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FORWARD 

 
Preparation of this document was funded by the Environmental Security Technology 
Certification Program (ESTCP) as ǇŀǊǘ ƻŦ ŀ ǇǊƻƧŜŎǘ ŜƴǘƛǘƭŜŘ ά{ǘǊŜŀƳƭƛƴŜŘ !ǊŎƘŀŜƻ-
DŜƻǇƘȅǎƛŎŀƭ 5ŀǘŀ tǊƻŎŜǎǎƛƴƎ ŀƴŘ LƴǘŜƎǊŀǘƛƻƴ ŦƻǊ 5ƻ5 CƛŜƭŘ ¦ǎŜέ ό9{¢/t tǊƻƧŜŎǘ bƻΦ 
нллсммύΦ ¢Ƙŀǘ ǇǊƻƧŜŎǘΩǎ ǇǊƛƳŀǊȅ ƻōƧŜŎǘƛǾŜ ƛǎ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ ŀƴŘ ǾŀƭƛŘŀǘŜ ŀ Ƴǳƭǘƛ-sensor 
geophysical approach for detecting and characterizing subsurface deposits at 
archaeological sites. An important component of the approach is the use of a variety of 
ƎǊŀǇƘƛŎŀƭ ŀƴŘ ƳŀǘƘŜƳŀǘƛŎŀƭ ƳŜǘƘƻŘǎ ǘƻ άŦǳǎŜέ ƻǊ ƛƴǘŜƎǊŀǘŜ Řŀǘŀ ŦǊƻƳ ŀ ƴǳƳōŜǊ ƻŦ 
sensors into a single image whose totalτin terms of information contentτis greater 
than the sum of its parts. The multi-sensor approach and data integration methods were 
ŜȄǇƭƻǊŜŘ ōȅ ŀƴ ŜŀǊƭƛŜǊ ǇǊƻƧŜŎǘ όŎƻƳǇƭŜǘŜŘ ƛƴ нллсύΥ άbŜǿ !ǇǇǊƻŀŎƘŜǎ ǘƻ ǘƘŜ ¦ǎŜ ŀƴŘ 
Integration of Multi-Sensor Remote Sensing for Historic Resource Identification and 
Evaluation (Project CS-мнсоύέΦ ¢Ƙŀǘ ǇǊƻƧŜŎǘΣ ŦǳƴŘŜŘ ōȅ ǘƘŜ {ǘǊŀǘŜƎƛŎ 9ƴǾƛǊƻƴƳŜƴǘŀƭ 
Research and Development Program (SERDP), was executed by a team of researchers at 
the University of Arkansas at Fayetteville (Dr. Fredrick Limp, Dr. Kenneth Kvamme, and 
Ms. Eileen Ernenwein) with assistance from ERDC CERL (Dr. Michael Hargrave), NASA 
(Dr. Tom Sever and Mr. Burgess Howell) and others (Kvamme, et al. 2006). 
 
ESTCP Project 200611 is also developing ArchaeoMapper. This new software, presently 
being developed at the University of Arkansas-Fayetteville (by Dr. Jackson Cothren, Dr. 
William Johnson, and Ms. Eileen Ernenwein) will serve as the primary vehicle for 
infusing the multi-sensor approach into use by the Department of Defense, other 
agencies, research and cultural resource management groups in the US. Developed 
using Matlab and Java software development programs, ArchaeoMapper is a user-
friendly software package that provides a broad array of data processing capabilities for 
highly experienced geophysical practitioners as well as new and novice users. 
 
This guidance document on sensor selection will be useful to individuals who wish to 
become knowledgeable sponsors of geophysical surveys conducted by specialized 
consultants as well as to individuals who wish to learn to conduct their own surveys, and 
those who seek to advance from novice to more sophisticated practitioners. At the time 
of writing, the first release of ArchaeoMapper is near completion, and will be ready for 
use at the 2009 National Park Service Remote Sensing workshop. 
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1. INTRODUCTION 

 
Geophysics is the study of the Earth by quantitative physical methods (including 

magnetometry, electrical resistance, conductivity, magnetic susceptibility and ground 
penetrating radar), which are used to detect, map, and characterize subsurface 
phenomena including buried archaeological deposits. An effective use of geophysics can 
improve the reliability, reduce the invasiveness and, in many cases, lower the overall 
costs of archaeological investigations (Hargrave, et al. 2002; Kvamme, et al. 2006). 
Despite these potential advantages, the adoption of geophysics by cultural resource 
management (CRM) practitioners in the United States has been very gradual. One of the 
reasons for this is the lack of training opportunities. Although there are some very good 
short courses, such as the annual National Park Service (NPS) workshop and periodic 
Forest Service ground penetrating radar (GPR) workshops, much more extensive hands-
on experience is needed for archaeologists to become informed consumers and 
eventually practitioners of archaeological geophysics. Furthermore, with only a handful 
of US universities offering formal training, the level of geophysical expertise of recent 
graduates of archaeological programs provides little promise for the near future. 
Additional factors that have contributed to the slow adoption of geophysics by 
archaeologists in the U.S are the relatively high costs of equipment and the 
methodological conservatism of CRM practitioners and regulatory agencies (e.g., State 
Historic Preservation offices) (Hargrave, et al. 2002). 

