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1. Introduction
The FM Ranch Campsite (EfPk-1) is one of the bet-

ter-known archaeological sites damaged by the 2013 
catastrophic flooding that took place in southern Alber-
ta (see Gilliland 2017). Since the official recording of 
EfPk-1 in 1958 (Glenbow Foundation 1959), portions 
of the site have been designated as a Provincial Historic 
Resource (PHR), making it one of the Province’s most 
highly valued archaeological resources. 

One of the requirements of the 2015 FM Ranch 
Campsite mitigative study was to excavate a block of 9 
square metres within Locality One at EfPk-1 (referred 
to as Study Area C; see Gilliland 2017). In order to in-
crease the likelihood of encountering significant cul-

tural deposits (such as an artificial combustion feature, 
i.e., “hearth”), Western Heritage conducted a magnetic 
gradiometer survey within a 30-metre-square section of 
Locality One that had previously demonstrated the pres-
ence of artifacts.

2. Background to magnetometry on 
archaeological sites

Magnetic survey (magnetometry) is a well-known 
method of non-destructive, subsurface inspection of 
a study area. Magnetometry measures variations in 
the Earth’s magnetic field due to physical or chemical 
changes near the ground surface. For example, upon 
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archaeological site can prove to be a hindrance to interpre-
tation when attempting to detect features such as hearths, 
which produce subtle magnetic anomalies. However, at 
post-contact sites, the presence of buried iron artifacts can 
be useful in defining the locations of features prior to ex-
cavation, if the artifacts are associated with cellars, pits, or 
structural walls.

2.1 Induced magnetic anomalies
Induced magnetic (paramagnetic) field anomalies can be 

complex to understand and interpret, particularly at archae-
ological sites. As a brief explanation, an example is provid-
ed below.

A local magnetic anomaly exhibits a field intensity, as 
shown in Figure 1. This field intensity resembles the theo-
retical magnetic configuration of a simple bar magnet, with 
a positive and negative pole. Magnetic intensity is usually 
measured in nanoTeslas, and that intensity is usually around 
60,000 nanoTeslas in southern Alberta (Gibson 1986). In 
older magnetic studies, the measurement value was often 
called a gamma, but a gamma and a nanoTesla are essential-
ly measuring the same thing.

Magnetic intensity is measured using a device called a 
magnetometer. It consists of a sensor system (where mag-
netic intensity is sampled) and an instrument package that 
interprets the sensor data and yields a magnetic measure-
ment in nanoTeslas. For the Locality One survey, a specially 
configured magnetometer, called a gradiometer, was used. 
This is an instrument that measures the local magnetic field 
in two locations, with the sensors separated vertically, usu-
ally by 50 centimetres (Figure 2). The gradiometer yields a 
magnetic value that is the difference between the lower and 
upper sensor measurements, rather than the intensity of the 
total field. The advantage of this kind of instrument is that it 
simplifies the collection of field data by eliminating the ef-
fect of natural variation that occurs in the Earth’s magnetic 
field over time, but there are limitations to one’s ability to 
analyze the general character of the magnetic data collected 
during the survey, as will be discussed later in this paper.

The magnetic method is most effective in discerning mag-
netically susceptible objects and features that are located as 
close as possible to the points of measurement (Figure 3). As 
the gradiometer approaches the anomaly, the field strength 
intensifies greatly on the “positive” side, then decreases in 
the “negative” area. Induced anomalies are canted at an an-
gle due to the direction of the Earth’s magnetizing field, as 
experienced in the FM Ranch survey area; this angle varies 
depending on the location of measurement relative to the 

heating to a specific temperature (the Curie point), the mag-
netic orientation of certain materials is reset (e.g., for iron 
compounds, this is approximately 770 degrees celsius) in 
a process called “thermo-remnant magnetization”. As the 
material cools, it acquires a new magnetic orientation ac-
cording to its position. This new orientation can be detected 
by obtaining precise measurements of magnetic intensity at 
specific points in the ground within the vicinity of the ma-
terial. Fire-broken rock (a common find at archaeological 
sites), for example, is therefore often detectable, particular-
ly if it has been fired in-place and has not been disturbed. 
However, previous studies have demonstrated that fired 
rock that has been displaced also retains some of its ther-
mo-remnant magnetic characteristics, producing detectable, 
localized magnetic anomalies (Gibson 2007). 

