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The Use of Geophysical Techniques in Subsurface 
Archaeological Investigations 

INTRODUCTION 

Frank Miller and James Doolittle 
Mississippi State University 

and USDA-Soil Conservation Service 

Geophysical instrument are increasingly being used to aid 
archaeological investigations. These devices are, in essence, 
remote sensors that afford med i um to high resolution, continuous 
measurements or profiles of subsurface conditions. Continuous 
spatial measurements or profiles of subsurface conditions have 
considerable benefits in archaeological investigations. By 
providing more comprehensive information about a site, detecting 
cultural features, and minimizing the number of unsuccessful 
exploratory pits, these techniques can provide a rapid, cost­
effective, and non- destructive means of artifact identification and 
location. However, the use of geophysical techniques complements 
but does not replace the need for conventional archaeological 
methodologies. -

Geophysical techniques have been used to detect, identify, and 
locate buried artifacts. In archaeological investigations, 
geophysical techniques have been used principally to assist 
reconnaissance and pre-excavation surveys and to obtain detailed 
site information. 

Two complimentary geophysical methods which have been used in 
archaeological investigations are discussed in this report - ground 
penetrating radar (GPR) and electromagnetic induction (EM). Both 
have been used principally as surface-geophysical methods. Though 
each of these methods can be used autonomously, this study used an 
integrated or comprehensive approach. An integrated approach makes 
use of two or more geophysical and/or remote sensing tools as well 
as conventional archaeological techniques. This process provides 
more site information than a single method and can be used to 
reduce field time, increase coverage, facilitate excavation 
strategies, and better define the locations of subsurface 
anomalies. In addition, ambiguities inherent in interpreting data 
from a single technique can be reduced when two or more methods are 
employed. 

An integrated approach using EM and GPR techniques can be used to 
assist archaeologist acquire subsurface information and to plan and 
carry out excavation in a more cost effective manner. Because of 
the ease of operation, EM methods can be used to rapidly survey 
large areas. Analysis of EM data provides stratigraphic 
information about the survey area and may reveal the location of 
large buried structures or areas having high levels of "cultural 
noise." However, the relatively coarse resolution of EM techniques 
limits detection of subsurface features to large structures or 
prominent stratigraphic features. Following an assessment of the 
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EM data and site characteristics at an i nitially, relatively coarse 
dimensional scale , smaller, included areas can be selected for more 
detailed investigations with GPR and EM t echniques. Based on the 
map produced by this effort, a GPR s urvey scheme can be quickly 
developed and initiated to refine the reconnaissance survey. 
Because of its superior resolution, radar is an appropriate tool 
for locating and characterizing buried structures and isolated 
cultural anomalies. 

SYSTEM DESCRIPTIONS 
ELECTROMAGNETIC I NDUCTION 
Studi es have documented the advantages of the non-contact, 
continuous readings with the EM meters, ease and accuracy of EM 
interpretations, and i ts appl i cati ons over broad areas and soil 
types. The EM meters are highly portable and this technique is 
perhaps the most rapid and cost-effective geophysical method 
available. For surveying, the meter is placed on the ground 
surface or held above the s urface at a specified distance. A power 
source within the meter generates an alternating current in the 
transmitter coil. The current flow produces a primary magnetic 
field and induces electrical currents in the soil. The induced 
current flow is proportional to the electrical conductivity of the 
interveni ng med ium. These electrical currents create a secondary 
magnetic field in the soil. The secondary magnetic field is of the 
same frequency as the primary field but of different phase and 
direction. The primary and secondary fields are measured as a 
change in the potential induced in the receiver coil. At l ow 
transmission frequency, the ratio of the secondary to the primary 
magnetic field is directly proportional to the ground conducti vity. 
Values of apparent conductivity are expressed in milliSiemens per 
meter (mS/m). 

Electromagnetic methods measure the apparent conductivity of 
earthen materials. Apparent conductivity is the weighted average 
conductivity measurement for a column of earthen materials to a 
specified penetration depth (Greenhouse and Slaine; 1983). The 
averages are weighted according to the depth response function of 
the meter (Slavich and Petterson, 1990). 

The depth of penetration is dependent upon the intercoil spacing, 
transmission frequency , and coil orientation relative to the ground 
surface. Table 1 lists the anticipated depths of measurements for 
various meters with different intercoil spacings and coil 
orientations. I nformation on variations in conductivity with depth 
can be achieved by varying coil orientation, intercoil spacing and 
frequency. 

