Remote Sensing
and Non-Destructive
Archeology

Edited by
Thomas R.Lyons ane James |. Ebert



REMOTE SENSING AND
NON-DESTRUCTIVE
ARCHEOLOGY

edited Dby

Thomas R. Lyons and James 1. Ebert

Remote Sensing Division
Southwest Cultural Resources Center
NAT IONAL PARK SERVICE
and
UNIVERSITY OF NEW MEXICO
Albuquerque

1978

Cultural Resources Management Division
NATIONAL PARK SERVICE
Washington, DC



ACKNOWLEDGEMENTS

We would like to express our thanks to a number of our
colleagues who, while they did not directly author the papers
appearing in this volume, contributed immesurable in their
preparation. These include Carol Stout, Gretchen Senter
Obenauf, LouAnn Jacobson, and Marita Brooks.

Design by Jerry L. Livingston

ii



Proceedings of a Symposium on Cultural Resources Management
and Remote Sensing at the 46th Annual Meeting of the
Society for American Archaeology

Tucson, Arizona

May L-6, 1978

CONTRIBUTORS

Galen N. Brown
Dwight L. Drager
James I. Ebert
Thomas R. Lyons
Douglas H. Scovill
Cordelia T. Snow

iii



CONTENTS

INTRODUCTION by Thomas R. Lyons
and James I. Ebert ...ciieiieeieeeceeenosencsecosscsssosancsccneans

NON-DESTRUCTIVE ARCHEOLOGY AND REMOTE SENSING:
A CONCEPTUAL AND METHODOLOGICAL STANCE
by Thomas R. Lyons and Douglas H. Scovill .......cciieeiennnnn.

The concepts of a non-destructive approach to
archeology, which will be of increasing import as cul-
tural resources management responsibilities mount in this
country, are outlined and their scientific credibility
explored. While archeology has long relied on techniques
which disturb and often obliterate prehistoric remains,
research and applications of remote sensing have led to
advances which make a non-destructive orientation both
feasible and efficient. The converging professional,
managerial and technological currents which influenced
the development of this stance are defined, and the impact
of its methodological concepts on the conduct of research
and cultural resource management are identified.

REMOTE SENSING AND LARGE-SCALE CULTURAL RESOURCES
MANAGEMENT by James I. EDErt .ueieueeweeeenneenneeancnaneennnnn

Recent trends in cultural resources management,
including increasingly large areas to be surveyed and
ever-greater concern with reducing the destruction of
cultural resources by archaeologists as well as the
public, require that new methods of planning, assessment,
monitoring and research be devised and applied nationwide.
One domain. of such methods is remote sensing, which can
increase efficiency, speed and data extraction at all
stages of archeological research. Remote sensing methods
which will revolutionize cultural resources management
in the near future will be discussed in the context of
a National Park Service assessment of the 23-million
acre National Petroleum Reserve in Alaska.



AUTOMATED DATA PROCESSING OF DIGITAL AERIAL
IMAGERY IN CULTURAL RESOURCES SURVEY
by Dwight Ls DYXagey sssssussesssiss anensss aasanesss 66sews e 5sss

The advent of large area cultural resources surveys
has demonstrated the impracticality of ground-based
techniques for mapping environmental variables in pre-
paration for archeological survey of sample units. This
paper discusses photographic densitometry as it applies
to image digitization and multi-spectral data. Factors
that affect photo densities are pointed out as well as
methods for acquiring data. Once obtained, digital data
can be processed to aid cultural resource managers
with such things as the formulation of sampling procedures,
environmental mapping, site location, and other aspects
of assessment and management.

ECOLOGICAL MAPPING FOR PURPOSES OF SAMPLE

STRATIFICATION IN LARGE-SCALE CULTURAL RESOURCES

ASSESSMENT: THE NATIONAL PETROLEUM RESERVE

IN ALASKA by Galen N. Brown and James I. Ebert ................

