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Abstract 

     The current state of archaeomagnetic testing, as applied to orphaned ceramic 

materials, has been assessed in this dissertation. More specifically, the combination of 

archaeointensity measurement and magnetic susceptibility testing has been examined as a 

prospective authentication method. Intended to elevate awareness and comprehension for 

archaeologists and museum professionals unfamiliar with archaeomagnetic testing, this 

study has been created in the hope that expanding accessibility will also expand the scope 

of its application. Interdisciplinary cooperation and research, fostered through increased 

access to excavation materials and data, will be integral to improving testing methods. In 

order to demonstrate the immense effort required to improve the ease and reliability of 

testing methods and the integrity of data models, the difficulties restricting the use of 

archaeomagnetic testing as a means of authentication have also been discussed in extent.  

Introduction 

Archaeomagnetism, as defined by Donald Tarling in the Encyclopedia of 

Geomagnetism and Paleomagnetism, is “the science and utilization of the magnetization 

of objects associated with archeological sites and ages” (Tarling 2007, p. 31). 

Archaeomagnetic testing procedures, which examine the magnetic properties of 

structures and artifacts, can provide a wealth of archaeological information including: 

insight into chronology, provenance, manufacture methods, firing conditions, and 

composition. To date, most archaeomagnetic studies of ceramics have been concerned 

with artifacts still in the position in which they were last heated. For the most part, this 

means ceramics that have been found in kilns, cooking hearths, or at sites destroyed by 

fire. The value of archaeomagnetic procedures for the identification of displaced ceramic 
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artifacts, objects no longer in the position in which they were last heated, has received far 

less investigation. Other authentication methods, such as radiocarbon dating and 

thermoluminescence testing (TL) have cemented their place as reliable identification 

techniques, limiting the pursuit.  

As technology advances and the cache of accumulated regional data becomes more 

complete, archaeomagnetic testing methods continue to improve. Still, because of a 

number of complications, testing and interpretation can be arduous; making some 

archaeomagnetic methods seem impractical for the examination of displaced ceramics. 

However, many of these difficulties have been resolved through extensive 

experimentation and the application of new technologies. These advances, combined with 

the resurgence of archaeomagnetic studies over the last two decades, makes an 

examination of archaeomagnetic testing necessary, to determine its current and future 

value as a means of authenticating orphaned ceramics.  

Part I: Establishing Chronology 

Directional Analysis 

Directional analysis, one of the most prominent archaeomagnetic testing methods, 

examines the fixed direction of magnetically oriented materials within baked clay 

structures and artifacts. Iron oxide minerals, such as magnetite and hematite occur 

naturally within clays, and display spontaneous magnetization. During firing and cooling, 

these minerals become magnetized and act like compasses, orienting parallel to the 

direction of the Earth’s ambient magnetic field. Their magnetic direction is fixed as a 

ceramic cools below a mineral’s Curie temperature (Tc), and then below its blocking 

temperature (TB). The Curie temperature is the thermal limit at which a magnetic material 
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loses its magnetization. This loss occurs because, above the Curie temperature, thermal 

excitations increase to a point where magnetic coupling between adjacent iron atoms is 

no longer possible. Below the Tc, but above the TB, magnetic coupling occurs, but the net 

magnetic direction fluctuates due to thermal energy. When the temperature of a specimen 

dips under the blocking temperature, the directional fluctuation slows to a point where the 

direction appears set, and the specimen acquires a remanent magnetization.  

Since the Earth’s magnetic pole shifts over time, a ceramic chronology can be 

obtained by comparing observed directional data to a global model of past pole positions. 

Regrettably, for directional analysis to be effective an archaeological sample needs to be 

found in the position where it was last heated, which is a rare occurrence. When an object 

is displaced from its position of last heating, the declination of its remanent magnetic 

field vector is lost. Because the angle between the geomagnetic pole and geographic 

north cannot be determined, directional analysis is often inapplicable to orphaned 

materials.  

