ Center for
Building Technology is applying some of the most
advanced technologies for characterizing the
microstructure and the physical, chemical, and
mechanical properties of organic, inorganic, and
composite building materials. They employ an ar-
ray of complex instruments (table 13) to deter-
mine and measure the mechanisms of the degra-
dation and decay of building materials.

3. Preliminary research into the physical his-
tory of the structure can focus the use of
technology.

Where construction and repair/rehabilitation
documentation has been retained, a search of
those records can give basic information on
which to build a technological testing program.
For instance, the names of quarries for the vari-
ous types of stone in many of the monuments lo-
cated in the Mall area of Washington, DC, came
from construction documents saved by the Army
Corps of Engineers and the National Park Serv-
ice. In a few cases, the specific vein at the quarry
could be identified. This information allows

74 See Baird M. Smith, “Diagnosis of Nonstructural Problems in
Historic Masonry Build ings, ” Conservation of Historic Stone Build-
ings, Report of the Committee on Conservation of Historic Stone
Buildings and Monuments, National Materials Advisory Board, Com-
mission on Engineering and Technical Systems, National Research
Council (Washington, DC: National Academy Press, 1982), pp.
212-214.
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Table 13.—Major Equipment of the
National Bureau of Standards’ Center for

Building Technology

● scanning electron and light microscopes
● X-ray diffractometer
● thermal analyzers
● ultraviolet visible and Fourier transform infrared spec-

trophotometers
● mechanical testing machines
Ž environmental cabinets
● accelerated weathering chambers
Ž gel permeation chromatography
● ion and gas chromatography
● digital data-collection systems
● minicomputers and microcomputers
● image analyzer

SOURCE: Office of Technology Assessment.

managers to use chemical testing much more spe-
cifically because the material has been so closely
identified before the testing starts.

4. The sharing of technologies can make more
advanced documentation and analysis of
historic structures available.

Gulf Islands National Seashore, for example,
has cooperative agreements with many Florida
State bureaus to carry out sophisticated exami-
nations on their historic structures.

5. Historic structures frequently include addi-
tions or have lost portions that reflect an on-
going process of use and change.

Technologies that can help to illuminate that
process of development over time by showing
where and how changes and additions have been
made will help to reveal the richness of social and
cultural change. The documentation and analy-
sis of those changes can also be used to commu-
nicate the story of the structure to a wider au-
dience through information developments.

6. Historic structures should be viewed and
analyzed in the context of their full setting,
rather than as single buildings divorced from
their milieu.

Thus, many of the techniques involved with
landscapes (see below) can be applied to struc-
tures and sites as well.

Landscapes

The survey of U.S. prehistoric and historic land-
scapes is still in its infancy. In part as a result of
the lack of adequate survey, the constituency for
locating and preserving significant historic land-
scapes has not yet developed fully, though it is
growing.75 An interdisciplinary team approach is
needed in which anthropologists, archaeologists,
architects, and historians work together with
landscape architects in conducting a broad-based
survey of American landscapes.76

There are three basic steps in identifying his-
toric landscapes:

1. identifying and accessing records of the
known resources;

2. identifying previously unidentified historic
landscapes; and

3. recording, storing, and augmenting the newly
acquired data.

After being identified (see figure 2), the signifi-
cance of the landscape must be evaluated against
criteria developed for the National Register of
Historic Places,77

Participants in this assessment raised the fol-
lowing issues related to the discovery and anal-
ysis of prehistoric and historic landscapes:

1. Public officials and individuals are often un-
aware of the value and significance of
historic landscapes.

Traditionally, historic preservationists have
worked from the grassroots. They have built lo-
cal constituencies that have insisted on the value
of a given structure or archaeological site and

zssee, for example, Eleanor M. Peck, Keith Morgan, and Cyn-
thia Zaitzevsky (eds.), Oimstedin Massachusetts: The Public Legacy
(Brookline, MA: Massachusetts Association for Olmsted  Parks, 1983),
for an example of a State inventory of a specific class of designed
landscapes.

TbO/mst&  Historic Landscape  Preservation Program: Guidelines

and Criteria for /mp/emerttation (Boston, MA: Commonwealth of
Massachusetts Office of Environmental Affairs, April 1985).

7Timothy Keller and Genevieve P. Keller, “How To Evaluate and
Nominate Designed Historic Landscapes, ” Nationa/ Register of
Historic P/aces Bu//etin  18, U.S. Department of the Interior, Na-
tional Park Service, in press.
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Figure 2.—Categories of Historic Landscapes

Treatment

Mary Washington House, Fredericksburg, VA
Residential grounds . . . . . . . . . . . . . . . . . . . . . . K # # GWSM, Inc.