Electromagnetic inductive methods measure vertical and lateral 
variations in terrain or apparent electrical conductivity of 
earthen materials. The meters provide limited vertical resolution 
and depth information. However, as discussed by Benson and others 
(1984), the absolute EM values are not necessarily diagnostic in 
themselves, but the lateral and vertical variations in these 
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measurements are significant. Interpretations of the EM data are 
based on the identi fication of spatial patterns in the data set 
appearing on two- dimensional plots. 

Meter 

EM31 

EM34-3 

EM38 

TABLE 1 

Depth of Measurement 
(all measurements are in meters) 

Intercoil Depth Of Measurement 
Spacing Horizontal Vertical 

3.7 2.75 6.0 

10.0 7.5 15.0 
20.0 15.0 30.0 
40.0 30.0 60.0 

1.0 0.75 1. 5 

This technique is well suited to reconnaissance surveys requiring 
continuous, moderate resoluti on data. The EM methods have been 
used to locate and map buried structures, artifacts, mounds, and 
tombs (Bevan, 1983; Dalan, 1991; Frohlich and Lancaster, 1986). 

Th·e electromagnetic induction meiers used were the EM31 and EM38 
manufactured by Geonics Limited • Principles of operation have 
been described in detail by (McNeill, 1980, 1986, 1989). 

GROUND-PENETRATING RADAR 
The ground-penetrating radar is an impulse radar system designed 
for shall ow subsurface site investigations (Daniels et al., 1988). 
Pulses of electromagnetic energy are radiate into the ground from a 
transmitting antenna. Each pulse consists of a spectrum of 
frequencies distributed around the center frequency of the antenna. 
Whenever a pulse contacts an interface separating layers of 
differi ng dielectric properties, a portion of the energy is 
reflected back to the receiving antenna. The receiving unit 
amplifies and samples the reflected energy and converts it into a 
similarly shaped waveform in a lower frequency range. The 
processed, reflected waveforms are displayed on a graphic recorder 
or are recorded on magnetic tape for future playback or processing. 
The graphic recorder uses a variable gray scale to display data. 
It produces images by recording strong reflections as black and 
lesser intensity reflections in shades of gray. 

Compared with other geophysical techniques, GPR provides the 
highest resolution of subsurface features. However, results of 
radar surveys are site specific and interpreter dependent. 
Interpretations depend on the experience of the operator, 
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complexity of soil or geologic conditions, quantity and qual ity of 
independent observation data, and the system and antennas used. I n 
many t errains, unless mounted in a suitable vehicle, the equi pment 
is heavy and cumbersome to move and operate. In addition in some 
areas, conductive soil conditions limit its profiling depth and 
appl i cabi lity. Ground- penetrating radar is best suited for shallow 
(3 to 10 meters) investigations in electrically resistive mediums 
(i.e. dry, sandy soils). The GPR has been used to locate and map 
buried structures , buried artifacts, and graves (Bevan, 1991; 
Doolittle and Miller, 1991; Imai et al., 1987; Vaughan, 1986). 

The ground- penetrating radar unit used in this study is the 
Subsurface Interface Radar (SIR) ~ystem-8 manufactured by 
Geophys i ca l Survey Systems, Inc. · Components of the SIR System- 8 
used in this study were the model 4800 control unit, ADTEK SR 8004H 
graphic recorder, ADTEK DT 6000 tape recorder, power distribution 
unit, transmission cable (30 m), and the model 3205 (120 MHz) 
antenna. The system was powered by a 12-volt vehicle battery. The 
operation of the SIR system-8 has been described by Doolittle 
(1987). 

FACTORS INFLUENCING USE OF TECHNIQUES 
Variations in the response of EM meters and probing depths of GPR 
are produced by changes in the ionic concentration of earthen 
materials. Factors influencing the ionic concentration of earthen 
materials include: (i) the volumetric water content, (ii) the 
amount and type of ions in soil water, (iii) the amount and type of 
clays in the soil matrix, and (iv) the soil temperature. Ground­
penetrating radar techniques are not suited for use in all soils. 
The maximum probing depth of GPR is, to a large degree, determined 
by the conductivity of the soil. Soils having hi gh conductivities 
rapidly dissipate the radar's energy and restrict the effective 
probing depth. 