Confronted with the need or desire to conduct a geophysical survey, an 
archaeologist with little or no familiarity with geophysics is faced with considerable 
uncertainty regarding what methods and instruments to use, how much time it will 
take, how much it will cost, and how to collect, process, and interpret the data. Some 
ability to resolve these questions is necessary even if the goal is simply to work 
effectively with a geophysical consultant.  

A number of published, non-technical volumes explain the basic principles of 
geophysical methods in archaeology. One of the first widely available overviews was 
!ƴǘƘƻƴȅ /ƭŀǊƪΩǎ Seeing Beneath the Soil (1990, 1996). Clark provided introductory 
explanations of electrical resistivity, magnetometry, and magnetic susceptibility and, in 
the revised edition, more limited descriptions of ground-penetrating radar and 
conductivity. Gaffney and Gater (2003) later provided a similar overview of the main 
methods, with updates on recent advances in instrumentation and data processing. 
While these volumes are valuable resources and have made a significant impact to the 
discipline, they are both written from a British/European perspective, and do not 
address some of the important issues faced by North American archaeologists 
(Hargrave, et al. 2002). For example, in North America, the prehistoric archaeological 
record includes many features that are characterized by (in geophysical terms) a very 
low-contrast with their surroundings, making them difficult to detect. In the US there is 
also a greater focus on ground penetrating radar (GPR) and electromagnetic induction 
(EMI) techniques.  
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Conyers and Goodman (1997) and, more recently, Conyers (2004) provide in-depth, 
but still introductory overviews of GPR. Two new volumes have recently been published 
that together cover the breadth of geophysical methods and applications for North 
American archaeology. The late Alan Witten finished Geophysics and Archaeology 
(2006) just prior to his sudden death in February 2005. In addition to the commonly 
employed magnetometry, resistivity, GPR, and EM induction, Witten (2006) provides a 
solid foundation for the archaeological use of gravity, geotomography, and resistivity 
tomography. Perhaps the single-most useful addition to the literature for DoD and other 
CRM practitioners, Remote Sensing in Archaeology, edited by Jay K. Johnson (Johnson 
2006) provides introductions to the methods that are most commonly used North 
America: GPR, conductivity, magnetometry, resistivity, and magnetic susceptibility. That 
volume also has chapters describing the use of geophysics in North American CRM, 
aerial remote sensing, data processing, the effective use of multiple sensors, and ground 
truthing. Finally, the most recent advances in methodology and case studies from 
around the world are presented quarterly in the journal Archaeological Prospection, and 
occasionally in other archaeological and geological journals. For more in-depth 
theoretical and technical explanations of near-surface geophysical methods, consult 
Reynolds (1997), Musset and Khan (2000), and Burger et al (2006). 

What is most lacking in all of these widely available volumes is detailed guidance to 
help new users design and conduct a geophysical survey. Clark (1996) provides a graphic 
depiction of how some of the more common methods should theoretically respond to 
typical archaeological targets, and Gaffney and Gator (2003) discuss the many factors, 
including geology, vegetation, and weather, that partially dictate the success of a 
survey. Similarly, Johnson (2006) opts to discuss the important factors in a narrative 
covering various aspects of site setting. David (1995) provides guidelines intended for 
archaeologists and geophysical practitioners working in the UK, including standards for 
how to conduct a survey and report findings, and how to choose the most suitable 
geophysical method. Much information is summarized in tables listing the types of 
features that could be detected by magnetometry, resistivity, conductivity, and GPR, the 
effects of local geology on magnetometry, and a questionnaire designed to determine 
the suitability of each method for a given archaeological setting. In a similar effort, 
Hargrave (2007) provides guidance on selecting geophysical techniques that are 
appropriate for use at sites in North America. This work was intended for those with 
little or no previous experience and cautions beginners against doing geophysical 
surveys at unpromising sites. An earlier effort  by Somers and Hargrave (2003) included 
guidance documents and a software tool (ATAGS) to help users select appropriate 
instrument configurations, sampling strategies, and field techniques. This effort was 
limited, however, to magnetometry and resistivity and excluded other commonly used 
methods such as ground penetrating radar, conductivity, and magnetic susceptibility. 
The guidance documents by David (1995), Hargrave (2007), and Somers et al. (2003), 
while still readily available, have not yet achieved wide circulation in the U.S. There is 
still a great need for guidance that covers all of the widely used geophysical methods 
and how to use them at North American archaeological sites. 
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Kvamme et al. (2006) have recently provided a detailed report on the results of an 
ambitious, multi-faceted project funded by the Strategic Environmental Research and 
Development Program (SERDP). That effort focused, among other things, on alternative 
approaches to data fusion, that is, graphical and numerical approaches to integrating 
the results of surveys using multiple sensors. Kvamme et al. (2006) also report on what 
is probably the most systematic approach to the field verification (ground truthing) of 
geophysical interpretations and predictions yet conducted in the US. 