The Garden Club of Virginia

Statue of Liberty, New York, NY
Monument grounds . . . . . . . . . . . . . . . . . . . . . . . H z Y Norman T. Newton

National Park Service

Original Governor’s Mansion, Helena, MT
Public building grounds . . . . . . . . . . . . . . . . . . . < ~ Richard E. Mayer

Montana State Parks Division

Stratford Garden Restoration, Potomac River, VA
Garden . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ti ~ ~ GWSM, Inc.

The Garden Club of Virginia

Minor public grounds Pioneer Square, Seattle, WA
(e.g., town square, parklet, traffic circle) . . . . . ~ / Jones & Jones

City of Seattle

Sannonburg Gardens, Canandaigua, NY
Botanical garden . . . . . . . . . . . . . . . . . . . . . . . . . H ~ H Noredo A. Rotunno

Sannonburg Gardens Committee

Fort Stanwix National Monument, Rome, NY
Fort . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ ~ H Dureya & Wilhelmi, P.C.

National Park Service

Rosebud Battlefield, Montana
Battlefield . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . / / / Richard E. Mayer

Montana State Parks Division

Cemetery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Cemeteries, New Harmony, IN/ f l Kane & Carruth, P.C.

Main Street Project, Hot Springs, SD
Streetscape. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-

Preservation/Urban/Design, Inc.
National Trust
Chicago Mid-West Office

Gamble Plantation, Manatee County, FL
Estate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H ~ / Lane L. Marshall & Associates, Inc.

State of Florida

Cherokee Park Restoration, Louisville, KY
Park . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . # # / Johnson, Johnson & Roy, Inc.

Louisville Metropolitan Park & Recreation Board

Old World Wisconsin, Eagle, WI
Working farm . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ e William H. Tishler

State Historical Society of Wisconsin

Museum village . . . . . . . . . . . . . . . . . . . . . . . .
Williamsburg, VA
Shurciiff, Hopkins, Parker, Barton & Belden —

Staff Landscape Architects
Colonial Williamsburg Foundation

Heritage Square, Los Angeles, CA
District. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . < # # Merrill W. Winans

Cultural Heritage Foundation

Town . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . / Town of New Harmony, New Harmony, IN
/ H Kane & Carruth, P.C.

Cahokia Mounds, near East St. Louis, IL
Prehistoric site. . . . . . . . . . . . . . . . . . . . . . . . . . . / / Edward J. Keating

Illinois Department of Conservation

Survey Olmsted Parks System, Buffalo, NY
Patricia M. O’Donnell

Park system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . / # / Highways, Parks & Recreation Historical
Preservation Division &
Landmark Society of the Niagara Frontier

SOURCE: Landscape Architecture, January 1981
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sought State or National help in preserving it.
However, in landscapes, the local constituency
that identifies landscape value often do not ex-
ist, in part because adequate information is not
available. For example, in the case of designed
historic landscapes, most people are unaware
that they were designed, and why it may be im-
portant to maintain the integrity of that design.
For cultural or vernacular landscapes, the local
constituency may appreciate their significance
the least just because they are so familiar.

Where a constituency has developed, it has
often acted to enlarge the scope of historic dis-
tricts. For example, in Jefferson County, Ken-
tucky,78 a site consisting of a few farm houses and
auxiliary buildings was nominated to the Regis-
ter. However, the local people realized that the
houses had little to do with the significance of
the area. They considered the agricultural pat-

l7terns, the associations of the families the stone-
work, the fences, and other components as sig-
nificant. The local people, working through their
certified local government (CLG), did the research
necessary to expand the scale of the nomination
to a 400-to 500-acre district. The landscape ele-
ments became major components imparting sig-
nificance to the district.

As citizens become more aware of the influ-
ence of historic landscapes in their lives and land-
scapes’ importance to the history of the Nation,
local nominations to the National Register of
Historic Places are likely to increase in number
and size.

2. Landscape records are often poorly stored
and cataloged.

One of the important components of survey-
ing the States for additional significant historic
landscapes is to be aware of those already cata-
loged. Unfortunately, the state of knowledge of
sites so identified is quite poor; until quite re-
cently, it was not possible to use even the Na-
tional Register of Historic Places as a source to
compile a list of significant landscapes because
the Register does not list them as landscapes but
as structures, if at all. In many cases, landscapes
are included on the National Register by virtue

7aTirnothy  Keller, Lan(j  and Community Associates, perSOnal Com-

munication, 1986.

of the fact that they are settings for historic struc-
tures. In some cases, the landscape may have
greater significance than the structure.