Both the GPR and EM have unique advantages and disadvantages but, 
when considered in a multistage sampling mode, they are highly 
complementary. Bevan ( 1984) compared a number of different 
geophysical techniques and rated the performance of each under 
different conditions; the following ratings are based on his work 
with 4 = excellent, 3 = good, 2 = fair, and 1 = poor potential. 

1. Use of trade names in this report is for identification purposes 
only and does not constitute endorsement by the authors or their 
institutions. 
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Table 2 
Comparison of GPR and EM Methods 

(from Bevan, 1984) 

Site conditions GPR 
thickly wooded 1 
prairie 3 
rough terrain 2 
soils: clayey 2 

loamy 3 
sandy 4 

alka~ine/saline 1 
urban areas 3 
cultivated fields 2 
steep slopes 2 

Artifact/ Subsurface Feature GPR 
Size of Anomaly 
less than 10 cm 3 
10 cm to 100 cm 4 
greater than 100 cm 4 

Depth to Anomaly 
less than 25 cm 4 
25 cm to 200 cm 4 
200 cm to 400 cm 4 
greater than 400 cm 3 

Depth/Size Ratio 
less than 1/4 4 
1/ 4 to 1 4 
1 to 3 3 
greater than 3 2 

CASE STUDY - TELL BALIF, ISRAEL 
site Com;Utions 

EM 
3 
4 
4 
4 
4 
4 
4 
3 
3 
3 

EM 

1 
3 
3 

4 
4 
4 
4 

4 
3 
1 
1 

Site conditions, (i.e. soils, vegetation, terrain) often dictates 
search strategies. Steep slopes, large rock fragments on the 
surface, and dense vegetation precluded the extensive use of GPR. 
However, these terrain conditions offered only minor hindrances to 
EM. Because of the meters relatively light weight and portability, 
ease and efficiency of operation, EM was used as a reconnaissance 
tool to rapidly survey large areas. Following analysis of EM data, 
GPR can be used to provide detailed, high resolution profiles of 
selected areas. 

The soils at Tell Halif are relatively conductive. These soils 
have formed in residuum, colluvium, and fill materials overlying 
marl and limestone bedrock. These soils are moderately-fine 
textured (18-34 percent clay) calcareous and contain relatively 
high amounts of soluble salts, principally soluble carbonates of 
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calcium and magnes ium. These soi l conditions while f avorable to EM 
provided an unfavorable envir onment to GPR. 

In the moderately- f i ne textured, calcareous soils of Tell Halif, 
radar signals were rapidly attenuated and profil i ng depths were 
l i mited. I n a r eas of deep (>100 cm) soil materials, the maximum 
depth of consistent profiling with the 120 MHz antenna was about 1 
meter. However, in areas of shallow (<50 cm) soils overlyi ng mor e 
resistive layers of marl or l i mestone bedrock, rates of signal 
attenuation were less and probing depths of 3 to 4 meters were 
att ained. The EM meters, while influenced by the soluble salt and 
clay contents of these soils, maintained depth of penetrati on and 
were sensitive to changes i n the thickness and conductivity of 
layers. However, as buried cultural layers often had closely 
s i milar electrical properties, EM was often unable to discriminate 
individual stratum. 

The size, orientation, and depth to an artifact affects their 
discernment wi th GPR and EM. Large, electrically contrasting 
features reflect more energy and are easier to detect than small, 
less contrasting features. Small cultural features, unless 
directly beneath the path of the radar antenna may be missed. In 
addition, more deeply buried features are difficult to discern on 
radar profiles. This is because the reflecti ve power of an object 
decreases proportional to the fourth power of the distance to the 
object (Bevan and Kenyon, 1975). 

Compar ed wi th GPR, resolution of EM is r elatively coarse. The 
sampling vol ume of EM is relatively large as values of apparent 
conductivity are integrated within the slice of earthen material s 
defined by the meters intercoil spacing and depth of penetration. 
At the resolution used with electromagnetic induction methods, the 
discernment of singular features was doubtful. I n addition, unless 
the EM response from a feature is substantially greater than 
background levels of apparent conductivity, it will be excluded 
from interpretations. While it was felt that electromagnetic 
induction methods would not d i scern individual structures, it was 
speculated that these tools would provide valuable stratigraphic 
information and may indicate the location of large, buried cultural 
features. This information may be useful in determining the most 
probable sites and the extent of culturally disturbed lands. In 
addition, it was presumed that clusters of cultural anomalies could 
be distinguished from broad terrain patterns. 