Both Federal policy and archeological practice
have .often called for "inventory survey" as a viable
first stage in cultural resources management efforts.
As assessment and conservation efforts increase in
number and especially in size, however, it becomes
apparent that finding each site is impossible; nonetheless,
some idea of the nature and distribution of sites is
necessary for the planning of subsequent mitigation,
conservation and research. This problem can be solved
through the application of a multi-stage sampling design
based on environmental stratification. Remote sensing
methods, which provide an efficient means of such
regional stratification, are discussed.

REMOTE SENSING MONITORING OF IMPACT ON CULTURAL
RESOURCES by Cordelia ThOMAS SNOW «ececeereneecaroancceanncenns

A principal foucus of cultural resources management
is the conservation of sites and materials, whenever
possible, so that the data they contain may be available
for future study. Although it has been obvious from

vi



:he beginnings of archeological science that post-
depositional cultural processes are to a great extent
responsible for the preservation and form of prehistoric
data when they are discovered, contemporary changes

in the form and information content of cultural resources
are often difficult to measure. Remote sensing techniques
provide a means of monitoring subtle changes in cultural
resources which may affect scientific conclusions

drawn in the future; methods by which such monitoring

can be efficiently applied over both short- and long-range
time periods are outlined.

vii



INTRODUCTION

Cultural resources management, while without question a legally
and economically valid pursuit today, is still for the most part
without a workable body of method. A methodology, the ways in which
a discipline proceeds in the treatment of its subject matter, must
grow from technology, and we believe that the foundations on which
a viable cultural resources methodology can be based are to be
found at least in part in remote sensing. Furthermore, the unique
nature of remote sensing techniques -- their capability to measure
without directly disturbing physical objects -- allows an additional
step, beyond methodology, toward the formulation of a philosophy
of non-destructive cultural resources management.

The Remote Sensing Division is a joint office of the National
Park Service and the University of New Mexico, and one of its
primary objectives is the development of remote sensing techniques
to increase the accuracy, economy and efficiency of cultural re-
sources data collection. This development research is carried out
in conjunction with actual remote sensing applications to current
National Park Service cultural resources management problems in
close coordination with the Cultural Resources Management Division.
Its ultimate goal, however, is to devise techniques with general,
nationwide application. Discussions of specific National Park
Service projects contained in this volume are included in such a
context, and it should be noted that these papers detail Remote
Sensing Division activities and opinions and not necessarily those
of other National Park Service project personnel.

The development of new techniques and methods is useless if
these are not communicated to cultural resources managers and the
scientific community at large, and it is for this reason that the
papers contained in this volume are being presented in a general
session at the 43rd annual meeting of the Society for American
Archaeology in Tucson, Arizona, as well as distributed in printed
form.



NON-DESTRUCTIVE ARCHEOLOGY
AND
REMOTE SENSING:

A CONCEPTUAL AND METHODOLOGICAL STANCE
by

Thomas R. Lyons
and
Douglas H. Scovill

INTRODUCTION

Under the aegis of the National Park Service's internal
Cultural Resources Management Program, we are in our ninth year
of a systematic and progressively more sophisticated project
concerned with applications of remote sensing methods and
techniques to the exploration, discovery, recording, evaluation,
investigation, monitoring and management of cultural resources.
We are now at the point at which we have put forth some results
of our collective labors (Lyons 1976; Lyons and Hitchcock 1977)
and have developed a methodology of "Non-destructive Archeology.”

The objectives of this paper are threefold:
First, to define and describe our concept of non-
destructive archeology.

Second, to discuss the methods, procedures and
techniques upon which it is based.

Third, to identify the impacts of the concept on
the conduct of research and on the management of
cultural resources.

Our thesis, in brief, rests on the following position,
Archeology is a science of the human past. The history of its
practice demonstrates a continuous effort in the development,
application and refinement of the scientific tools of observing,
measuring, recording, classifying, analyzing, testing, defining,
theorizing and explaining. The existing limits in the capabilities
of each of these scientific tools constrain our capacity and our
effectiveness in research into the human past. One set of tools



that currently limits us is the traditional methods and techniques
of observing, measuring, recording, analyzing and testing the
physical attributes of the archeological record and the natural
milieu within which that record exists.

