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IN THIS TALK: 

FOR DATING: 
1. Magneto-stratigraphy  
2. Secular variations in geomagnetic field 
3. Cosmogenic radionuclides (not magnetic) 

 
OTHER ASPECTS: 

1. Past climate (rainfall) from lake sediments 
2. Search for prospective archaeological sites 
3. Environmental magnetic studies of 

relevance to archaeology 
4. Instrumentation  
 



1. Magnetostratigraphy  

The earth’s magnetic field has reversed in the past. 
 
 Many times over………… 



 Studies of well dated sediments and lava flows  

  Mangneto-stratigraphy  



White: Normal polarity 

Black: Reversed polarity 

 

Check the polarity recorded 
by archaeological samples 
…. Normal or reversed. 

 

Brunhes-Matuyama 
boundary (0.78 Ma) is 
important 

 



2. Secular variations in  
geomagnetic field 

 

Variations in  the inclination and declination = Secular variation 

of geomagnetic field.  

We are not talking of polarity reversal here. 

This secular variation has been determined for several regions. 

For example….. 



Compare the archeomagnetic directions of 
unknown ages with a well-dated reference curve. 

Possible to obtain the age. 



3. Cosmogenic radionuclides (not 
magnetic) 



 

 The basic principle is: 

 

These radionuclides are produced at a known 
rate, and also decay at a known rate. 

 Accordingly, by measuring the concentration of 
these cosmogenic nuclides in a rock sample, it is 
possible to estimate how long the sample has 
been exposed to the cosmic rays.  

(after accounting for the flux of the cosmic rays 
and the half-life of the nuclide) 

Let’s see an example……………  



Probability-density plots of cosmogenic 10Be surface-exposure ages in the 
western Wasatch Mountains, western Uinta Mountains, and eastern Uinta 
Mountains. The peak of each curve represents the most probable age based on 
distribution of 24 exposure ages from the western Wasatch Mountains, 44 
exposure ages from the western Uinta Mountains, and 20 exposure ages from 
the eastern Uinta Mountains (all from terminal moraines). The gray area shows 
the interval of the Lake Bonneville hydrologic maximum, the interval during 
which the lake overflowed at a topographic threshold.  



OTHER EXAMPLES 
 



1. Past climate (rainfall) from lake 
sediments 
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Such studies near 
archaeological sites may 
yield paleoclimatic data 

useful for archaeologists. 



2. Search for  
prospective archaeological sites 

 



Magnetometry 

 A magnetometer detects small changes in the earth’s 
magnetic field.  

 Some of these changes may be have an 
archaeological origin and magnetometers may be 
used to detect this.  

 In particular burning may cause changes in iron 
compounds and transform them from non or weakly 
magnetic to magnetic forms.  

 Hearths and kilns, burnt clay and soil, bricks and tiles 
are good examples of archaeological objects or 
material which may cause such changes. Features 
such as pits and ditches may be filled with 
archaeological material and may be located because 
the contents of the features cause localized magnetic 
anomalies.  
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What do you see?  
Local variation in magnetism 

 Most obvious–iron artifacts 

 Recall colors of unglazed pottery 

 Red–hematite–Fe2O3–non-magnetic–“oxidized” 

 Black–magnetite–Fe3O4–magnetic–“reduced” 

 Magnetite containing soil 

 Soil replaced by stone masonry or red brick 

 Ditch or earthworks filled in by non-magnetic soil 

 Alignment of grains in clays disturbed by working 

 Soil disturbed (e.g., a grave) allowing oxygen access 

 Hematite containing soil 

 Reduction of iron in fire hearth 

 Destruction of building by major fire 
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Magnetometry 

Earth’s 
 field 

Buried 
 object 

Surface 

Signal 
Magnetometer  



Instead of a magnetometer, one 
could use a Magnetic Gradiometer 
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Magnetic gradiometer 

Earth’s 
 field 

Buried 
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Difference 
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difference 
Gradiometer  



The difference after a 
magnetic survey….. 
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Aerial photo 
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100 meters 

Magnetic survey 

Magnetic survey: 
Enlarged view 



Another example….. 