Intensity Analysis 

Not only does the location of the Earth’s magnetic pole shift over time, but its field 

intensity fluctuates as well. This has given rise to the study of archaeointensity, which 

examines the strength of remanent magnetic fields. A date can be determined by 

comparing recorded historical intensities to remanent magnetic intensities stored within 

fired ceramics. Of course, since remanent magnetizations are vectors, the most useful 

archaeomagnetic examinations involve the full directional data as well as a magnitude. A 

combination of these components can give dates with a higher level of accuracy than 

either alone. Still, even though the declination is a mystery for displaced ceramics, the 
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inclination of the remanent magnetic field is often salvageable. The inclination can be 

defined as the angle between the remanent vector and the horizontal plane. For many 

ceramic pieces, the inclination at the time of firing can be inferred by the specimen’s 

shape and upright orientation (Lanos, Kovachea, and Chauvin 1999). Over the last twenty 

years, application of inferred inclination has proven useful for dating large collections of 

displaced bricks and tiles. However, to ensure accurate data Lanos, Kovachea, and 

Chauvin stipulate that the ceramic assemblage must be “composed of at least 100 

different objects originating from a single ‘archaeomagnetic unit’ (being fired at the same 

date in the same archaeological entity)” (p. 371). A large contemporaneous grouping of 

ceramics is unlikely outside of an excavation context. Because of this, the investigation 

of smaller collections of displaced items relies on the examination of intensity alone.   

     It is important to point out that the value of archaeointensity testing to the study of 

displaced ceramics is dependent on the establishment of reliable databases or data curves. 

This is the primary issue restricting the widespread use of archaeointensity testing for 

dating stray ceramics. If dependable data exists, and a typological analysis of an artifact 

has been performed, the intensity can be tested and compared to similar materials from 

the assumed region and time period. Over the last twenty years, there has been a push to 

enhance archaeomagnetic data models across much of the globe. For example, an initial 

step toward data curve construction in the SW Pacific was recently conducted (Stark et 

al. 2010). Another new study was also performed in Egypt, providing fresh data to 

replace questionable existing information (Leonhardt, Saleh, and Ferk 2010). A similar 

experiment in up-to-date curve construction and revision was likewise completed in 
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Greece in 2011 (Evdokia et al. in press). The information compiled in studies such as 

these help to broaden the scope of data while also seeking to refine previous data models.  

     Extensive collaborative databases such as GEOMAGIA50 and MagIC, as well as a 

growing number of IAGA sponsored databases, already exist and are expanding with 

each new study. A fine example of efforts to draw together existing data in a single 

accessible source was recently presented (Korte et al. 2005). Even though the study is an 

impressive achievement, it shows the effort still required to make archaeointensity viable 

as a dating tool for displaced objects. While the study boasts over 16,000 measurements 

of inclination and over 13,000 declination measurements, it catalogs only 3200 intensity 

measurements. The practicality of archaeointensity as a dating method for displaced 

ceramics rests heavily on the further compilation and improvement of this data. 	  

Modern studies are addressing these issues by taking a full range of archaeomagnetic 

measurements. In addition, the effort to create a reliable dataset requires the verification 

or removal of questionable data used in the construction of older databases and curves. In 

many instances, new regional readings are being taken to replace dubious measurements, 

as is the case with the Evdokia et al. and Leonhardt, Saleh, and Ferk studies. When 

possible, dates established through archaeointensity testing are cross-checked using 

complementary methods, such as radiocarbon dating. This ensures that the dates used for 

data model construction are as precise as possible. As a further precaution, testing 

methods and data models are also calibrated through the archaeointensity measurement of 

samples with established dates and origins. The dates are arrived at through a number of 

methods, such as: radiocarbon dating, dendrochronology, coin dating, and 

thermoluminescence. The possibility of error present in these techniques must also be 
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considered before concluding that the calibration has been effective. Moreover, in order 

for a data model to be considered accurate, the integrity of archaeointensity techniques 

and data must be examined for each individual study used in the compilation of a dataset. 

Archaeointensity Methods: A Short Overview of Core Techniques 

Archaeointensity is most often measured using adaptations of the Thellier technique 

(Thellier and Thellier 1959). As explained by Tauxe and Yamazaki in their 2007 treatise 

on paleointensity, the original Thellier method involved heating up samples in stages, 

while gradually substituting the stored natural remanent magnetization (NRM) with a 

laboratory thermal remanent magnetization (TRM). To determine the stored remanent 

magnetization at each step, a sample is heated to a set temperature and cooled in a 

predetermined laboratory field. The total intensity measured after this step is equal to the 

NRM plus the partial TRM for that temperature range. The specimen is again subjected 

to the same treatment but with the field direction reversed, yielding an intensity 

measurement equal to the NRM minus the partial TRM for the same temperature range. 