EM Surveys 
Tell suromit-
The survey site on the tell summit covered an i rregularly-shaped 
135 by 180 meter area. Figure 1 is a two-dimensional contour plot 
of the surface topogr aphy. The contour interval is 0.5-meter. The 
lowest point on the summit was used as the 0.0 meter datum. Within 
the survey site, relief was slightly greater than 6 meters. The 
surface descends toward the north and the steeper, shoulder slope 
areas. The summit area of the tell is bounded by steep side 
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slopes. Bedrock is exposed on the lower-lying northwest portion of 
the survey site. Point symbols (see figures 1, 2, and 3) have been 
used to identi f y the location of Known cisterns. 

The survey site was restricted to open, nearly level areas of the 
summit. The survey site was confined in several directions by 
steep slopes, excavated trenches, or fence lines. The grid 
interval for the reconnaissance survey was 7.5 meters. Thi s 
provided 228 grid intersects or observation points. At each 
intersect, measurement were taken with the EM31 meter in both the 
horizontal and vertical modes. 

Two- dimensional plots of apparent conductivities were prepared from 
results of the EM survey. These plots present data obtained with 
EM31 meter in the horizontal (Figure 2) and vertical (Figure 3) 
dipole modes. In each of these figures, the contour interval is 5 
mS/m. 

Interpretation of the EM data are based on the identification of 
spatial patterns in the data set. Several inferences can be made 
from Figures 2 and 3. A comparison of the two figures reveals that 
values of apparent conductivity generally increase with soil depth. 
This relationship reflects the greater conductivity of the 
underlying soil materials or geologic strata. This relationship 
may be attributed to one or more of the following factors: greater 
concentrations of soluble salts (carbonates), finer textured soil 
materials, more conductive geologic strata (marl versus chert), or 
increases in volumetric water content with depth. 

Areas having bedrock at or near the surface have values of apparent 
conductivity less than 10 mS/m. These areas are evident in the 
northwest portion of the survey site (upper left-hand corner of 
figures 2 and 3). Sub-site Bis located within and is 
representative of this area. The majority of the known cisterns 
are found in this area. The area is bounded by relatively closely 
spaced isopleths. The abrupt gradient implies a rather precipitous 
subsurface drop in the bedrock surface. This inference suggests a 
buried mesa-like feature. 

Areas having deeper layers of fill or soil materials have values of 
apparent conductivity greater than 15 mS/m. In figures 2 and 3, 
areas of deep fill or soil materials occur in the southern and 
eastern portions and along the western rim of the summit area . A 
prominent ridge of relatively high apparent conductivity values 
(and inferred deeper soil conditions) extends across the summit 
area in a southwesterly direction from the northeast corner of the 
survey site. Sub-site c is located in the extreme southwestern 
portion of this ridge. 

The northwest corner of the study site is located near the edge of 
the tell and is known to contain buried structural features 
including a glacis. This area is characterized by closely spaced 
isopleths. Values of apparent conductivity increase towards the 
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edge of the tell (west) suggesting deeper layers of debris and soil 
materials. Sub-site A is located within and is representative 
of thi s area. 

I n the northeast corner of the study site, in vertical dipole 
measurements of Figure 3, a conspicuous subsurface anomaly occurs. 
As thi s anomaly i s not apparent in Fi gure 2, a deeply buried 
feature is inferred. This anomalous zone may represent a buried 
feature such as a former Turkish bunker. However, thi s anomalous 
zone is located in an area which contains numerous trenches and 
barbed wire entanglements. It is possible that the vertical dipo l e 
orientation was more respons i ve to the barbed wire. 

Results from the reconnaissance EM survey of the tell sununit were 
reviewed in the field and three sub-site were selected for detailed 
investigations .using the EM38 meter. Grids were established over 
each of the three, iO by 10 meter sub-site areas. The grid 
i nterval for these detailed surveys was 1.0 meter. This provided 
121 grid intersects or observation points on each sub- site. At 
each intersect , measurement were taken with the EM38 meter in 
vertical mode. 