The contents of the National Register are now
in a computer database, which should make it
possible to locate nearly all landscapes listed in
the National Register. Improving local and na-
tional databases and making historical data gen-
erally more available should improve the qual-
ity and extent of landscape preservation.

3. Landscape study is highly interdisciplinary.

The study of prehistoric and historic landscapes
requires the use of a variety of information sources,
including folklore, oral history,79 historic maps,
drawings, and paintings, climate information, tax
records, and ethnohistorical accounts. Analysis
draws on a variety of techniques, including so-
ciological techniques, environmental design, and
a variety of geographical techniques developed
for the analysis of land cover and Iandforms. This
characteristic is one of the strengths of landscape
preservation. Because landscapes often transcend
political boundaries, they may be profitably stud-
ied on a regional, as well as multidisciplinary, ba-
sis. The study of landscapes and the study of ecol-
ogy both share such a regional scope.8o

4. Landscapes are subject to a variety of stresses
that change their condition and character over
time.

Because landscapes can change so radically
over time as a result of urban development, the
growth of bushes and trees, and wind and rain
erosion (see Chapter 4: Restoration, Conserva-
tion, Maintenance, and Protection for discussion
of such stresses), it may be extremely difficult to
locate the full extent of cultural and historic de-
signed landscapes in the midst of radically altered
surroundings and successive changes. Landscapes
may either increase or decrease in significance
depending on their integrity and surroundings.

Zgsee, for example,  Mary Hufford, “Culture and Cuhivation of

Nature: The Pinelands National Reserve, ” Fo/k/ife  Annua/ 1985
(Washington, DC: Library of Congress, 1985).

BOFor  example,  several rivers that start in the Blue Ridge Moun-
tains of Virginia empty into the Atlantic in North and South Caro-
lina. The environmental problems caused by human use of these
rivers are indeed regional.
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One of the biggest technical problems in un-
derstanding cultural landscapes is that different
cultural components of the same landscape are
generally associated with several different periods
of history. Both cultural and ecological factors can
cause irreversible changes that further complicate
study of the landscape. Disentangling these vari-
ous components and understanding how different
ages shaped the landscape to fit their purposes
can be a formidable task. Unless researchers can
untangle the various components of different
periods it is nearly impossible to reconstruct a
landscape perfectly for any one period.81

For example, one study82 of the historic land-
scapes around Mont Dardon in southern Bur-
gundy found that the pre-Christian era Celts re-
sponded to the land much differently than their
Roman conquerors, who altered the landscape
to suit their military needs, The Celts preferred
to live on the more easily defendable heights, but
the Remans forced them to move into the val-
leys where their army could control them more
easily. Inhabitants from the Middle Ages and the
modern periods in their turn dramatically altered
the Roman landscape. Even in North America,
where written records are only a few hundred
years old, cultural manipulation of the landscape
may involve many different cultures extending
more than 10,000 years into the past.

5. Appropriate application of existing technology
is important.

The locations of many designed gardens or
parks are known because they are part of local
lore. However, they may be buried, or so altered
in appearance that they are unrecognizable. In
these cases, landscape architects and historians
employ well-known, standard archaeological and
historical research techniques to determine their

61 For example,  17th century Salem, MA, had structures and land

use patterns which originated in, and were characteristic of, the
16th century.

f3ZCarole L. Crum  Icy, “Archaeological Reconnaissance at Mont
Dardon,  France,” Archaeology, May-june  1983, pp. 14-17, 20; and
Scott L.H, Madry, “Remote Sensing in Archaeology, ” Archaeol-
ogy, May-June 1983, pp. 18-19. They used remote sensing and com-
puter analysis, as well as traditional historical and archaeological
research methods, to investigate the patterns of two millenia of set-
tlement and land use in the area. Their goal was to illuminate the
ways in which different cultures have defined and used the local
landscape.

original extent, form, and contents. For example,
the existence of the terraced garden associated
with the Paca House, the winter home of Wil-
liam Paca, one of the signers of the Declaration
of independence, in the city of Annapolis, was
well known from 18th century historical ac-
counts. However, when restoration of the Paca
House began in 1965, the original garden was
buried under a parking lot and only a few details
of its extent, form, and contents were provided
in these writings. No drawing of the garden ex-
isted. The current Paca garden is a conjectural
reconstruction developed from detailed archaeol-
ogy of the immediate area and considerable his-
torical research on the types of flowers, shrubs,
and trees that Paca would have likely planted .83