The combined remanence of each of these steps can be compared through vector 

subtraction. This allows for a quantification of the stored remanent magnetization lost, 

and the partial TRM added, at each progressive temperature range. By plotting the NRM 

remaining after each heating step against the partial TRM gained, a slope can be 

determined. Multiplying the negative slope by the laboratory field strength reveals the 

ancient field value. This value is then compared to an established data curve to yield a 

date.  

The most commonly used adaptation of the Thellier technique, pioneered by Coe in 

1967, and made possible by advances in magnetic shielding, has one major difference. 
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Coe’s technique involves heating a sample to a predetermined initial temperature, 

followed by cooling in the absence of a magnetic field.  This essentially wipes the sample 

clean of magnetic intensity for the decided thermal range, allowing for the direct 

calculation of the lost thermal remanent magnetization. Again, the sample is heated to the 

initial temperature, but is cooled in a laboratory field. The application of a laboratory 

field induces a partial thermal remanent magnetization in the sample, which can then be 

measured. As with the Thellier method, once the partial TRM and NRM values are 

known, the total intensity can be calculated.  

The Shaw method is also widely used to test intensity because of its reduced risk of 

thermal alteration (explained p. 10). In addition, it offers “speed and convenience in 

comparison with thermal demagnetization” (Thomas 1983, p. 386). The test differs from 

Thellier and Coe methods by employing alternating field demagnetization (AF) rather 

than progressive thermal demagnetization (Shaw 1974). As explained by Robert F. Butler 

in his 1992 keystone book on paleomagnetism, AF demagnetization involves subjecting a 

sample to a sinusoidal magnetic waveform with a linearly decreasing magnitude. 

Opposing magnetic moments are imparted to the magnetic mineral assemblage by the 

upward and downward orientation of the alternating laboratory field. The alternating 

magnetic alignments effectively cancel each other out, demagnetizing the specimen in the 

region below the peak wave amplitude.  

      Four stages of demagnetization occur in the Shaw procedure. Following an initial 

measurement of the specimen’s NRM, a sample is demagnetized stepwise using AF and 

then given an anhysteretic remanent magnetization (ARM). ARM is achieved by 

subjecting a sample to an AF while simultaneously placing it in an inducing direct current 
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field. As explained by Banerjee and Mellema in their 1974 study on ARM testing 

methods, “the large alternating field initially saturates the sample during each cycle. As 

the field decays the remanence is frozen in when the peak value of AF falls below the 

microscopic coercivity of the magnetic grains in the sample” (p.178). After imparting an 

ARM in the sample, it is measured and demagnetized using the same AF stepwise 

method used for the NRM. Next, the sample is given a full TRM in a known laboratory 

field and is likewise measured and AF demagnetized. Finally, the sample is given a 

second ARM, measured, and again AF demagnetized. The measurements of the two 

ARMs are compared and plotted linearly.  

As John Shaw explains, the slope of the plotted ARMs is “a function of the samples’ 

ability to retain magnetization” (Shaw 2007, p. 910) and determines if the specimen has 

undergone thermal alteration during heating. A region of linear ARM slope allows for the 

measured TRM and NRM data to be similarly compared with a high degree of 

confidence. Shaw clarifies that “by selecting the continuous region where the slope is 

unity… and plotting NRM against TRM it is possible to calculate the ratio of 

NRM/TRM…which is the same ratio as the ancient field strength/laboratory field 

strength (Nagata 1943)” (Shaw 2007, p. 910-911).  