Two-dimensional plots of apparent conductivities were prepared from 
the results of the EM survey. Figures 4, 5 and 6 represent plots 
of apparent conductivity measurements obtained with the EM38 meter 
in sub-sites A, B, and C, respectively. In each of these figures, 
the contour interval is 2 mS / m. 

Sub- site A is representative of sites underlain by multiple layers 
of debris (see Fig. 4). These layers are assumed to contain 
abundant cultural features. At sub-site A, values of apparent 
conductivity range from 7 to 29 mS / m. The lowest values of 
apparent conductivity are in the eastern portion of the sub- site 
where the depth to bedrock is less than 1.0 meter. The highest 
values of apparent conductivity are in the western portion of the 
sub- site adjacent to the convex shoulder slope area of the tell. 
Here, it was assumed, layers of debris are deepest and buried 
structures more abundant. In addition , the closely spaced 
isopleths with complex and irregular patterns in this area of the 
sub-site suggest disturbed and variable soil conditions. These 
conditions suggest the presence of buri ed cultural features. 

Sub-site B is representative of sites with chert and limestone 
bedrock at or near the surface ( see Fig. 5 ) . Values of apparent 
conductivity were fairly uniform across this sub- site and ranged 
from 2 to 8 mS / m. In the eastern portion of the sub-site, two 
''depression- like" areas of apparent conductivity values may 
indicate the occurrence of shallow to moderately deep, air-filled 
cisterns. In Figure 5, the larger and more pronounced "depression­
like" area has been labeled "A." 

Sub- site c is representative of interior areas having deeper layers 
of fill or soil materials with values of apparent conductivity 
greater than 15 mS / m ( see Fig. 6 ) . This sub- site is located in the 
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prominent ridge of higher apparent conductivity values which 
extends across the summit area in a southwesterly direction. 
Within this sub-site , values of apparent conductivity range from 12 
to 26 ms/m. Generally, within sub-site C, isopleths are relatively 
widely spaced and uniform suggesting natural or undisturbed soil 
conditions. However, the linear feature in the northern part of 
the sub-site invites exploratory investigations. 

On the summit area of Tell Halif, EM techniques helped 
archaeologist identify unique areas of similar soil or geologic 
conditions and delineate the boundaries of disturbed soils which 
may contain bur ied cultural features and bedrock controlled 
surfaces underlain with cisterns. 

Site 301A-
This survey site is located on the eastern lower backslope to Tel l 
Halif. A 60 by 25 meter rectangular grid was established across 
this site. Figure 7 is a two- dimensional contour plot of the 
surface topography. The contour interval is 0 .5 - meter. The lowest 
point within the survey area was used as the 0.0 meter datum. 
Within the survey site, relief was slightly greater than 3.5 
meters. The surface descends toward the east. 

The survey site was in open woodland. The site contained an open 
excavation pit (from 1987) and the western extremity of a low, 
linear artificial mound (see "A" in figures 7, 8 and 9). The grid 
interval for this reconnaissance survey was 5.0 meters. This 
provided 76 grid intersects or observation points. At each 
intersect, measurement were taken with the EM31 meter in both the 
horizontal and vertical modes. 

Two- dimensional plots of apparent conductivities were prepared from 
results of the EM survey. These plots present data obtained with 
EM31 meter in the horizontal (Figure 8) and vertical (Figure 9) 
dipole modes. In each of these figures, the contour interval is 2 
ms/m. 

several inferences can be made from figures 8 and 9. A comparison 
of the two figures reveals that values of apparent conductivity 
generally increase with soil depth. The same relationship occurred 
on the summit of Tell Halif where it was attributed to greater 
concentrations of soluble salts (carbonates), finer textured soil 
materials, more conductive geologic strata (marl versus chert), or 
increases in volumetric water content with depth. 

With the exception of the extreme southern part of the site, values 
of apparent conductivity decreased with elevation. This "terrain 
affect" results from changes in moisture contents and lithology. 
Points at higher elevations generally have drier soils and may be 
underlain by strata which are lithologically different than strata 
in lower-lying positions. 
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In the extreme southern part of the site, values of apparent 
conductivity increased toward the southwest, south, and southeast. 
As the isopleths in figures 8 and 9 are widely spaced and sub­
parallel , these patterns suggest changes in soil type rather than 
the presence of buried cultural features. 

In both figures 8 and 9, irregular isopleth patterns immediately to 
the northeast of the excavated area suggest the possible occurrence 
of disturbed soil conditions. As several silo- like structures were 
identified in the excavated area, the presence of additional buried 
cultural features in this area is highly probable. 