This document was created as part of a project entitled Streamlined Archaeo-
geophysical Data Processing and Integration for DoD Field Use (funded by the 
Environmental Security Technology Certification Program, Project 200611), which was 
designed to demonstrate and validate the multi-sensor approach to archaeological site 
evaluationτincluding a number of methods for data integration that were investigated 
during the previously discussed SERDP project (Kvamme, et al. 2006). This ESTCP project 
will provide resources needed to allow DoD CRM personnel to make effective use of a 
multi-sensor geophysical approach to the evaluation of archaeological sites. 
Components of the project include: (1) development of a user-friendly software package 
(ArchaeoMapper) for the processing, display, integration, and interpretation of data 
from all of the commonly used geophysical methods; (2) demonstrating field and 
processing methodologies to DoD personnel; and (3) creating and disseminating 
guidance (via this document) to assist DoD CRM professionals, archaeological 
consultants providing services to DoD, and the general archaeological community in the 
process of designing, conducting, and understanding a geophysical survey. The 
development of ArchaeoMapper software is currently underway, scheduled for 
completion in May 2009. ArchaeoMapper will be demonstrated and evaluated by a 
team of DoD and civilian users in 2009-2010. 

This document provides step-by-step guidance for (1) estimating the suitability of a 
site for geophysical survey, (2) determining which geophysical methods or combination 
of methods have the greatest potential for success, (3) determining which particular 
instruments or types of instruments to rent or buy, (4) designing a data collection 
strategy, and (5) estimating the time that will be needed for data collection fieldwork 
and subsequent processing. In addition, we propose (6) a strategy to aid archaeologists 
in understanding the geophysical characteristics of sites in a particular area of interest, 
such as a DoD installation. We have designed this document not only to guide beginners 
through their first surveys, but to help novice users develop a better understanding of 
geophysical methods and to improve their field techniques. Guidance for data 
processing and interpretation will be provided in the ArchaeoMapper ǳǎŜǊΩǎ Ƴŀƴǳŀƭ. 
Together these documents offer comprehensive guidance in archaeological geophysics 
for a broad spectrum of the US archaeological community. 
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2. REVIEW OF GEOPHYSICAL METHODS IN ARCHAEOLOGY 

2.1 Brief History of Geophysics 

 
Although many archaeologists in the United States still view the use of geophysical 

ǘŜŎƘƴƛǉǳŜǎ ŀǎ άƘƛƎƘ-ǘŜŎƘΣέ ƴƻƴŜ ƻŦ ǘƘŜ ƳŜǘƘƻŘǎ ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀǊŜ ƴŜǿ. 
The first systematic geophysical survey on a U.S. archaeological site was conducted at 
Williamsburg, VA, in 1938. Mark Malamphy used equipotential (a method that is not 
widely used) to search for a stone vault suspected to be associated with an early church. 
A promising anomalous area was identified, but excavation revealed no archaeological 
features. The area was resurveyed some 50 years later and subsequent ground truthing 
suggested that the geophysical anomaly was associated with differential leaching of 
small fossil shells (Bevan 2000; Gaffney and Gater 2003). 

Electrical resistance was first used at an archaeological site in 1946 by Richard 
Atkinson. With a Megger Earth Tester (then widely used in civil engineering) and a 
switching system of his own design, Atkinson was able to detect moist, silt-filled ditches 
that had been excavated into dry natural gravel at Dorchester-on-Thames, UK (Atkinson 
1953; Clark 1996; Gaffney and Gater 2003). In the United States, Christopher Carr (Carr 
1982) was an early advocate for the use of resistance survey in archaeological research. 

Another milestone application of geophysics occurred in 1958, when Martin Aitken 
used a proton magnetometer to detect an early kiln near Peterborough, UK (Aitken 
1958, 1974; Gaffney and Gater 2003). Aitken also detected earth-filled pits τ a 
capability that would have important implications for the widespread use of magnetic 
techniques in the United States. 

During the 1970s, geophysics began to be integrated into archaeology in Great 
Britain and parts of Europe. Roman and late prehistoric sites in those areas often 
include metal artifacts, stone and masonry architecture, and fired clay roofing tiles. Such 
materials contrast sharply with their surroundings and could be identified in pre-
computer era maps that were characterized by relatively few, widely spaced data points 
(Hargrave, et al. 2002; Isaacson, et al. 1999; Scollar, et al. 1990).  