Complications in Archaeointensity Testing 

Whereas these archaeointensity methods may appear fairly straightforward, they are 

often time-consuming with a high possibility of failure. There are many factors that can 

make testing and interpretation difficult or even make data unusable. Practitioners of this 

discipline continually check the reliability of magnetic carrier materials and the accuracy 

of archaeointensity methodologies. Yu, Tauxe, and Genevey’s 2004 comparative study of 
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Thellier, Coe, and Shaw accuracy: Toward an optimal geomagnetic field intensity 

determination technique, is a fine example of how experts in the field continue to 

scrutinize methodologies that have been standard for decades. Innovative solutions borne 

through experimentation have helped to overcome the difficulties inherent to 

archaeointensity testing. Still, some issues remain uncertain, while others linger without 

apparent remedy. The number of complications and the scientific acumen required to 

overcome them has caused some to view archaeointensity testing as impractical for the 

dating of archaeological ceramics. The impracticality is compounded when the materials 

have been displaced. Yet, there is cause for hope. Many of the issues surrounding 

intensity techniques have been resolved, or at least reduced, by examination and 

correction. It stands to reason that further experimentation will lead to increased ease and 

reliability.  

Historically, there are three major variables that can seriously interfere with accurate 

archaeointensity readings: thermoremanent anisotropy, thermal alteration caused by the 

heating of a specimen during the testing process, and variation between ancient and 

laboratory cooling rates. Each of these has been found to cause data scatter, and a 

combination could result in grossly inaccurate measurements. Thankfully, 

experimentation has yielded corrective methods to circumvent these issues in many cases. 

While the exact nature of thermoremanent anisotropy is not fully understood, it is 

“presumed to be associated with the alignment of clay platelets as (a) pot is formed” 

(Aitken et al. 1981, p. 57). Anisotropy results in a magnetic ‘easy plane’ for field 

application. When applying an external field to archaeological ceramics, deviation from 

this easy plane will result in different readings within a single specimen. 
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Archaeomagnetic pioneers discovered remanence anisotropy while examining the TRM 

of ancient pottery (Rogers, Fox, and Aitken 1979). The group found that “the ease with 

which TRM is acquired is dependent on the angle at which the remagnetising field is 

applied” (p. 644). Samian ware samples were tested in the experiment, showing 30-40% 

lower readings when the field was applied perpendicular to the easy direction. The same 

samples showed readings 30-40% higher when the field was applied parallel to the easy 

direction.  

Anisotropy can be overcome in many cases by determining the anisotropy tensor 

(ATRM) and instituting corrective calculations. The tensor is an ellipsoidal model created 

by “imparting TRMs using in-field heating /cooling cycles… subsequently in +z, +y, +x, 

-x, -y, and -z directions” (Leonhardt et al. 2006, p. 286). The model is then used to obtain 

a corrective scaling factor, determined through “the relationship between ancient 

magnetic acquisition and laboratory magnetic acquisition in dependency of the ATRM 

tensor” (Leonhardt et al. 2006, p. 287). Furthermore, advances in instrumentation now 

allow for the precise application of the laboratory field, limiting the risk or anisotropy 

error. For instance, the University of Liverpool uses “an automated sample carriage and 3 

axis programmable applied field coils that allow the applied field and the resulting field 

moment to be determined with high precision, so that by careful control of the applied 

field direction (it) can produce a TRM nearly parallel to the NRM” (Suttie 2007).    

Thermal alteration is especially problematic for paleointensity studies, as the 

properties and composition of a sample can change during testing. As explained by 

Bernard Henry in his overview of thermal effects on magnetic mineralogy, “laboratory 

heating may cause, in many cases, not only magnetic phase transformations, but also 
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changes in the effective magnetic grain sizes, the internal stress, and the oxidation state” 

(Henry 2007, p. 512). The possibility of alteration depends largely on the oxidation 

conditions and temperature of the ancient kiln in which a ceramic was fired. Partially 

fired ceramics, samples fired at low temperatures, or in low oxygen conditions, are more 

susceptible to alteration during laboratory heating.  

As discussed earlier, Shaw methods reduce the risk of thermal alteration while also 

providing a means of determining if it has occurred. Pre-selection of prime and resilient 

samples can also limit the possibility of alteration. However, more current studies have 

focused on a method that greatly diminishes the likelihood of thermal alteration. Tests 

involving the microwave excitation of magnetic grains have been used in place of, or in 

conjunction with Thellier-type testing with very promising results (Walton et al. 1993; 

Shaw et al. 1999). A recent study showed that microwave excitation raised the sample 

temperature by only 30° C during the process (Walton and Boehnel 2008).  