The basis of modern archeology has rested on a weak founda-
tion for decades: that of its concepts, methods, and techniques
of observing, collecting and recording its basic data. Consider
the following (admittedly jingoistic) description of how we
currently go about these tasks:

Frequently, archeologists still in training and with
varying degrees of professional accomplishment and
observational prowess walk the ground on site surveys.
They visually search for, discover and concurrently
assess, sift and select a highly limited number of
physical attributes deemed to be adequately descrip-
tive and representative of rather obvious classes of
archeological and natural phenomena. They record
mentally massaged observations of these physical
phenomena in summary fashion in logs, diaries and on
printed forms, using imprecise terminology and syntax
in an often undecipherable scrawl. They plot site
locations with Brunton compass accuracy, a technique
that often precludes rediscovery and positive identi-
fication of them at a future date. From this process
comes a highly personalized statement about the
archeology of an area and the natural envircnment, a
statement that invariably concludes more surveying,
more collecting and more excavating of the resources
are required.

Moreover, it is our assumption that the process of tromping over
hill and dale using the limited observational capacity of the
human senses, progressively dulled by growing fatigue as the days
and weeks wear on, results in the following:

1. A mixing of the raw data and interpretation of

that data -- to the extent that one becomes
substituted for and indistinguishable from the
other.

2. The inability of subsequent investigators to
replicate the observations of the original
investigators with any level of confidence.



3. An imprecise, low quantity, low quality, often
frustratingly incomplete, record of limited
use to future investigators.

4. Because of the physical limits of human obser-
vational capabilities, the failure to discover
and thus, to record, entire classes of archeo~
logically-relevant data and data relationships,
and the failure to accurately and adequately
record synoptic observations of the site(s)
or of the territory covered.

We believe that there is an alternative to the traditional
approach to archeological exploration, discovery and investigation
-- an alternative that does not rely primarily on the use of field
survey parties and field excavation as tools for determining the
content and data potential of sites or areas of study. And we
hold that there are substantially better ways to document obser-
vations and to record data accurately. The alternative is non-
destructive archeology; its major method is remote sensing. We
now turn to a discussion of its basic elements.

NON-DESTRUCTIVE ARCHEOLOGY

The non-destructive approach to the exploration, discovery
and investigation of cultural resources uses a wide variety of
pre-fieldwork research techniques. These techniques include
collection, evaluation and analysis of data, and the planning
of the overall research project. The non-destructive approach
emphasizes the acquisition and sophisticated analysis of a variety
of remotely sensed imagery and data as the primary tools of
exploration, discovery and recording. It uses fieldwork (survey,
collecting and excavation) primarily as a method of verifying,
validating and testing the results of the pre-fieldwork research.
And finally, it demands sound logistical planning, based on
the pre-fieldwork research, as a condition precedent to the
initiation of field studies.

The objectives of the pre-fieldwork research are to develop
a synoptic understanding of the biosphere, geosphere and archeo-
sphere of the site(s) or area(s) under investigation as a basis
for designing research and logistical plans. In developing the



synoptic view, the traditional approach of literature and site
records search and evaluation, analysis and evaluation of
available biosphere and geosphere data is buttressed by a search,
evaluation and analysis of available remote sensor data. From
this process the gaps in available data necessary to obtain

the synoptic understanding of natural and cultural resources of
the area of interest are identified and a systematic plan to
acquire the data is formulated and executed. An assumption borne
out by our experience of nine years is that when data gaps

exist, the most rapid and cost effective way to fill them in
will be through the use of remote sensing methods and techniques.