John Weymouth and Bruce Bevan (Bevan 1977, 1983; Bevan and Kenyon 
1975)conducted a number of early surveys in the United States (Bevan 1977, 1983; 
Bevan and Kenyon 1975; Weymouth 1976, 1985, 1986; Weymouth and Nickel 1977; 
Weymouth and Woods 1984) that demonstrated the usefulness of geophysics, 
particularly at sites characterized by relatively high-contrast features. In the United 
States, however, the single-most common type of prehistoric feature is the earth-filled 
pit. Ferrous metal artifacts are absent in the prehistoric record and stone architecture is 
found only in limited areas. It was not until the revolution in information technology 
(e.g. fast computer processors and mapping/GIS software) allowed the collection, 
processing, and mapping of thousands of data values that relatively subtle features like 
earth-filled pits could consistently be detected in magnetic surveys (Hargrave, et al. 
2002; Kvamme 2001). 
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Ground penetrating radar (GPR) was a somewhat later addition to the geophysical 
arsenal. GPR was initially developed to locate subsurface cavities such as mine shafts 
and tunnels. It was quickly adopted by geology, civil engineering, and many other 
disciplines (Conyers and Goodman 1997). In 1975, one of the first archaeological 
applications of GPR was an effort to map buried walls at Chaco Canyon, NM (Vickers, et 
al. 1976). Other early U.S. GPR surveys focused on historic features such as cellars and 
buried stone walls (Bevan and Kenyon 1975; Kenyon 1977). Use of GPR in the United 
{ǘŀǘŜǎ ŎƻƴǘƛƴǳŜŘ ǘƘǊƻǳƎƘ ǘƘŜ мфулǎ ŀƴŘ мффлǎΣ ŘŜƳƻƴǎǘǊŀǘƛƴƎ ǘƘŜ ǘŜŎƘƴƛǉǳŜΩǎ ǇƻǘŜƴǘial 
for detecting a wide variety of feature types (Conyers and Goodman 1997). 

Although geophysics is not yet thoroughly integrated into CRM in the United States, 
it is being used more frequently than ever before (Johnson 2006; Kvamme 2001, 2003; 
Kvamme, et al. 2006; Silliman, et al. 2000). A number of large area surveys τ many of 
them unpublished but reported at professional conferences τ have demonstrated 
ƎŜƻǇƘȅǎƛŎǎΩ ǇƻǘŜƴǘƛŀƭ ŎƻƴǘǊƛōǳǘƛƻƴǎ ǘƻ ŀǊŎƘŀŜƻƭƻƎƛŎŀƭ ƛƴǾŜǎǘƛƎŀǘƛƻƴǎ ƻŦ ƭŀǘŜ ǇǊŜƘƛǎǘƻǊƛŎ 
and historic occupations (Butler, et al. 2004; Clay 2001; Hargrave 2004; Hargrave, et al. 
2004; Hargrave, et al. 2002; NADAG 2007; Peterson 2003). Geophysics is now an area of 
specialization in archaeological graduate programs at a handful of universities (e.g., 
University of Mississippi-Oxford, University of Arkansas-Fayetteville), and in-house 
geophysical capabilities exist at university-affiliated research units such as the Arkansas 
Archaeological Survey, Glenn Black Laboratory at Indiana University-Bloomington, and 
Indiana University and Purdue University-Fort Wayne. Federal agencies including the 
National Park Service (Midwestern Archaeological Center), U.S. Army Corps of Engineers 
(Engineer Research and Development Center, Construction Engineering Research 
Laboratory; the Vicksburg, Mobile, Savannah, and New England Districts), and some 
Army installations (Fort Riley, KS; Fort Drum, NY) have in-house geophysical capabilities. 
A number of small geophysical consulting firms focus almost exclusively on 
archaeological applications.  

Trends calling for an increased use of geophysics by U.S. archaeologists in the future 
include the gradually increasing labor costs of hand excavation (with no corresponding 
increase in rates of excavation), versus significant improvements in the performance of 
geophysical instruments relative to their cost (Kvamme 2001). Social and legislative 
changes in CRM, including an increased role for Native American groups in the 
management of prehistoric cultural resources on tribal and federal lands, suggest the 
need for noninvasive or, at least, minimally invasive approaches for evaluating the NRHP 
eligibility status of some sites. On balance, CRM personnel in the DoD, other federal and 
state agencies, and the private sector will find it increasingly useful to be aware of the 
potential benefits τ and the limitations τ of geophysical techniques. 