6. The techniques appropriate to different size
landscapes are different.

Cultural Landscapes.–Computer modeling
and remote sensing techniques provide a power-
ful set of tools for the interpretation and evalua-
tion of cultural landscapes, which may extend
over hundreds or thousands of acres. An impor-
tant goal of the investigator of a prehistoric or
historic landscape is to be able to “read” the
landscape for the clues (or signatures) it gives to
the relationships human societies bear to the land
and how they interact with and alter it over time.
Technology can aid that process by making the
varieties of information about landscapes much
more accessible. Such systems can be used to
plot the potential changes to a landscape as a re-
sult of plant growth, grazing, forestry, and other
temporal alterations of landscape components.

In discussing the use of such advanced tech-
niques, participants in this study noted that many
administrators who control the purse strings re-
gard GIS, remote sensing, and other advanced
methods as expensive, yet for large areas, it can
be one of the cheapest methods for gathering
data, especially because it allows access to in-
formation impossible to retrieve in any other way.
public administrators need to understand how re-
mote sensing may be cost-effective in certain ap-
plications. They also need to understand the limi-

83Bill McDougald, “william Paca’s Colonial Garden, ” Southern
Living, May 1984.
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Wiiiiam Paca House and Garden, Annapoiis, MD

Photo credit: Ray A. Williamson

After being buried under a 200-room hotel, a parking lot, and bus station, this 18th century garden was restored in the
1970s based on the results of careful research by archaeologists, architects, landscape architects, and historians.

tations of such technology in order to avoid
applying it inappropriately.

Designed Landscapes.–For historic parks,
gardens, and other designed landscapes, remote
sensing and GIS find less application. Searches
of historical records and traditional archaeologi-
cal and botanical techniques are the techniques
of choice. Many of these techniques may be im-
proved through the innovative use of computer
hardware and software. (See, for example, Chap-
ter 5: Preservation In formation.)

Historic landscape analysis and evaluation also
require the identification, study, and retrieval of
historic plant types. Identifying the plants appro-

priate to a given historic period and region is one
of the major tasks facing landscape preserva-
tionists. Their task is complicated by the fact that
plant taxonomies have changed radically over
time. In addition, thousands of varieties of trees,
shrubs, and plants have been introduced into the
United States from other parts of the world over
the past 200 years. Certain varieties, such as the
American chestnut, have virtually died out. Fi-
nally, locating historic varieties is rendered more
intricate by the fact that many varieties now sold
are hybrids. There is a critical need to develop
appropriate databases on the types of plantings
used in historic times, and current sources of
historic plant stock. There is also a strong need
to encourage growing the stock itself.



      

Ch. 3—Research . 79

Photo credit: Jon D. Findley

Cultural landscape: the Findley Homestead, Dallas County, lowa, early 1980s.

7. Qualitative techniques have an important
role in the study of landscapes.

In analyzing a landscape for such purposes as
restoration or park redesign, it is important to be
aware of the varied cultural values of the local
citizens. Qualitative anthropological or historical
techniques, such as interviewing, can be used to
understand the values of the different constitu-
encies to relate them to the needs of the entire
community. For publicly owned landscapes, such
techniques applied in conjunction with those of
the landscape architect or designer may signifi-
cantly enrich the quality of the preservation ef-
fort .84

————————
  S.  “Environmental Quality Points: A Land

Management System, ” Landscape Architecture  

1985,    a more complete treatment, see Scott  

berg ,   Quality Points, ” manuscript, School  
 mental    Georgia, 1985.

8. Known technologies can be adapted for
computer and other applications.

One of the major tasks facing landscape preser-
vationists is to adapt known technologies to new
settings. For example, the use of pin bar registra-
tion techniques to produce overlays is well
known to architects and landscape architects.
Such overlay drafting techniques allow landscape
architects to produce different drawings for differ-
ent landscape components (e.g., structures, walls,
trees, and shrubs) and then overlay them on one
another. Because they are line drawings, pin bar
drawings can easily be digitized for manipuIation
in a minicomputer or microcomputer using com-
puter-aided design software. They can be used
to compare historical drawings with the current
condition of the landscape. With the computer,
and the appropriate software, it is possible to vary
the scale, add and subtract components, and
print out the results on a variety of printers.