A complete and thorough analysis of all pre-fieldwork data
should be made, including the identification from imagery and
other remote sensor data of cultural features as well as of all
anomalies that might be cultural features. The analysis should
be thorough enough to allow the articulation of the fieldwork
research design, including accurate logistical planning, scheduling
and coordinating of field parties. Field procedures should be
specified, terminology and field records standardized, and project
staff trained to execute the work as planned. The field research
design at this point emphasizes the confirmation, modification
or rejection of the pre-fieldwork analysis, but without the use
of test excavations or the collection of artifacts. The use of
collecting or excavating techniques should be considered when
and only when the non-destructive procedures for data collection
and analysis have been exhausted and then only if testable pro-
blems have been formulated and identified.

We hold that collecting and excavating are tools of testing
and verification, not tools of discovery, identification, or site
or area exploration. The non-destructive approach makes the
maximum use of predictive and confirmative sampling strategies
and techniques. It sets stringent, defined limits in field
research designs on the collection of artifacts, on the conditions
under which excavation will occur, and on the extent of the
excavation.

In non-destructive archeology, the use of field survey, with
its direct observing and recording of on-the-ground cultural and
natural phenomena by the human senses, is recognized as an essen-
tial ingredient of data collection, but not as a primary means of
collection. The field survey is judged as an unreliable, in-
effective and inefficient tool of data ccllection if it is not
preceded by and systematically integrated with the pre-fieldwork
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research and logistical planning approach described above. The
function of fieldwork is to verify and validate the findings of
the pre-fieldwork studies -- not to explore, discover and record
the cultural and the natural resources of the study area. It
uses the traditional techniques of artifact collection and
excavation to resolve the real issues based on testable problems
rather than as an assumed sine qua non of "standard" field
method.

In summary, then, we see five significant differences between
the non-destructive approach to data acquisition and research
in archeology and the traditional approach:

1. Sophisticated use of remote sensing imagery and
techniques as the primary tool of acquiring,
recording and analyzing data.

2. Rejection of collecting surveys and excavating as
sine qua non tools of exploration, discovery and
investigation of cultural resources.

3. Emphasis on fieldwork as being primarily the
verifying, validating and testing phases of
the project.

4. Acquisition of a synoptic data base as an essen-
tial ingredient to the development of specific re-
search designs to resolve testable problems and
as the basis for completion of the logistical
planning, scheduling and coordinating of field-
work.

5. Use of processed remote sensor imagery as the
basic archival record of the cultural and natural
phenomena, the "human" sensed data being only a
supplementary record.

METHODOLOGY OF NON-DESTRUCTIVE ARCHEOLOGY

Instrumentation

From the standpoint of instrumentation (that is, data



recording devices) advances in remote sensing are comparable
to developments in optical physics. They provide a new
perspective -- the synoptic as contrasted with the atomic
view, the synergistic as well as the particularistic view

of site-specific investigations. The potential of remote
sensing for discovery and analysis is now as great as that
of the new eyes on the universe provided by the optics of
the telescope and the microscope.

Multidisciplinary Applications

Remote sensing has broad multidisciplinary applications
to geology, geomorphology, biology, pedology, hydrology and
climatology, as well as to anthropology. Coupled with the
concept of non-destructive archeology, it provides a perspec-
tive that is indispensible in today's study of mankind, our
past, our spread through time and space, and human cultural
behavior and development. It has the capability for quanti-
fication of the human cultural activities and historic mani-
festations so intimately related to the geosphere and
biosphere. The remote sensing perspective provides not only
the synoptic overview otherwise unobtainable, but more
importantly, a synergistic grasp of observed physical and
cultural phenomena (Lyons and Avery 1977:53). This perspec-
tive is becoming more and more essential in the formulation
of evaluation and monitoring schemes for the research into
and administration of cultural as well as natural resources.

Aerial Imagery and Data

Many of the techniques of remote sensing are now operative,
some are in the process of development, others are still on the
drawing board. Photography and other types of imagery recorded
from aircraft and spacecraft platforms are among the best under-
stood and most useful products of remote sensing. Multispectral
scanning systems ultimately hold the greatest promise for
quantitative data handling and widespread use in anthropology as
well as in other disciplines. Another technique to be studied
further and made fully operational is automated data processing
of digitized multiband photography and multispectral scanner
signal output.