Concentrations of culturally-fired objects, such as 
fire-broken rock, bricks, and pottery, are often detectable 
using magnetometry; however, additional and arguably 
more meaningful factors in magnetic detection at precon-
tact archaeological sites are the characteristics of certain 
soil deposits. As soils are heated to high temperatures and 
subsequently cooled, ferrous (i.e., iron-rich) compounds in 
them change from being non-magnetic to slightly magnetic. 
These localized changes can produce secondary magnetic 
fields within the Earth’s powerful magnetic field through 
electromagnetic induction, often referred to as “paramag-
netism”. Long-term organic decay also contributes to this 
compound conversion process. Soils so affected are com-
monly considered to have acquired “enhanced magnetic 
susceptibility”, a phenomenon that has been previously 
studied and recognized as an indicator of past in situ firing 
(Tite and Mullins 1971; Gibson 1986). Localized artificial 
combustion features such as fire hearths and pits are thus po-
tentially detectable using magnetometry, although research 
suggests that they must be substantial in size, and fired ei-
ther multiple times or over a long time period (Gibson 1986, 
2007). Additionally, the soil parent material must contain 
compounds (i.e., ferrous compounds) that are susceptible to 
a heat-induced change in magnetic susceptibility. 

Magnetometry may also be used to detect other features, 
such as un-fired pits, brick foundations, and even cobble 
floors. This is feasible because the features’ compositional 
characteristics exhibit either thermo-remnant magnetization 
or paramagnetic effects, or simply because the content or 
composition of the feature is different from that of the sur-
rounding soil. Such differences causes weak changes in the 
local magnetic environment that may be detectable. Iron, 
cobalt, and nickel-based alloys also produce considerable 
and detectable anomalies through induction (referred to as 
“ferromagnetism”). The presence of iron artifacts within an 
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netic intensity differences fall off drastically and magnet-
ic objects escape detection even when the most sensitive 
measurements are employed. Therefore, more deeply bur-
ied anomalies must produce significant perturbations in the 
Earth’s magnetic field if they are to be detectable.

Figure 3 displays a theoretical anomaly from a point 
source, such as a piece of iron. Anomalies produced by 
clustered and dispersed deposits of paramagnetic materi-

Earth’s north and south magnetic poles. When reproduced 
on a plan map of magnetic survey values, the negative part 
of the anomaly is often a fraction of the strength of the pos-
itive anomaly, due to the extension of the negative magnetic 
field below ground, away from the sensors. As the distance 
from the sensors increases (i.e., with greater depth), mag-

Figure 1. Magnetic anomaly configuration in Alberta. Blue lines represent “negative” magnetic in-
tensity and red lines represent “positive” magnetic intensity.

Figure 2. FM 256 gradiometer.

Figure 3. Measuring an anomaly with a gradiometer (profile looking 
east), with the associated plan view map of the results below. 
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0.5 nanoTeslas at any given location (often somewhat 
higher) and this proved to be the case for the Locality One 
(Study Area C) survey at EfPk-1 (see below). Therefore, 
in principle, any buried features present within the site that 
generate an average magnetic value greater than 0.5 nan-
oTeslas can be detected.

Since many thousands of measurements are usually ac-
quired during the gradiometer survey, the resulting com-
bined dataset is suitable for analysis from a statistical point 
of view. In fact, not only is statistical analysis used to deter-
mine the standard error in data collection, but it also helps to 
isolate and identify specific magnetic anomalies with some 
degree of statistical confidence. Identification is accom-
plished by organizing the dataset from a surveyed grid or 
collection of grids into a Gaussian (normal) random distri-
bution of values that is centred at zero nanoTeslas and rang-
es in a normal curve between a negative value and a positive 
value. In a surveyed area completely devoid of magnetic 
anomalies, approximately zero nanoTeslas would be re-
corded for every measurement. However, instrument error, 
sensor positioning error, and natural site soil conditions 
cause the distribution to vary less than and more than zero 
nanoTeslas, resulting in a cloud of random “noise” values 
that usually centre at zero nanoTeslas. Statistically, it is very 
unlikely that this random noise would exceed three standard 
deviations (0.1 percent chance) beyond the noise level, and 
there is only a 2.5 percent chance that this would occur at 
two standard deviations (Geoscan Research 2005:3–28). In 
principle, therefore, preparing analytical maps using values 
that conform to this statistical approach would allow one to 
isolate significant anomalies for further investigation. We 
used this statistical approach as the foundation for the anal-
ysis of magnetic data collected at Locality One at the FM 
Ranch Campsite.