2.2 Fundamental Concepts in Archaeological Geophysics 

 
 Archaeological geophysics involves the measurement of certain physical properties 
in the near-surface of the earth in order to detect and characterize buried 
archaeological features. The near-surface in archaeological contexts refers to the 
uppermost 1-2 m (Kvamme 2001). Both active and passive methods are employed. 
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Active methods generate their own signals, such as electromagnetic fields or electrical 
currents, anŘ ƳŜŀǎǳǊŜ ǘƘŜ ŜŀǊǘƘΩǎ ǊŜǎǇƻƴǎŜ. Passive methods, on the other hand, utilize 
ƴŀǘǳǊŀƭƭȅ ƻŎŎǳǊǊƛƴƎ ǎƛƎƴŀƭǎ ŀƴŘ ǎƛƳǇƭȅ άƭƛǎǘŜƴέ ŦƻǊ ǊŜǎǇƻƴǎŜǎ ŦǊƻƳ ǘƘŜ ƴŜŀǊ ǎǳǊŦŀŎŜ 
(Heimmer and De Vore 1995). Magnetometry, which utilizes the ŜŀǊǘƘΩǎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘΣ 
is the only passive method described in this volume. Ground penetrating radar, 
resistivity, and EMI are all active methods. 
 Geophysical data (measurements of selected geophysical properties at particular 
points on or very near the ground) are collected by moving an instrument across the 
landscape, most often in evenly spaced parallel transects. These measurements, usually 
in xyz format (where x,y give the location coordinates and z is the geophysical 
measurement) are then compiled into a database and displayed to create contour maps 
or images portraying the spatial variation in the measured properties. A common display 
method is a raster image, where each individual cell or pixel in the image represents one 
geophysical measurement. 

All geophysical methods rely on differences, or contrast, between archaeological 
features and their immediate surroundings (background or matrix) (Kvamme 2001). 
Contrast is the degree to which the geophysical properties of an archaeological feature 
differ from that of the surrounding soils or sediments (Somers, et al. 2003). This is an 
important concept, because it implies that the magnitude of a geophysical 
measurement is not as important as is the amount of contrast it has with the 
surrounding materials. In other words, an extremely electrically resistive archaeological 
feature will not be detected if the surrounding matrix is equally resistive. When contrast 
is sufficient, however, an anomaly is produced. Anomalies are areas in a geophysical 
Řŀǘŀ ǎŜǘ ǘƘŀǘ ŎƻƴǘǊŀǎǘ ǿƛǘƘ ǎǳǊǊƻǳƴŘƛƴƎ ƳŜŀǎǳǊŜƳŜƴǘǎΣ ŀƴŘ ŀǊŜ ŎŀƭƭŜŘ άŀƴƻƳŀƭƛŜǎέ ǳƴǘƛƭ 
they can be otherwise identified (Kvamme 2001). Geophysical data often encompass a 
range of values from negative to positive. Anomalies can thus be either positive, 
negative, or dipolar (having both a positive and negative component). All of these 
anomaly types can indicate cultural features. 
 A geophysical survey of an archaeological site is successful if it can identify and 
characterize buried archaeological features, but many factors besides archaeology 
contribute to variation in the data. Geophysical measurements unfortunately have some 
degree of άnoiseέ associated with them. Noise in geophysical data includes anything 
that is not representative of what lies on or beneath the surface. Examples of noise are 
data spikes (extremely high or low, often solitary readings, usually surrounded by valid 
measurements) and other random or periodic errors related to instrument operation 
(Hargrave 2007; Somers, et al. 2003). It also includes patterned interference, such as 
radio waves and magnetic storms. Noise becomes a problem when it obscures 
archaeological features, which can easily occur if the contrast between noise and the 
background is greater than the contrast provided by archaeological features. 
Fortunately there are many ways to filter noise out of the recorded signal, either by 
avoiding certain areas or times of day for data collection, or with post-acquisition data 
processing.  
 Another problem with the recorded data is the prevalence of unwanted signals 
(electromagnetic fields, electrical currents, or other physical signals that are recorded by 
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geophysical instruments). It is useful to think of the recorded signal as several signals 
added together. The signal of interest is from archaeological features, but there are also 
signals from other subsurface phenomena such as tree roots, rodent burrows, buried 
utilities, sedimentary layers, and rocks. These unwanted signals that are unrelated to 
the archaeological record are called clutter (Hargrave 2007; Somers, et al. 2003). 
Anomalies arising from clutter become a problem when they cannot be differentiated 
from anomalies related to archaeological features. Some anomalies can be clearly 
identified as representing cultural features because they exhibit diagnostic patterns 
such as circular or rectangular house floors. Smaller and less patterned archaeological 
features, however, produce anomalies that are very difficult to distinguish from clutter 
anomalies. 
 The ability to detect subsurface features is also limited by data density and 
resolution. Data density (also called sampling density) is the number of geophysical 
measurements recorded per unit area (Somers, et al. 2003), or per unit volume in the 
case of three dimensional methods such as GPR. It is dictated by the sampling interval 
(distance between measurements along the data collection lines, transects, or 
traverses) as well as the distance between lines. Many contemporary geophysical 
surveys are done with a sampling interval of .5 to .125 per meter, with lines spaced 1 to 
.5 m apart. Resolution of smaller and lower contrast features is improved by increasing 
the data density. Clark (1996) shows that as the sampling interval is decreased from 1.5 
to .125 m, the ability to differentiate a kiln from a piece of iron on the surface is 
increased (using a magnetometer). The experiment shows that .5 m is the largest 
suitable interval, and there is a considerable improvement at .25 m, but only marginal 
improvements at .125 m. Using a .25 m or smaller sampling interval along transects is 
Ŝŀǎƛƭȅ ŀŎŎƻƳǇƭƛǎƘŜŘ ǿƛǘƘ ǘƻŘŀȅΩǎ ƎŜƻǇƘȅǎƛŎŀƭ instruments, with the main limit on data 
density being the spacing between lines. Both Clark (1996) and Gaffney and Gater 
(2003) suggest that 1 m between lines is adequate for most geophysical surveys in the 
UK (assuming sampling intervals of at most .5 m along transects but usually .25 or less), 
although the latter suggest .5 m should be used for research level surveys. In North 
America it is more common to use .5 m line spacing, with 1 m spacing reserved for sites 
with very large high-contrast features. In some cases .25 m lines spacing is used, 
particularly with small-area GPR surveys where the principal targets are small and low 
contrast.  
 A final factor to consider is the size of target features. Though contrast is the 
overriding factor, size plays an important role in the detection and recognition of 
cultural features. If two features are composed of identical materials and are buried at 
equal depths in the same sediment matrix, the larger of the two will be more easily 
detected and identified as a potential cultural feature for a number of reasons. First, the 
smaller feature is less likely to be directly below or close to transect lines, so the 
recorded signal would be relatively weak. Second, the smaller feature will produce a 
smaller anomaly, perhaps represented by only one measurement (one pixel). 
Anomalous readings recorded in only one pixel are easily mistaken for data spikes 
(errors) and usually removed during data processing. Finally, the anomaly from a smaller 
feature is less likely to take an identifiable shape (square, linear, or circular), making it 
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more difficult to distinguish from noise and clutter. For a feature to be reliably detected 
it should therefore be recorded by at least two passes of the instrument (Kvamme 
2003). In summary, when all other factors are equal, the likelihood of detecting and 
recognizing small archaeological features is improved as sampling density is increased. 