With the aid of data derived from spacecraft, aircraft,
balloon and bipod platforms regional and site-specific analyses
can be made. Obviously, regional overviews and studies of
cultural resource areas can be undertaken with small scale
imagery (Ebert et al. 1977; Schalk and Lyons 1976). This
would include mapping and analysis of the environmental setting;
that is, the differentiation of vegetative zones, physiographic
regions, gross soil changes, etc. Using this base and armed
with an understanding of the type and distribution of sites
within a target area, the investigator can formulate predictive
models for site and site cluster locations.

A most important remote sensing technique is the interpre-
tation of multispectral scanner and photographic data and imagery.
One of the most widespread applications of interpretation lies
in reconnaissance. With minimal training, field crews can employ
stereo pairs or models to determine the location of sites during
ground survey (Loose and Lyons 1976). Even the locations of sites
that are not themselves visible on the imagery can be identified
as long as the crew is capable of reading topography, identifying
its own location on the photos and marking its relationship to
the discovered site. This identification of sites is not the
only value of image interpretation, however. For further discussion
see Lyons and Avery 1977:62-65. Another type of aerial photo
useful in field surveys is the orthophoto, an aerial image derived
from stereo models in which all elements in the physical environ-
ment are in corrent horizontal relationship to one another (Lyons
and Avery 1977). Such orthophotographs can be of considerable
use in both small and large areas, within sites and between sites
and site clusters. Such imagery is also of great value in trans-
ferring site locational data and environmental information to
base maps (Morris and Manire 1976). Standard base maps of the
USGS topographic quadrangle type contain a minimal amount of
vegetative and drainage data compared to what is observable in
an aerial photograph. Much of this kind of information is
readily observed on imagery and easily transferred to the
standard quadrangle or other base maps.

Aerial photography and space imagery are excellent tools
in the preparation of sampling and stratifying procedures. The
identification of the region of interest and the determination
of its general physiographic, vegetative cover and site type
characteristics provide a base map for the development of a
sampling technique and for stratifying procedures. For many
years, workers in other disciplines have mapped vegetative



cover with the aid of aerial photography. Recently, vegetative
cover maps of portions of the Alaskan North Slope and the arid
Southwest have provided the environmental information necessary
in cultural resource identification and location, evaluation
and monitoring (Schalk and Lyons 1976; Brown and Ebert, this
volume). Vegetative communities are often identifiable on
color or color infrared aerial photographs of proper scale.
Gross vegetative cover can be identified and mapped from high
altitude or space imagery. It is also possible, of course,

to monitor vegetative change both seasonally and annually with
the proper type of aircraft or spacecraft imagery (Drager 1977;
Ebert 1977). Some regions lend themselves particularly well to
soil mapping. The Southwest is one of these. Different soils
frequently manifest themselves in the types of vegetation they
support, in the color they present, and in the manner in which
they erode. Consequently, soil studies can be made when the
objectives are identified and specifications for the data
gathering determined. Both low altitude photographs, and
spacecraft and higher altitude aircraft imagery can be employed
to this end. It should be remembered, however, that the objec-
tives of the mapping effort are the determining factors in the
selection of instruments, scale, format and film emulsion type.
When vegetative cover studies have been completed, soil maps
derived, and archeological survey information compiled, a
foundation is provided for paleoenvironmental reconstruction.
In addition, evidence of geomorphological features, such as dry
lake beds, lake terraces, ocean strandlines, extant and fossil
stream patterns, living and fossil springs and glacial features
can be acquired. For this purpose various types of aerial
imagery provide some of the best investigative tools.