2.3 Precise field detection of hearths: handheld 
magnetic susceptibility

In contrast to gradiometer surveys that detect magnetic 
anomalies, magnetic susceptibility measurements charac-
terize the response of minerals when they are exposed to 
a magnetic field. A magnetic susceptibility measurement 
is a dimensionless value, most often measured in Interna-
tional System of Units derived from the French Système 
International d’Unités (Pass and Sutcliffe 1971). Magnetic 
susceptibility is of interest in archaeology because it can 
document mineral changes induced by burning or during 
soil formation (i.e., due to these processes, magnetic sus-
ceptibility values will be elevated relative to the values for 
soils or sediments that have not undergone these processes). 
Therefore, magnetic susceptibility can be used to identify 

al, such as would be expected from a hearth, are somewhat 
more complex and often do not display the “classic” anom-
aly configuration produced by something like a buried iron 
bar, or a large magnetic rock. Hearths and similar kinds of 
sources have not been extensively studied in any detail, and 
much remains to be understood about how these features 
are represented magnetically at archaeological sites. As can 
be seen in Figure 3, as the source of the anomaly becomes 
more distant from the sensors (i.e., is more deeply buried), 
the likelihood of its detection is greatly reduced.

2.2 Magnetic survey method
The Locality One (Study Area C) magnetic survey at 

EfPk-1 employed an FM256 gradiometer and associated 
interpretive software (GeoPlot [Geoscan Research 2005]) 
specifically designed for archaeological work. The instru-
ment is generally accurate to plus or minus 0.1 nanoTeslas. 
The FM256 has a built-in position logging system, and 
stores up to 256,000 magnetic intensity measurements and 
their associated grid coordinates. The instrument can also 
record up to 16 readings per second (although eight is nor-
mal). 

To survey an area, one simply walks along a measured 
distance at a regular pace and magnetic measurements are 
automatically streamed into the data logger. A gradiome-
ter such as the FM256 is particularly sensitive to objects or 
features that are located within a metre or less of its sensor 
array, so it is important to collect data in a relatively in-
tensive manner (i.e., at close intervals). Therefore, for the 
Locality One survey, the transects were 30 metres long and 
spaced 0.5 metres apart (60 transects). Eight readings were 
collected per metre, at a linear collection speed of about 1 
metre per second. Using this system, eight measurements 
x 30-metre line length x 60 transects = 14,400 readings that 
were collected within the 30-by-30-metre grid. 

Following information collection using the FM256, data 
were transferred to a computer for processing, using the 
GeoPlot software. This software permits the data to be or-
ganized, processed for clarity, mapped, and statistically an-
alyzed for interpretation. As discussed above, the FM256 
is a gradiometer, meaning that instead of measuring the 
Earth’s total magnetic field at any point, it measures its dif-
ference as registered by two sensors spaced 50 centimetres 
apart, roughly 30 centimetres and 80 centimetres from the 
ground surface. If there are no anomalous features within 
an assessed grid or collection of grids, the average magnetic 
value between the two measured points should be roughly 
similar (i.e., 0 nanoTeslas). Even in the most anomaly-free 
areas, normal soil variability can approach plus or minus 
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on-the-spot decision-making that can direct excavation to-
wards more effective field collection of meaningful archae-
ological data.

