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Over the past 50 years, archaeomagnetic (AM) dating has become an important chronometric tool for 
archaeologists working in many areas of the world. Typically, the technique is used to obtain calendrical dates for 
specific archaeological features. However, AM data are useful for assessing the relative sequencing of 
archaeological features as well. For many archaeological questions, the ability to test the potential contemporaneity 
of features can be more powerful than the acquisition of calendar dates. This study represents a preliminary 
attempt to assess the practical limits of AM contemporaneity studies and to provide a means for quantifying the 
error associated with these relationships. 

ASSUMPTION:
If Hearth 1 and Hearth 2 were used at the same time, they will 
yield AM data that are not statistically different.
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Two sources of data were used to address this problem:

1. Computer Simulations

Simulations were developed to assess how contemporaneity tests play out as a function of angular distance, 
precision, and SV rate. SV rates were based on modern recordings of the magnetic field in Tucson. Together, 
these data were used to assess the temporal resolution that is possible for contemporaneity tests run under 
different conditions. 
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GEOMAGIX software was used to calculate the direction of the magnetic field in Tucson at five year intervals from AD 
1900-2000. Although these models are superseded by those contained in IGRF-10, the SV rates calculated should be 
representative.  Figure 1 shows the SV rates calculated as a function of time. 
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The median rate for these values is 1.37 minutes/year, 
with a minimum of 0.086 minutes/year, a maximum of  
2.53 minutes/year, and an interquartile range of  0.800-
1.70 minutes/year.

Figure 2 uses these bidecadal SV rates to calculate 
the number of years it would take the field to change 
by 5°at that constant rate. 
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To simulate the contemporaneity problem, two “features” were assigned AM directions and precisions.  Initially, each 
feature was assumed to have 8 specimens.  Also, a95s of both features were assumed to be the same, either 1°, 2°, 3°
or 4°.  Using the F-test for comparing magnetic dir ections (Butler, 1991, p. 150), the angular distance between feature 
means at which the directions were found to be significantly different at the 5% significance level was calculated.  This 
angle was a linear function of the a95 (Figure 3) 
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The same calculations were made using n=12 instead of 
n=8 and this made little difference. Since 8-12 
specimens are most often collected for AM samples, this 
factor will have little effect.  It also made a relatively 
small difference if the a95 of the two features were 
different; it was primarily the sum total of the two a95s 
that affected the results.

In Figure 4, these angular differences were translated into 
age differences using the Tucson SV rates.  The medium 
SV rate was the median value for 20th century Tucson SV; 
the low and high SV rates are the first and third quartile 
results in the interquartile range of Tucson SV values.  The 
ordinate value represents the age difference resolvable by a 
contemporaneity test.  Thus, “contemporaneous” AM 
directions may be as much as 50 years apart for fast SV 
rates and small a95s, but 200 years apart, or even more, 
when the SV rate is slow and/or the a95s are high. 
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Table 1. Range of Angular Distances 
between “similar” AM pairs, different AM 
pairs, and AM-OP pairs 

AM contemporaneity studies are based on the assumption that archaeological features of the same age would 
have been magnetized parallel to the same magnetic field direction, whereas archaeological features of different 
ages would have been magnetized parallel to different field directions. Therefore, “contemporary” archaeological 
features should yield similar AM directions, while “noncontemporary” features should yield different AM directions. 

The statistics employed in these studies (McFadden and Lowes 1981), however, can only determine that two AM 
directions are different, and therefore not contemporary. They cannot directly address the question of “sameness”, 
leaving the archaeologist to wonder what, exactly, AM contemporaneity means. 

1) the angular distance between 
two AM directions (or VGPs)

2) the precision of each AM 
direction

3) the rate of geomagnetic secular 
variation (SV) at the time of 
interest

Intuitively, the interpretation of 
contemporaneity tests, particularly 
concerning the degree of true 
contemporaneity between features, 
depends on three parameters: 

Just over 79% of the AM pairs were found to be 
statistically “similar” (i.e., not statistically different), and 
the median angular distance between these “similar”
hearth pairs was 1.59°(see Table 1 for a summary of  the 
angular distance values for statistically not different 
[“Similar”] and different [“Different”] pairs). The median 
angular distance between statistically different modern 
hearths, on the other hand, was 3.38°, and the mini mum 
angular distance was 1.82°, which was greater than that 
of roughly 60% of the “similar” pairs. 

1. The true age of archaeomagnetically contemporary features may differ by 50-200 years or more

2. Pairs of different-aged features are more likely to be labeled “contemporary” when they have larger a95
values (i.e., they are less precise) and/or they were magnetized during a period of low SV 

3. There is a very high likelihood that pairs of same-aged features will yield archaeomagnetically contemporary 
data

4. Archaeological features can be very accurate recorders of the geomagnetic field, and there is high likelihood 
that the true magnetic direction lies within the 95% cone of confidence

Although by no means definitive, the results from these analyses offer preliminary guidelines for assessing, 
understanding, and interpreting archaeomagnetic contemporaneity:

The AM data from each of the modern hearths were compared to that of every other hearth in the dataset (AM 
pairs) as well as to the IGRF mean pole location (OP) for Tucson in 2005 (AM-OP pairs). The angular distance 
and probability of the F-test statistic were calculated for each of these AM and AM-OP pairs. 
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Future steps in this study will include AM data collected from archaeological features in order to examine AM 
contemporaneity over different time intervals.

2. Modern AM Data

AM data collected from a suite of 40 modern hearths located in Tucson, AZ were 
used to assess AM contemporaneity within a single population of directions. 
These data were collected as part of a collector training workshop, and therefore 
some degree of collector error should be expected. The a95 values for this dataset 
ranged from 1.19° to 4.91°. All 40 hearths were magn etized between December 
2004 and November 2005, and therefore should reflect the same average 
magnetic field. These data were compared to each other and to the IGRF mean 
pole position for Tucson in 2005. 

* Interquartile

Finally, the precision-weighted mean VGP (MP) was calculated for the 40 modern hearths (see figure inset). 
This VGP was located 1.17°to the southwest of the I GRF pole location, and the two poles were not statistically 
different at the 0.05 significance level (probability of the F-test was 0.21). 

Overall, this study indicates that archaeological features can be accurate geomagnetic recorders, and that 
archaeomagnetic data should reflect the true direction of the prevailing magnetic field at the time of 
magnetization. The directional spread of the dataset is encouraging given that these samples were collected by 
new collectors during the training process. A similar dataset generated by more experienced collectors should 
exhibit an even higher level of internal consistency. 

Likewise, the AM-OP 
comparisons revealed that 
83% of the hearths were 
statistically “similar” to the 
observed location, with a 
median angular distance of 
1.50° and a maximum 
distance of 4.10°.
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