At Site 301A, an EM survey did not reveal the presence of any 
large, highly contrasting subsurface anomaly. Isopleth patterns 
were considered normal and reflected gradational changes in soil 
type or features. However, a weakly expressed zone of irregular 
isopleth patterns in an area to the northeast of an excavated pit 
suggested the possible occurrence of buried cultural features. 

Site 301B-
Tnis survey site is located on the eastern lower footslope to Tell 
Halif. This site is located to the southeast of Site 301A. A 90 
by 75 meter rectangular grid was established across this site. 
Figure 10 is a two-dimensional contour plot of the surface 
topography. The contour interval is 0.5-meter. The lowest point 
within the survey area was used as the 0.0 meter datum. Within the 
survey site, relief was slightly greater than 8.5 meters. The 
surface descends toward the east. 

The survey site was in an open field. The site contained an open 
excavation pit and a low, linear artificial mound of earthen 
materials (see "A' in Figure 10 ) . The grid interval for this 
reconnaissance survey was 5.0 meters. This provided 258 grid 
intersects or observation points. At each intersect, measurement 
were taken with the EM31 meter in both the horizontal and vertical 
modes. 

Two-dimensional plots of apparent conductivities were prepared from 
the results of the EM survey. These plots present data obtained 
with EM31 meter in the horizontal (Figure 11 ) and vertical (Figure 
12 ) dipole modes. In each of these figures, the contour interval 
is 5 ms / m. 

Several inferences can be made from figures 11 and 12. A 
comparison of the two figures reveals that, like the other survey 
sites, values of apparent conductivity generally increase with soil 
depth. This relationship can be attributed to greater 
concentrations of soluble salts (carbonates ) , finer textured soil 
materials, more conductive geologic strata (marl versus chert ) , or 
increases in volumetric water content with depth. 

With the exception of an area immediately upslope of the low, 
narrow earthen mound shown in Figure 10 1 values of apparent 
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conductivity decreased wi th elevation. This "ter rain affect" 
results from changes in moisture and clay contents and/or 
lithology. Points at higher elevations generally have drier soi l s 
with water tables at greater depths, and may be l i thological l y 
different t han t hose on lower-lying positi ons. 

In the southwest portion of the site, a large anomalous area o f 
higher apparent conductivity values occurs i mmedi ately upslope of 
the low, narrow earthen mound (around "A" in figures 11 and 12). 
I n Figure 11, a conspi cuous east-west t rending linear trough of 
lower apparent conductivity values (center ed on "A") divides the 
anomalous area. Thi s linear feature is undoubtedly artificial. 
However, considering that a 5 meter grid i nter val was used in this 
survey, more observation points would be necessary to improve the 
definition and extent of this linear feature. I n Figure 12, with a 
deeper depth of penetration and larger volume of soil materials 
averaged i nto the apparent conductivity measurements, this linear 
feature is no longer detectable. However, the anomalous area of 
high apparent conductivity values (center ed about "A") remains well 
expressed. 

In both figures 11 and 12, a point anomaly occurs at "B." Thi s 
anamoly i s believed to represent either a buried metallic object or 
a place where livestock congregate. The anomalous isopleth 
patterns near "C " may reflect a response from buried cultural 
features, the presence of a fence line, differences i n management 
practices between fields, or variations in soil properties. As 
this area (near "C" ) is adjacent to an excavated area in which a 
large , buried structural feature was found, it is possible that the 
EM response reflects disturbed soil conditi ons and buried cultural 
features. 

At Si te 301B, an EM survey reveal the presence of several large, 
highly contrasting subsurface anomaly. Within these anomalous 
areas, isopleth patterns were irregular and highly contrasting. 
These strongly expressed zone of irregular isopleth patterns 
suggest the possible occurrence of buried cultural features. 

GPR Surveys 
In 1987, ground- penetrating radar surveys were conducted at Tell 
Halif. Results from these surveys have been reported by Cole 
(1988), Doolittle (1988), McAleer (1988), and Doolittle and Miller 
(1991). 