The use of the KT-10 instrument to record susceptibili-
ty is a relatively simple task. In the case of the 2015 field 
investigations at EfPk-1, to obtain a measurement, the sen-
sor part of the instrument was pressed firmly against a level 
sediment surface, and a button pressed to initiate the read-
ing. After 1 second, the instrument displayed the suscepti-
bility reading, which was then recorded. The area sampled 
by the instrument was roughly 3 centimetres in radius, and 
the general volume of susceptibility was encapsulated in 
that radius to a depth of approximately 3 centimetres into 
the soil. For the excavation block C (i.e., Locality One), 
susceptibility measurements were taken in every unit per 
every 50-centimetre quadrant, starting at the surface of the 
excavation (level zero). Therefore, measurements were col-
lected for all four quadrants of level zero at 0–3 centimetres 
depth, for level one at 10–13 centimetres depth, for level 
two at 20–23 centimetres depth, and so forth to level seven 
at 70–80 centimetres depth.

When measuring sediments within a stratigraphic profile 
at a precontact-aged archaeological site, magnetic suscepti-
bility values that are elevated with respect to the background 
signal may represent several different phenomena. These 
may include a change in the sediment source (i.e., with 
distinct magnetic characteristics), the former presence of 
soil-forming bacteria (i.e., a former soil surface that was 
possibly associated with cultural activity), or repeated burn-
ing activity taking place at or near the sampled area. Sedi-
ments with elevated values may also reflect cultural burning 

former land surfaces or sediments associated with cultur-
al activity, particularly with repeated and focused burning 
events, such as in a hearth (Thompson and Oldfield 1986; 
Dearing 1999; Ketterings et al. 2000).

The standard method for measuring magnetic suscepti-
bility during unit or block excavation at an archaeological 
site is to collect soil samples on a regular basis across an 
exposed surface, within distinct levels of individual ex-
cavation units, or at regular intervals down a vertical soil 
profile. The susceptibility of each sample is measured us-
ing a special instrument and the values are plotted on a 
map. Elevated susceptibility is then used as an indicator of 
the presence of a possible hearth or hearth-related feature, 
even if the feature was not clearly visible during excava-
tion. In Alberta, this type of analysis was recently under-
taken at EjPg-30, a multicomponent site near Three Hills, 
in the southern part of the province (Norris et al. 2012). At 
that site, magnetic susceptibility measurements supported 
the field interpretation of a hearth that was only faintly dis-
cernible, visually, and also helped to identify an adjacent 
feature that may represent the secondary disposal of hearth 
contents (i.e., possibly resulting from cleaning activities). 
The drawback to using this approach of susceptibility 
measurement is that it is time-consuming to properly col-
lect the samples, and requires time to process and measure 
the samples in the laboratory following field collection, 
a task generally undertaken as part of artifact-processing 
activities.

However, relatively recent developments allow soil mag-
netic susceptibility to be measured instantaneously in the 
field during excavation using a hand-held instrument, such 
as the handheld Terraplus KT-10 meter (Figure 4). For ex-
ample, Western Heritage employed a handheld magnetic 
susceptibility meter to detect the remnants of ancient, vi-
sually undetectable hearth features using in situ measure-
ments on soils from Palaeoindian- and Archaic-Period ar-
chaeological sites adjacent to the northwest shore of Lake 
Superior (Gibson 2012, 2017a; Gibson et al. 2017). Com-
parisons of the handheld magnetic susceptibility measure-
ments with traditional soil sampling methods (described 
above) demonstrate similar results, suggesting that hand-
held, field-based measurements are as reliable as those 
obtained using a traditional approach. However, handheld 
magnetic susceptibility measurements are considerably less 
labour-intensive to acquire, and eliminate the need for post-
field laboratory processing. This approach provides the 
added benefit that field recording of susceptibility can alert 
excavators to the presence of a possible burn feature, even 
when there is no obvious visual evidence of the feature. 
In-field data indicating a possible hearth feature allows for 

Figure 4. Collecting in-field handheld magnetic susceptibility measure-
ments using the KT-10.
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3. Magnetic and susceptibility assessment results