Photogrammetry

Aerial and terrestrial photogrammetry are excellent measure-
ment tools for documenting all types of historic and prehistoric
sites with great detail and accuracy. Using aerial stereo models
of sites (produced with preset horizontal and vertical controls),
planimetric and topographic maps of a wide variety of scales
and contour intervals can be constructed (Pouls, Lyons, and
Ebert 1976). As a practical example, a scale of 1 in. to 30
ft. and a 6 in. contour interval were specified for Hidatsa
village sites along the Knife River in North Dakota. A great
deal of archeological information was derived, not only from
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examination of the villages, but also from interpretation of
the topographic configuration of the photogrammetric contour
map. Such maps are useful in pre-excavation evaluation of
sites, in recording excavated features and in post-excavation
analysis (Obenauf 1978).

Another capability of aerial photogrammetry used in studies
of Anasazi ruins in the Southwest is the digitization of site
features. Digitization consists of obtaining the x, y and z
coordinates, that is, the horizontal and vertical relationships
of the junctions and vertical breaks along walls in ruins, and
punching the data onto computer cards for printouts and evalua-
tion. With the aid of existing computer software this quantita-
tive base can then be employed in developing floor plans, three-
dimensional perspectives, reproductions, and cross-sections or
profiles (Pouls, Lyons and Ebert 1976).

Currently, there is an experiment underway in which we are
attempting to combine such data with field-derived data from the
excavation of Pueblo Alto in Chaco Canyon National Monument,

New Mexico. The field information consists of the calculations
of the volume of fall rock from the excavation of this masonry
structure. With this guantified data base (that is, the measured
volume of fallen construction material and the digitized infor-
mation on standing walls), together with complementary information
acquired on site by the excavators, it is possible to make a per-
spective drawing of the structure. Utilizing computer graphic
techniques permits greater accuracy and a higher level of confi-
dence in the interpretation and restoration of sites than has
been possible in the past using the "artist's conception"”
approach. In all these cases, it must be remembered that ground
coordinate control is essential (Lyons and Avery 1977).

The principles and theory of terrestrial or ground-based
photogrammetry and aerial photogrammetry are for practical
purposes identical (Wolf 1974; Lyons and Avery 1977). Plani-
metry and horizontal or vertical plane topography of a target can
be mapped using controlled ground-based photcography. For instance,
floor plans and architectural elevations of Anasazi ruins hidden
within rock overhangs and caves have been successfully mapped
(Borchers 1977) .

Structure type and details, e.g. masonry, doors, windows,

vigas, are easily identified and recorded. More detailed infor-
mation, such as elaborate artistic design, can also be recorded.
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It is apparent, then, that an individual trained in both
archeology and in the theory and applications of aerial and
terrestrial photogrammetry can gather relevant field data and
furnish tc the photogrammetrist (who operates the plotting
instrument) the properly controlled photography for the develop-
ment of elevations and maps specifically oriented to archeolo-
gical and architectural interpretations.

Subsurface Probes

A set of instruments used in non-destructive remote sensing
investigations, but not always recognized as remote sensors, are
those involved in subsurface probing and exploration. These
include ground-penetrating radar, resistivity measuring devices,
seismographs and magnetometers. By and large these instruments
are used for the detection of structures and incinerated clays
buried in soil. The densities, residual magnetism, electrical
resistivity and energy conductivity of the buried cultural
elements in contrast with the ambient soil produces identifiable
anomalies. With the exception of the seismograph, however, these
instruments are not capable of great depth penetration.

Ground Truth

An essential and never-to-be-omitted element of remote sensing
procedures is known as ground truth. Ground truth is often used
as a generic term including: 1) the prearrangement of the on-
the-ground data gathering devices or procedures that operate
during instrumental overflights, 2) ground level horizontal and
vertical engineering control and 3) ground checking of interpre-
tations of acquired imagery. As used in anthropology, the term
refers primarily to the latter two activities. Another way of
expressing this in terms of archeological and cultural resource
interests is that ground truthing is a procedure for establishing
target references and measurements and/or for verification of
image interpretation.

Standard Non-Destructive Techniques

In the minds of many, archeologists and non-archeologists
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