Cooling rate also has a significant effect on the amount of TRM retained by an 

archaeological sample.  Specimens refired to 720° C and cooled at varied rates have been 

shown to acquire different quantities of TRM (Fox and Aiken 1980). Samples cooled 

over a period of 7 hours 30 minutes, showed intensities 6% to 12% higher than the 

current magnetic field. However, specimens cooled rapidly, in 30 minutes, showed an 

increase in TRM of <1%. Clearly, a slow cooling rate allows a higher level of TRM than 

a rapid cooling rate. Fox and Aiken explain that this is because “the fractional alignment 

that is blocked-in is higher, both because of the reduced thermal agitation at the lower 

temperature and because of the intrinsic increase of activation energy” (Fox and Aiken 

1980, p. 263).  
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Cooling rate correction is becoming common practice for archaeointensity studies 

involving ceramics. The methodology is laid out extensively in (Gómez-Paccard et al. 

2006): After completing Thellier tests, Gómez-Paccard’s group subjected samples to a 

cycle of four thermal steps with fields applied along either the + or – of the sample’s Z 

axis. First, the sample was rapidly cooled with a + direction TRM, followed by rapid 

cooling with a - direction TRM.  Then the sample was slowly cooled with a + direction 

TRM, and finally rapidly cooled with a – direction TRM. Next, a correction factor 

percentage was approximated by subtracting the rapidly cooled + direction TRM from the 

slowly cooled + direction TRM, and dividing the difference by the rapidly cooled + 

direction TRM. However, the capacity for a sample to acquire TRM may change as a 

result of these steps. To check this possibility, an alteration percentage must be 

determined through the relationship between the slowly cooled and rapidly cooled + 

direction sample. Because of the chance for alteration, Gómez-Paccard’s group “decided 

to correct archaeointensity determinations for cooling rate effect only when the correction 

factors were bigger than the alteration factors” (Gómez-Paccard et al. 2006, p. 19).  

Complications in Data Interpretation 

Magnetic interference can also complicate archaeointensity testing. Stored remanent 

magnetization not acquired during firing is referred to as secondary magnetization. It is 

often a hindrance when attempting to isolate the desired portion of an object’s TRM, and 

arises from a variety of sources. Natural origins, such as lightning strikes, are commonly 

cited as a source of secondary magnetization. Similarly, a high-intensity fire could also 

contribute to a secondary reheating, leading to a minor TRM. Despite the complications it 

may cause, secondary TRM from a high-intensity fire may be a mixed blessing. The 
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presence of these secondary magnetizations could help describe the past history of a site 

or object, insofar as the presence of an intense secondary magnetization may corroborate 

a perceived site chronology.  

     Nature is not the only source of interference. Displaced materials can also gain a 

secondary magnetization from sampling techniques or from preservation treatments 

involving heat. When preparing samples, care must be taken as not to thermally alter the 

material through drilling or cutting. Caution must also be observed when repairing a 

ceramic artifact. The use of extreme heat is not common in modern conservation 

techniques, but oven heating is sometimes used to expedite the drying process of 

adhesives. Still, in very extreme cases, a ceramic is fired a second time. In a rare 

example, three badly fire-damaged Attic Greek pieces were treated by refiring (Davison 

and Harrison 1987). The vases were covered in soot and the previous materials used to 

conserve the works had become carbonized. Refiring the pieces at 400°C burned away 

the soot and organic remains, allowing for conservation treatments to continue. Again, 

this is uncommon, as conservators know that refiring will tamper with TL and 

archaeomagnetic testing. 

     Another form of secondary magnetization is viscous remanent magnetism. VRM is 

acquired by the long-term exposure of an item to weak magnetic fields, and requires a 

very special grain size distribution. Depending on an artifact’s burial conditions, as well 

as the circumstances of its transport and storage, VRM can cause noticeable testing 

interference. A recent study showed that the efficiency of VRM acquisition depends on a 

number of factors, including: “angular dependence, grain-size dependence, initial-state 

dependence, and time dependence” (Yu and Tauxe 2006, p. 32). This is of the utmost 
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concern when performing thermal tests, as the study found “a higher efficiency of VRM 

acquisition in the following order: thermal demagnetization, TRM, AF demagnetization, 

and ARM” (Yu and Tauxe 2006, p. 40).  