Analysis of data from reconnaissance EM surveys revealed the 
general location of large or clustered subsurface anomalies and the 
gross characteristics of various sites. Once the general locations 
of anomalies within large areas have been defined, gr ids with 
smaller intervals (1 m) can be established over selected sites. 
The use of more closely-spaced grid intersects helps to pinpoint 
the location, define the spatial extent, and resolve the identity 
of subsurface anomalies and features. These smaller grids can be 
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more intensively sampled using either GPR and EM techn i ques, or 
both. 

The sub- sites sampl ed with the EM38 meter on the sununit of Tell 
Hal i f are examples of this appr oach . These sub- sites helped to 
define the spatial extent of subsurface anomalies. However, 
because of the low resolution of EM meters , it was difficult to 
infer the identi ty or characteristics of subsurface anomalies. In 
some soils, because of its superior resolution, radar is a more 
appropriate tool than EM for locating and characterizing buri ed 
cultural features . 

The reconnaissance survey with the EM31 meter on the sununit of Tell 
Halif revealed that areas having deeper layers of fill or soil 
materials have values of apparent conductivity greater than 15 
mS/m. These areas are suspected of containing greater amounts of 
buried cultural features . One such area was located along the 
western rim of the tell in an area known to contain buried 
structural features including a glacis. It was inferred from the 
results of the reconnaissance survey that this area contained 
significant amounts of buried cultural features and consisted of 
deep layers of debris and soil materials. A portion of this area 
was more intensely sampled with the EM38 meter (Sub- site A). Two 
dimensional plots from the detailed EM38 survey revealed closely 
spaced isopleths with complex and irregular patterns. These 
patterns suggested disturbed and variable soil conditions and the 
most probable, general location of buried cultural features. 
However, resolution of subsurface features is generally poor with 
EM techniques. 

Based on the two-dimensional plots produced from the EM surveys, a 
GPR survey scheme can be developed and initiated to refine the 
resolution of subsurface features. Radar surveys were conducted in 
the area inunediately north of sub-site A. An irregularly shaped 55 
by 17.5 meter rectangular grid was established across this sit~. 
The grid interval for a preliminary GPR survey was 2.5 meters. 
Radar surveys were conducted by pulling the 120 MHz antenna along 
parallel grid lines. As the radar antenna passed referenced grid 
intersects, the operator electronically inserts a dashed, vertical 
line on the radar's graphic profile. 

After plotting the distribution of subsurface anomalies detected in 
the preliminary GPR survey (see Figure 13), a more detailed survey 
was conducted in an sub-area of the initial grid. This sub-area 
appeared to have a relatively high concentration of subsurface 
anomalies (see inset to Figure 13). The grid interval for this 
survey was 1.0 meter. 

Figure 14 is a representative profile from the preliminary radar 
survey. This profile was obtained from a radar traverse along 
line 6 (from A to near H). Depth and distance scales are along the 
left and top margins of this figure, respectively. All 
measurements are in meters. Alternate, vertical reference lines 
have been labeled. In Figure 14, a metallic reflector (see A in 
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Fig, 14) was identified and located by recognizing its 
characteristic "ringing" pattern of reverberated signals. This 
object was latter identified as a piece of barbed wire. Several 
additional anomalies appear in this figure (see B, C, and D). 
These anomalies are nonmetallic and their arrangement suggests a 
buried structural feature. 

While the GPR detects subsurface anomalies, it does not identify 
subsurface features. Unless sufficient probings are made using 
traditional archaeological techniques, the identity of images must 
be inferred. However, with experience and sufficient probing, many 
subsurface features can be identified by the uniqueness of their 
graphic signatures. 

CONCLUSIONS 
The use of geophysical techniques for archaeological investigations 
is in an active stage of growth and development. This trend has 
been accelerated by growing commercialization and familiarity with 
these tool's applicability to archaeological investigations. The 
use of geophysical techniques compliment but does not replace 
traditional archaeological methods. Results from geophysical 
investigations are often tentative and incomplete until 
interpretations are confirmed by traditional archaeological 
methods. 

Though each of these methods can be used autonomously, this study 
stressed the need for an integrated or comprehensive approach. An 
integrated approach makes use of two or more geophysical and/or 
remote sensing tools as well as conventional archaeological 
techniques. This process provides more site information than a 
single method and can be used to reduce field time, increase 
coverage, facilitate excavation strategies, and better define the 
locations of subsurface anomalies. In addition, ambiguities 
inherent in interpreting data from a single technique can be 
reduced when two or more methods are employed. 
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