3.1 Gradiometer survey results
Figure 5 illustrates the preliminary map and magnetic 

statistical summary generated from the raw, unprocessed 
gradiometer data collected from the 30-by-30-metre grid 
assessed within Study Area C (Locality One). For the entire 
grid, the mean of the magnetic gradient is essentially zero 
nanoTeslas, suggesting minimal variability, as reflected in 
the maximum (14.4 nanoTeslas) and minimum (-3.9 nano-
Teslas) magnetic gradient readings. The standard deviation 
of the values about the mean of zero is 0.6 nanoTeslas, 
largely reflecting general, natural-soil magnetic variability. 
As Figure 5 illustrates, representation of this magnetic vari-
ability using a greyscale gradation from low (white) to high 
(black) within the variability range (3 x standard deviation 
of 0.58 nanoTeslas = 1.74) exhibits a somewhat blotchy 
map, but with occasional, more intense high/low locations 
appearing in a few places.

To refine the analysis for easier interpretation, the stan-
dard procedure is to apply three times the standard devia-
tion beyond the mean and filter out this natural variability 

activities that have either taken place repeatedly within an 
in situ hearth or fire pit (as described above), or that have 
taken place elsewhere, with the resulting heated sediments 
being subsequently, secondarily discarded in the sampled 
location as a result of hearth/fire pit cleaning. Experimental 
studies have demonstrated that magnetic susceptibility val-
ues increase with repeated firing of the same hearth or fire 
pit, particularly with three or more uses (Tite and Mullins 
1971; Gibson 1986). 

For Study Area C at EfPk-1 (Locality One), nearly 350 
magnetic susceptibility measurements were collected and, 
like magnetic gradient survey data, are considered to rep-
resent a robust statistical sample. The measured minimum 
susceptibility value in International System of Units for the 
Locality One excavation was 0.09, the maximum was 1.74, 
the average was 0.24, and the standard deviation of the data 
sample was 0.10 International System of Units. As a gen-
eral indicator of unusual block susceptibility, a susceptibil-
ity measurement greater than one standard deviation above 
the mean was arbitrarily chosen as significant. Therefore, 
excavation areas exhibiting International System of Units 
approaching 0.30 or greater were identified as indicating el-
evated soil magnetic susceptibility.

Figure 5. Raw unprocessed magnetic relief of the Locality One (Study Area C) magnetic grid, showing statistical 
summary of data.
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placed within their stratigraphic context and subsequently 
interpreted to represent four primary and successive occu-
pation zones in the area of the excavation (Figure 8). At the 
base of the exposed block, an artifact-rich layer was located 
directly on top of the basal gravels and cobbles (level seven, 
occupation zone four), in association with red- and black-
stained soils that suggested the presence of a hearth in the 
southwestern corner of the excavation unit (see Figure 9). 
As a result of this discovery, an additional 3 square metres 
of excavation units were added to the southwestern corner 
of the excavation block, in order to fully sample the ex-
posed cultural feature.

3.3 Mapping magnetic susceptibility
As discussed in 2.3 above, magnetic susceptibility mea-

surements were collected from the Locality One block 
excavation for each level in the centre of each “quad” 
(50-centimetre square within each 1-metre-square excava-
tion unit) using the handheld KT-10 instrument. Measured 
magnetic susceptibility typically remained below one stan-
dard deviation of the mean (i.e., <0.30 International System 
of Units) for all excavated levels from the modern surface 
to the base of occupation zone two. Elevated susceptibili-
ty was recorded in the southeastern part of the excavation 
block in occupation zone three (Figure 10) and consider-

(background “noise”), in order to highlight statistically sig-
nificant, anomalous magnetic activity in the grid (presented 
in Figure 6). The results of these analyses highlighted sev-
eral anomalies, including the complex anomaly illustrated 
in Figure 6.

The statistical analysis map data were converted to an 
isopleth representation (a line on a map connecting points 
having the same numerical value, e.g., a contour map) and 
plotted with reference to the site coordinate grid for on-
ground relocation. This revealed three primary areas where 
anomalies occurred (Figure 7). One of these appeared to 
be appreciable, as it demonstrated multiple, clustered, high 
magnetic readings within several square metres of ground, 
accompanied by a single, low magnetic anomaly (represent-
ed in detail on the inset map of Figure 7). The location of 
this cluster was selected to undergo detailed excavation, as 
it had magnetic characteristics that suggested it represented 
one or more buried cultural combustion features.