In many cases this magnetic ‘white noise’ can be successfully removed, by either 

alternating field demagnetization or by progressive thermal demagnetization. These 

techniques are used in the Shaw and Coe methods, respectively, without the 

reintroduction of a laboratory field, to remove layers of secondary magnetization. This is 

effective for samples with only two components of NRM, but becomes increasingly 

convoluted for more complex magnetic materials. In some cases the blocking 

temperatures or coercivities of the primary and secondary magnetizations overlap to a 

degree where the desired primary magnetism is difficult or impossible to isolate. 

Moreover, in some cases the secondary magnetizations are so intense that they can 

actually eclipse the desired NRM.  

     A final interpretative hurdle may arise from an overlap in global intensities. The 

fluctuation of the Earth’s field strength has resulted in time periods with similar 

intensities but distinctly differing ages. Data obtained from testing may produce multiple 

possible dates for a single data point, requiring an analyst to make a judgment call. 

Testing during time periods with significant jumps or dips (wiggles) in intensity can yield 

data with the least interpretive complications.  

Ceramics as Intensity Carriers 

     In addition to the possibilities for error associated with the testing procedures and 

interpretation, flaws derived from material heterogeneity may be present as well. As 

previously discussed, intrinsic qualities of ceramics, such as anisotropy, can often be 
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overcome. However, the overall ability of ceramics as a test material to deliver consistent 

data needs to be more firmly established. A very recent project attempted to do just that, 

by testing the reliability of ceramics as intensity carriers (Morales et al. 2011). Modern 

imitations of Michoacán vessels and bricks were fired using traditional methods. The 

remanent intensity of the newly fired pottery was then tested against current geomagnetic 

field readings. The Thellier-Coe method was employed at ten temperature steps from 

room temperature to 580° C, with the laboratory field set to (30.00 ± 0.05) µT (micro 

Tesla). 

     The raw results were less accurate than expected. Some of the samples registered an 

intensity 7% higher than the present field, while others registered 15% lower. After 

corrections for anisotropy and cooling rate, the number fell within an acceptable range, 

closer to 5%. Regardless, the scatter of the raw readings from pieces fired in the same 

kiln calls into question the reliability of archaeological ceramics as archaeointensity 

carriers, by raising important questions about the cause of these irregularities. The team 

noted the presence of significant thermal gradients within the kiln. These thermal 

gradients could have caused the pottery to experience differing cooling rates, and were 

likely the source of the recorded data scatter. Such considerations are particularly 

problematic when discussing displaced ceramics, where firing methods are unknown and 

there is no possibility to make calculation adjustments based on the positioning within the 

kiln.   
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Part II: Establishing Provenance 

Magnetic Susceptibility Testing 

In the late 20th century, the examination of a material’s susceptibility to magnetic 

fields emerged as an experimental method for identifying origin. A material’s 

susceptibility determines how easily it is influenced by an external magnetic field, and is 

dependent on the material’s composition, grain size, crystal structure, and the external 

field strength. A substance is measured using a susceptibility meter and then compared 

with readings from regional sites where it was likely extracted. Similar susceptibility 

readings suggest that the specimen was removed from the proposed site. In the future, 

this method could be used to provide provenance to materials in cases where sufficient 

regional data has been compiled. Regional data could also be collected as a portion of the 

experiment, as is the case with the following early studies. Susceptibility testing is 

particularly appealing because “the equipment needed for the method is moderately 

priced, readily obtainable, and requires little adaptation for archaeological work” 

(Williams-Thorpe and Thorpe 1993, p. 185). Since the process is also non-destructive, 

the prospect of determining origins using susceptibility is even more alluring. 

One of the first major studies to employ this technique of establishing provenance 

was not concerned with ceramics, however. All the same, it is a good example of the data 

this technique is capable of delivering. Susceptibility testing was employed with 

promising results in the examination of three hundred and sixty-three stone Roman 

columns (Williams-Thorpe and Thorpe 1993). Measurements were taken from the 

columns and compared to those logged at known quarry sites in Italy, Egypt, and Turkey. 