2.3 Geophysical Methods 

 
A variety of geophysical methods are applicable to the investigation of 

archaeological sites. The most widely used methods in the U.S. are magnetometry, 
electrical resistance, conductivity, and ground penetrating radar (GPR) (Bevan 1998; 
Clark 1996; Gaffney and Gater 2003; Heimmer and De Vore 1995; Kvamme 2001; 
Scollar, et al. 1990). Another method, magnetic susceptibility (MS), has been 
sporadically used for decades but is not routinely employed in the U.S. Recent 
applications of MS, however, show that this method should receive more emphasis in 
archaeological geophysics (Dalan 2006; Kvamme, et al. 2006). Other methods such as 
gravity (Gaffney and Gater 2003; Witten 2006), seismic (Clark 1996; Gaffney and Gater 
2003), geotomography (Witten 2006), thermal (Clark 1996; Gaffney and Gater 2003), 
induced polarization (Clark 1996; Gaffney and Gater 2003), self potential (Gaffney and 
Gater 2003), and phosphate analysis (Clark 1996; Gaffney and Gater 2003), are not 
commonly used in archaeology and are therefore not covered here.  

The remainder of this chapter provides a brief explanation of the main geophysical 
methods used in archaeology today. Each method is described by addressing the 
following questions:  

(1) What property is measured?  In other words, what fundamental geophysical 
property is being exploited so that archaeological features or deposits and other 
subsurface phenomena can be detected? 

(2) How is the property measured?  This section includes the theoretical 
background that explains how geophysical properties are measured. 

(3) How is the instrument configured for data collection?  Many different 
geophysical sensors are available for each method, and some can be set up in different 
ways depending on field conditions and the goals of the survey. Typical configurations 
are described. 

(4) What ŀǊŜ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘΩǎ ƭƛƳƛǘǎ ƛƴ ǘŜǊƳǎ ƻŦ depth and resolution? 
(5) ²Ƙŀǘ ŀǊŜ ǘƘŜ ƳŜǘƘƻŘΩǎ advantages and disadvantages? The pros and cons of 

the method are briefly discussed. 

2.3.1 Electrical Resistance 

Property Measured. Electrical resistance is the degree to which a material restricts 
the passage of an electric current, and is measured in Ohms (Clark 1996; Gaffney and 
Gater 2003; Somers 2006). Variation in electrical resistance is almost entirely dictated 
by the amount of moisture in the soil. Coarse grained, well-drained soils (gravels, sands) 
exhibit a relatively high resistance, whereas fine grained soils (clays, silts) that hold more 
moisture exhibit lower resistance. Compared to soil, rocks and bricks are typically 
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characterized by very high resistance. Electrical resistance is useful on archaeological 
sites because cultural features represent localized disturbances to natural soil strata, 
and often include concentrations of organic materials, rocks, and other artifacts. These 
disruptions to the natural soils are associated with a localized contrast in moisture 
retention and therefore electrical resistance. A wall made of rock or brick, for example, 
is typically much more resistive than surrounding soils. 