3.2 Anomaly verification through excavation
As discussed in secopm 3.1 above, a 3-metre-square block 

excavation was placed over the area in Locality One (Study 
Area C) that demonstrated subsurface magnetic anoma-
lies. Artifact recoveries resulting from the excavation were 

Figure 6. Statistical summary of magnetic relief within the surveyed grid.



89

Gibson / Archaeological Survey of Alberta Occasional Paper 37 (2017) 82–93

Figure 7. Isopleth map of magnetic relief in Locality One (Study Area C) in EfPk-1, plotted with reference to the local excava-
tion grid to facilitate on-ground relocation.

Figure 8. Stratigraphic summary of Locality One (Study Area C), EfPk-1. Image from Gilliland et al. 2016:84.
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Figure 9. Plan view of red and black stained soil with elevated magnetic susceptibility, Level 7 (Occupation 
Zone 4), 659 to 660N/187E, Locality One block excavations (Study Area C). Image from Gilliland et al. 2016:83.

Figure 10. Systematic handheld magnetic susceptibility readings (SIU) for Occupation Zones 3 and 4 in the Locality One 
(Study Area C) excavation block.
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presence of additional elevated susceptibility readings and 
reddened soil in occupation zone four in the northern part of 
the excavated block suggests an additional hearth was pres-
ent, although this was not confirmed. Another possibility is 
that the elevated readings in the northern part of the block 
represent the dispersal of hearth materials across the zone 
four living floor during use, or post-habitation.

Also of interest was the detection of localized, elevated 
magnetic susceptibility readings in occupation zone three, 
1 metre to the east of, and 20 centimetres above the elevat-
ed readings in occupation zone four (Figure 10). The ele-
vated measurements in zone three were not accompanied 
by noticeable soil reddening or darkening, and could indi-
cate that the hearth remains from occupation zone four may 
have been dispersed vertically within the stratigraphic pro-
file long after the combustion feature was buried, possibly 
due to undetected rodent activity. Alternatively, the suscep-
tibility readings in occupation zone three could represent 
an additional intact hearth feature; however, it is currently 
unknown which of the two options is most likely. The pres-
ence of discontinuous soil A horizons in occupation zone 
three attest to the fact that disturbance, including bioturba-
tion, has occurred within the profile. Further stratigraphic 
analysis of the Locality One area (Study Area C) using por-
table optically-stimulated luminescence (see Gilliland et al. 
2016 and Gilliland 2017) produced inconclusive results 
and cannot provide useful data regarding disturbance. The 
two interpretations of the elevated susceptibility readings 
for occupation three must therefore remain as possibilities, 
as experience has demonstrated that it is not uncommon for 
intact combustion features to remain undetected during the 
excavation of archaeological deposits that are not well-de-
fined by easily tracked depositional sequences. That said, 
this study demonstrates the usefulness of magnetic suscep-
tibility measurements in detecting sediments that have un-
dergone combustion, information that can be used to make 
more robust interpretations of hearth features.

5. Concluding discussion
This study has demonstrated that the gradiometer sur-

vey was successful in determining the general location of 
a cultural combustion feature. However, subsequent, de-
tailed stratigraphic analysis using magnetic susceptibility 
mapping indicated that the primary subsurface source of the 
magnetic anomaly (i.e., the hearth feature at the base of oc-
cupation zone four/level seven) was somewhat complex, in 
that, materials with elevated susceptibility were distributed 
horizontally and vertically. This complexity could not be 
interpreted using the initial, relatively limited data produced 
by the gradiometer. In particular, the gradiometer could not 

ably elevated susceptibility (>0.70 International System of 
Units—more than four standard deviations over normal val-
ues) was measured 1 metre to the west in occupation zone 
four. The elevated susceptibility readings in occupation 
zone four correlate with the area of soil reddening and dark 
staining in that corner of the excavation (mentioned in 3.2 
above). Localized elevated susceptibility was also recorded 
in the northeastern corner of the block, where a red stain 
was observed. However, no other measurements were made 
in the northern half of the base of occupation zone four in 
that area, so the extent of the elevated measurements is not 
known. This is due, in part, to a recording error for one unit, 
but primarily because susceptibility measurements for level 
seven (occupation zone four) were limited to six excava-
tion units, since the basal topography of the other units was 
considered to be too uneven (due to the cobbles) to obtain a 
reliable reading from the instrument.