It was a particularly useful method for determining the provenance of the stone samples, 
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since the number of ancient quarries was limited and many are known and accessible 

today.  

The tests revealed strong indications of origin for some of the materials and tentative 

identifications for others. According to Williams-Thorpe and Thorpe, the single diorite 

column closely matched samples of hornblende and andesine feldspar tested at Wadi 

Barud, Egypt. Conversely, the low susceptibility granite, containing megacysts of 

orthoclase feldspar may have originated in Italy or southern France. The team admits that 

the accuracy of the method had not yet been exhaustively tested. Still, a calibration of the 

testing instrument was run on Shap granite blocks from the U.K. and compared with 

published data, yielding almost negligible differences.         

Despite the favorable outcome of the Williams-Thorpe and Thorpe experiment, 

sourcing ceramic artifacts may prove a bit more difficult, as the material source is often 

less distinct. Regardless, archaeomagnetic studies have begun to delve into establishing 

ceramic provenance using susceptibility and other intrinsic magnetic properties. A 

groundbreaking examination attempted to apply these principles to establish a magnetic 

typology of Etruscan bucchero pottery, ranging in date from 800-400 BCE (Moskowitz et 

al. 1987).  As with the columns, Moskowitz explains that “the original clay source 

material used to produce individual pottery may carry a distinctive magnetic mineralogy, 

magnetic grain size, or concentration of magnetic phases, which can be useful in 

determining provenance” (p. 285).  

What differs from the column examination is that ceramic manufacture methods may 

also imprint a magnetic signature on the pottery. Moskowitz succinctly elaborates that: 

“methods of forming and shaping a pot may impart a fabric, due to the preferred 
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orientation of grains, to the finished piece. Shape or crystal alignment of magnetic grains 

in pottery can give rise to a directional dependence of magnetic susceptibility (i.e., 

magnetic anisotropy). Magnetic anisotropy measurements may therefore yield 

information on manufacturing styles, such as wheel-spun or molded methods” (p. 286). 

Examination of these properties can be performed in conjunction with typological 

identifications to corroborate or contradict the known manufacture methodologies of a 

certain period or region.  

Moskowitz’s study was the first of its kind to use these techniques to determine the 

origins of ceramic samples. As one might expect for an initial examination, there were 

unforeseen factors that caused data complications. As discussed earlier, heating a ceramic 

sample can cause alterations to the material, changing its magnetic properties. Firing 

may, in some cases, alter the fabric so much that it no longer retains the same intrinsic 

magnetic properties as its source material. Natural variations at the source site can be 

problematic as well. This appears to be the case with the bucchero pottery. Moskowitz’s 

group attributes its data scatter to variations in the clay source composition, citing 

inconsistent concentrations of iron oxides and hydroxides as a possible culprit. This is an 

alarming conclusion that calls to question the reliability of susceptibility trials, as it is 

difficult to say what degree of compositional variation exists within a single source site. 

Nevertheless, extensive sampling of the site would likely average out such 

inconsistencies, or at least give a sense of the material source’s variability. 

     On a final note, the use of intrinsic properties for authentication may be of little use if 

modern imitations are being made from the same material sources as artifacts in 

antiquity. Conversely, if a typology has been determined for an item, and the 
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susceptibility measurements point to a geological origin different from what is expected, 

then the argument for inauthenticity may be increased.  

Complementary Methods 

     At present, practitioners believe that magnetic sourcing techniques should be viewed 

as complementary methods. By erecting multiple lines of evidence via different 

methodologies, a researcher is more likely to correctly determine an artifact’s origin. For 

example, susceptibility measurement and TL have been employed together with a fair 

amount of success to determine provenance (Rasmussen 2001). Rasmussen’s procedure 

combines the two testing methods, and when the results are plotted on a graph of 

susceptibility versus TL intensity, distinct groupings appear based on provenance. 

Combining modern testing methods is becoming a more common occurrence.  However, 

traditional archaeological techniques have also been paired with archaeomagnetic testing 

methods to determine provenance.  