 
Method of Measurement. There is only one way to directly measure electrical 

resistance: pass a current through the material and measure it with a voltmeter. If the 
current (I) is kept constant and the voltage (V) is measured, resistance (R) can be 
ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ hƘƳΩǎ [ŀǿΥ 

 
R = V/I 

Some instruments take an additional step to convert resistance to apparent 
resistivity, but this is not usually necessary for typical archaeological applications. For 
more details see Clark (1996) or Gaffney and Gater (2003). 

Although the galvanic (direct-contact) method is the only true way to measure 
resistance, it can be approximated by measuring electrical conductivity with 
electromagnetic induction (EMI). Since conductivity is the theoretical inverse of 
resistivity, one can simply invert the conductivity measurements. In practice, however, 
the relationship is not always so simple. In some cases, when the two data sets are 
compared they are very highly correlated. The conductivity and resistivity images shown 
in Figure 1a-b are strongly correlated (r = .71). Yet in other cases, such as the 
conductivity and resistivity data from Army City (Figure 1c-d), the two datasets are 
statistically independent (r = .14). The discrepancy is related to differences in depth 
sensitivity, resolution, and the method of measurement (described in the next section). 
This is an important consideration when deciding between EMI and electrical resistance 
for a particular survey. Lƴ ǘƘŜ ŀǳǘƘƻǊǎΩ ŜȄǇŜǊƛŜƴŎŜǎΣ ǎometimes resistance is better able 
to resolve discrete features (though this needs further testing), but EMI can be done 
faster and is more flexible with respect to field and weather conditions because it does 
not require direct contact with the ground. 

 
Configurations. Electrical resistance is measured by inserting electrodes into the 

ground and measuring the resistance between them. A great variety of probe 
configurations can be used (see Clark 1996; Gaffney and Gater 2003). By far the most 
common and practical for archaeology is the twin probe array (Figures 2-3), developed 
in Switzerland in the 1960s (Schwarz 1961) and further developed for archaeology in 
Britain by Aspinall and Lynam (1970). Though there are some disadvantages to the twin 
probe array compared to others (see Gaffney and Gater 2003), it remains a standard in 
archaeological geophysics (Clark 1996). The twin probe array utilizes a pair of mobile 
probes (usually mounted on a frame) and a remote pair of probes located far enough 
away (at least 30 times the distance between mobile probes) that they do not 
disproportionally influence the resistance within the area to be surveyed (Figure 3) 
(Clark 1996). At each measurement position, a weak electrical current is introduced into 
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the ground from one mobile to one remote probe, and the voltage is measured by the 
adjacent mobile probe. As the instrument is moved along, data are only logged when 
the mobile probes are inserted into the ground. The need to insert probes into the 
ground makes resistance survey more labor intensive than other geophysical methods, 
and results in a lower data density and spatial resolution. One way to improve survey 
speed is to use multiple pairs of probes on one frame. Geoscan Research Ltd (UK) has 
done this with their MPX multiplexer attachment, which extends the basic RM15 
instrument frame out to as many as five probes and effectively makes four mobile probe 
pairs (Figure 2b). Each time the probes are inserted into the ground, the multiplexer 
alternates the probes so that a series of four measurements are taken along the array. 
This quadruples the number of data points collected each time the instrument is 
repositioned, making survey considerably more efficient. 

 

a  b  

c   d  
Figure 1. Relationship between galvanic electrical resistance and EMI conductivity. (a) 
EMI conductivity data from a 20 x 20 m area at Pueblo Escondido; (b) galvanic 
electrical resistance from the same 20 x 20 m area; (c) EMI conductivity data from a 
40 x 40 m area at Army City; (d) galvanic electrical resistance from the same area. 
Note that the resistance images (b & d) are shown in a reversed grayscale for easier 
comparison with conductivity. 
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a 
 

b 

Figure 2. Commonly used resistance instruments and 
configurations: (a) TR/CIA resistance meter using .50-m 
twin probe array; (b) Geoscan RM-15 with MPX 
multiplexer using .50-m twin probe array. 

 

 
Figure 3. Illustration of the twin probe array and theoretical uniform ground currents. 
The distance between the mobile and remote probes must always be equal to or 
greater than 30 times the distance between mobile probes. This distance is kept 
between the remote probes and the closest edge of the area being surveyed. Not 
drawn to scale.  
 

Depth and Resolution. The depth and resolution of resistance data are dictated by 
the probe separation and sampling density. Generally speaking, as the probes in a 
resistance array are moved farther apart, the depth sensitivity increases (Gaffney and 
Gater 2003). With the twin probe array the measurement is most sensitive to the depth 
equal to the mobile probe separation (Somers 2006). Using .5 m mobile probe 
separation, for example, the depth of measurement is centered at about .5 m, but also 
includes areas immediately above and below this depth (in other words, each pixel or 
measurement represents the resistivity of a three-dimensional region of the subsurface, 
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whose center is roughly .5 m below the ground surface). Increasing the probe 
separation also has the unwanted effect of lowering spatial resolution. This is because 
the wider probe separation means that a greater volume of earth is measured, so the 
volume of a feature represents a smaller percentage of the sampled volume, making 
detection less likely. For example, a small pit feature near the surface might constitute 
over half the total volume of the area being measured with .5 m probe separation, but 
the same pit buried 1 m deep would make up a much smaller proportion of the total 
volume measured with 1 m probe separation and might not be detected at all. This idea 
is explored in more detail in the next section. 