4. Assessment conclusions

4.1 Effectiveness of magnetic survey program
Though relatively limited in extent, the geophysical sur-

vey undertaken on the FM Ranch Campsite (EfPk-1) in 
2015 delineated several areas of magnetic anomalies within 
a 30-metre-square grid that were interpreted as represent-
ing locations of buried combustion features (hearths). The 
typically uniform and undisturbed nature of the sediments 
at the site allowed relatively straightforward analysis and 
interpretation of the data, resulting in the definition of one 
larger magnetic anomaly area and several lesser anomalies. 
The largest anomaly area was further examined by exca-
vating a 3-metre-square block. This excavation produced 
what appeared to be the remnants of a combustion feature 
(hearth), encountered at the base of occupation zone four at 
about 70 centimetres depth, although the remains were not 
particularly visually apparent or well-defined during exca-
vation.

Although of lower intensity, the smaller anomalies identi-
fied in the 30-metre-square area of gradiometer survey like-
ly represent the remains of other hearths, but they were not 
investigated during the excavation program.

4.2 Effectiveness of the magnetic susceptibility 
measurement program

Systematic handheld measurements of in situ soil mag-
netic susceptibility during block excavations in Locality 
One (Study Area C) helped to more clearly demarcate the 
remnants of the hearth observed in the southwestern corner 
at the base of occupation zone four (see 3.3, above). The 



92

Gibson / Archaeological Survey of Alberta Occasional Paper 37 (2017) 82–93

netic measurements at multiple depths in finer increments 
(e.g., with sensors spaced 10 or 20 centimetres apart rath-
er than 50 centimetres apart) would sample an anomaly, 
particularly a weak anomaly, in much greater detail. The 
instrument would be able to provide more data to char-
acterize the nature of the anomaly source, especially if it 
consists of dispersed, magnetically-susceptible material. 
As well, early experimental evidence suggests that refer-
ence to the Earth’s total magnetic field (rather than a de-
rived gradient, upon which the gradiometer is based) can 
provide more information that can be used to differentiate 
point-source archaeological features, such as buried solid 
objects, from more diffuse features, such as pits (Gibson 
1982, 1986). Successful use of total field data would re-
quire reference to a static (i.e., non-moving) sensor that 
would be used to monitor the constantly fluctuating, plane-
tary magnetic field.

A suggested configuration of such a theoretical instru-
ment is shown in Figure 11. In fact, we have efforts that are 
currently underway to design and fabricate this kind of in-
strument (Gibson and Damkjar 2015; Gibson 2017b), with 
the goal of testing the apparatus in a variety of archaeologi-
cal field locations once it is completed.

determine the depth of the anomaly, nor whether it consist-
ed of a single, general source, or multiple sources located at 
various depths. Only ground-truthing the gradiometer data 
using systematic recovery of magnetic susceptibility mea-
surements during excavation demonstrated the vertical and 
horizontal distribution of this anomaly. 

Gradiometers are designed for locating potential subsur-
face archaeological features on a site, but not for interpret-
ing the results in terms of depth or character. As such, they 
are highly suitable for locating clearly defined, buried, lin-
ear features, or well-defined point features, such as pits and 
dense debris piles. However, these kinds of features occur 
quite rarely in most precontact North American archae-
ological sites. More commonly sought-after features are 
hearths, fire-broken rock clusters, and pit features, which 
tend to be poorly formed, as they are often faintly expressed 
and ephemeral when first deposited in the archaeological 
record, and become increasingly so with time.

How, therefore, can these common but ephemeral fea-
tures be more clearly discerned when conducting magnetic 
geophysical assessments? The solution may be found by 
collecting more detailed magnetic data during geophysi-
cal surveys. For example, an instrument that collects mag-

Figure 11. Schematic diagram of proposed total field instrument for analyzing complex archaeological magnetic anomalies.
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