     A recent study sought to establish ceramic origin by combining the visual art of color 

survey along with the interpretation of hysteresis loops (Beatrice et al. 2008). A 

hysteresis loop shows a material’s response to magnetization as a plot of magnetic flux 

density versus magnetizing force. The study compares the properties of iron oxide based 

pigments, such as red hematite (red ochre), to their hysteresis loops. Examination of the 

heating conditions and iron oxide size distributions in materials with different hues, 

compared with trends in hysteresis loop shapes for those same materials, can yield 

information about a ceramic’s origin and manufacture history. The flexibility and 

creativity shown in this type of complementary study may help bridge the gaps in 

archaeomagnetic testing, making it more useful to the archaeological community.  
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Part III: Conclusions 

A Comparison to Alternative Methods  

     One of the most appealing features of archaeomagnetic sampling is that the instrument 

fees are considerably lower than those of radiocarbon dating or thermoluminescence. In 

most cases, archaeomagnetic laboratories are affiliated with an academic institution, and 

some of the cost may even be borne by the institution. As discussed earlier, some 

archaeomagnetic methods, such as susceptibility testing are cheap and easily accessible. 

Nevertheless, as we have seen with archaeointensity testing, extracting samples, running 

the tests, and interpreting the data can be time-consuming, requiring the long-term 

employment of a technician and an analyst.  When all is said and done, the initial savings 

could be offset. The promise of inexpensive testing is also overshadowed by the 

possibility that the samples will prove unusable after the tests have been run, requiring 

the practitioner to start anew. As mentioned earlier, pre-selection of favorable samples 

can limit this possibility. However, pre-selection also limits the range of usable 

specimens, and selectiveness is often not an option when working with displaced 

ceramics.  

     In contrast, radiocarbon dating and TL testing can be quite expensive, there are 

relatively few laboratories to choose from, and the desired results are by no means 

guaranteed. Yet, at this point, these testing methods are more likely to deliver usable data 

despite a lack of provenance. Radiocarbon testing does not warrant extensive discussion 

here, as it is only applicable to ceramic specimens that have retained residual organic 

materials. Thermoluminescence testing is undoubtedly the most frequently employed 
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method of dating ceramics, especially displaced ceramics, and therefore requires a short 

overview.  

     Thermoluminescence, simply put, is the emission of light triggered by heating. A 

sensor called a photomultiplier can measure the amount of TL released upon heating. As 

explained by Martin Aitken in his manual on chronometric dating techniques in 

archaeology, TL builds up through the “cumulative effect of prolonged exposure to the 

weak flux of nuclear radiation emitted by radioactivity in the pottery and in surrounding 

burial soil” (Aitken 1997, p. 184). When a piece of pottery is fired, the TL within the clay 

is released. Once the pottery begins to cool, “the latent thermoluminescence begins to 

accumulate afresh, and when measured, it is indicative of the years that have elapsed 

since firing” (Aitken 1997, p. 184).  

     Despite its preferred status, thermoluminescence dating is not without complications. 

The process is limited by variables such as: water content uncertainty, the possible 

absorption of cosmic radiation, and the anomalous leaking of electron traps (Aitken 

1997). Difficulties increase for items lacking a site origin, as a proper calculation of 

gamma ray luminescence cannot be arrived at without the ability to test the soil from 

which the object was originally excavated. It is easy to see that TL has its own skeletons 

to deal with. This casts the potential of archaeomagnetic analyses in a slightly more 

favorable light.  

In Summary 

     While archaeomagnetic testing is currently capable of providing reliable information 

about ceramics discovered within undisturbed kilns and cooking hearths, further 

applications are still limited by testing complications and by the incomplete state of 
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regional data. The global effort required by geophysicists and archaeologists to draw 

together an accurate and comprehensive archaeomagnetic database is immense and 

remains a work in progress. Even so, there has been astounding headway since the 

inception of archaeomagnetic testing, with practitioners finding creative solutions to the 

problems hindering progress. Advancing technologies are likewise sidestepping some of 

the inherent difficulties. New options for complementary study also promise to make 

archaeomagnetic testing methods more approachable to the archaeological community, 

and many academic labs, such as the Institute for Rock Magnetism at the University of 

Minnesota, welcome the opportunity to contribute to archaeological research. With 

continued diligence, these advances should increase the usefulness of archaeointensity 

testing and magnetic susceptibility testing, making them more accessible and reliable for 

the identification and authentication of displaced archaeological ceramics.  
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