Typical survey speed with resistance meters is relatively slow compared to other 
methods, so data densities are low (usually 1 to 4 measurements per square meter). 
This places a practical limit on resolution, such that lower contrast and smaller features 
are difficult to detect unless considerable time is taken to increase the data density. A 
general rule of thumb is that the distance between measurements should be at most 
half the size of the smallest feature to be detected. If this is done, the smallest features 
will be recorded in at least two locations, so they are less likely to be interpreted as data 
spikes (erroneous measurements). Sampling density can be increased in the survey 
direction (along survey transects) by taking more measurements per meter, and this is 
often done. For small features, particularly graves, lines spaced less than .5 m apart can 
be used (though this slows and complicates survey to some degree). 

 
Advantages and Disadvantages. In addition to the lack of speed and corresponding 

low resolution, electrical resistance is adversely affected by variations in soil moisture. 
Survey results are less likely to be reliable when the soil is extremely dry or highly 
saturated (Clark 1996; Kvamme 2001). Under normal conditions (neither extremely wet 
or dry), however, resistance instruments are very well-suited for detection of larger 
features based on contrasts in soil type. Examples include ditches, trenches, house 
basins, mounds, and historic architectural remains. Electrical resistance offers several 
advantages over most other methods. It is perhaps the most widely applicable 
technique. By altering the spacing between the mobile probes one can, to some extent, 
control the depth of survey. Another important advantage of electrical resistance is that 
it is not influenced by metallic objects, and so can be used at sites that are littered with 
metallic debris such as trash from construction, military training, picnickers, or metal pin 
flags from previous archaeological projects (Kvamme 2001). Most other methods, most 
notably magnetometry but also EMI, are adversely affected by non-archaeological metal 
debris. 

2.3.2 Electrical Conductivity 

Property Measured. Electrical conductivity is a measure of how easily an electrical 
current will flow through a material (Witten 2006), measured in Siemens or milliSiemens 
(mS). A Siemen is the inverse of an Ohm, or equal to 1/Ohm. Older references use the 
ŜǉǳƛǾŀƭŜƴǘ ǳƴƛǘ άaƘƻέΣ ǿƘƛŎƘ ƛǎ ǎƛƳǇƭȅ άhƘƳέ ǎǇŜƭƭŜŘ ōŀŎƪǿŀǊŘǎΦ It is the theoretical 
inverse of resistivity, but as discussed earlier, conductivity data are often not 
comparable to the resistance measurements taken with probe-array systems (see 
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section 2.3.1). By convention, when archaeologists talk about resistivity or resistance, 
they are usually referring to data collected with an instrument that uses probes inserted 
into the ground (Figure 2). When we talk about conductivity, we are almost always 
referring to measurements taken with the electromagnetic induction (EMI) method 
(Figure 4). Conductivity maps tend to resemble maps of resistance data and can be 
interpreted using the same principles, although the resolution of conductivity data is 
sometimes poorer due to differences in depth sensitivities. Despite the fact that EMI 
data are often collected at a higher density than resistance data, EMI measurements are 
usually influenced by a greater volume of ground, potentially blurring anomaly 
boundaries. Like resistance, conductivity is an excellent method for detecting anomalies 
that are based on contrasts in ground moisture or material type. Small pits are not easily 
detected, but larger pit features, ditches, and the plowed-down remains of earthworks 
can be detected very effectively. 

 

 

a 
 

b 

Figure 4. Commonly used electromagnetic induction (EMI) 
instruments: (a) Geonics EM31; (b) Geonics EM38. 

 
Method of Measurement. The EMI method of measuring conductivity is considerably 

more complex than resistance, so only the fundamental principles are explained here 
(for more detailed explanations see Mussett and Khan 2000; Reynolds 1997; Witten 
2006). When an electrical current is passed through a coil or loop, an electromagnetic 
field is created (Witten 2006). If this EM field is close enough to objects that are 
somewhat conductive, then the field will cause currents to flow in them. Just as the 
electrical current in the coil created an EM field, the currents in the objects will create 
EM fields. This process is called induction. In archaeological surveys, EMI conductivity 
data are usually collected with two coils, one transmitter and one receiver in a 
configuration that has many names, including Slingram, horizontal loop, moving 
transmitter-plus-receiver, moving-source dual-coil, and ground-conductivity meter 
(Mussett and Khan 2000; Reynolds 1997). The transmitter creates an EM field called the 
primary field that extends in all directions, but most importantly into the ground. If the 
ground is conductive, or contains deposits that are conductive, currents will flow in 
them in response to the primary field. These newly created currents, called eddy 