Raw data from grid #47 
 
• Bidirectional acquisition 

 
• Walking speed (~1 m/s) 

 
• Sampling at 5 Hz 

 
• Plot forces regularity on 

grid 
 

Representative Total Field Magnetics Grid from Travelers’ Rest 



Representative Total Field Magnetics Grid from 
Travelers’ Rest 

Gridded and contoured: grid #47 
 
• Note compression of color  

scale 
 

• Significant corrugation 
 

• Ambient field not removed 
 



Raw Total Field Magnetic Data, Travelers’ Rest, MT 

• Ambient magnetic field is 
about 56,000 nanotesla 
 

• North-south corrugation 
(herringbone) results from 
bidirectional data 
acquisition  

Image map 



Decorrugated  Residual Total Field Magnetic Data, 
Traveler’s Rest, MT 

Each magnetic high ~> 5 nT 
has a causative source 

1 

1. Classic dipole anomaly 

2. Isolated anomalies, 
could be more 
susceptible rocks or soil 
disturbance 

2 

2 

2 

3 

3. This one got my interest: 
 
It is a near rectilinear 
anomaly, not a natural 
shape – isolate and 
analyze 



Isolate and Analyze the Rectilinear Anomaly 



Edge Detection on the Isolated Anomaly 

• Black dots locate the maxima 
of the horizontal gradient of 
the data 
 

• Larger dots are more 
significant 
 

• Test units or trenching should 
be within (or cross) the 
estimated edges 
 



Edge Detection on the Complete Grid After 
Isolating Targets 



Modeling the Source of the Isolated Anomaly  



So, what is the source of the anomaly? 

• We collected these magnetic data in 
May 2008 
 

• After the fact, we learned that the 
rectilinear feature is an 
archaeological test pit opened in 
2002 
 

• The pit was 1x2 meters was 
excavated 30 cm deep then 
carefully recovered 
 

• The pit leaves a very strong 
magnetic signal 6 years later 
 

• It is the best analog I have of a 
shallow, obscured  grave 
 



Magnetic Signals Last a Long Time – WWII, Philippines 



• TU 1 yielded a fire hearth dating to 1720±40 B.P. (Beta-265305), as well as abundant 
evidence of obsidian stone tool manufacture  
          
• TUs 2, 3, and 4 yielded only boulders. We excavated these, despite each individual 
anomaly having the character of a boulder with remanent magnetization, because their 
concentration and alignment was promising. In a nearby area with similar analysis one such 
buried boulder turned out to be a long-term bench for flaking and other cultural activities.  
 
• At about 0.8 meters below ground surface, TU 5 contained a fire hearth dating to 2920±40 
B.P. (Beta-265306).         
 
• TU 6 contained a rock concentration (likely a hearth) dated at 3,100±40 B.P. (Beta-
265307). 

Magnetic Signals Last a Long Time – 3,000 years, Yellowstone national Park 



ALSO USEFUL IN ARCHAEOLOGY 



Instead of magnetometer survey, 
one can do magnetic susceptibility 

survey……. 



Magnetic susceptibility surveys showing effects of 
burning and ironworking.  

a) The magnetic susceptibility survey of the old 
ground surface sealed beneath the north 
quadrant of a Bronze Age cairn, Carneddau, mid-
Wales. 

b) Excavation beneath the high magnetic values 
showed the location of an important Medieval 
Ironworking site with numerous furnaces. 



Examples…. 
 

Human Interference 

3. Environmental magnetic 
studies of relevance to 

archaeology 



• Soft IRM characterises surface soil in catchment.  
 

• Flood events bring eroded surface soil to the lake. 
 
• Note the peaks corresponding to individual flood 
 events. 
 



• Peak lf coincides with peak Fe, Mn, Fe/Al, 
Mn/Al but with low SIRM / lf. 

 

• Acidification in the catchment   Leaching of 
Fe-rich soils (reducing conditions). 

 



 

 Examples…. 
 

Fire History 



Burning converts non-magnetic iron 
oxide into magnetic form, thus 

“enhancing” magnetic properties. 



Magnetic enhancement seen in this soil 
profile because of a forest fire. 



 

 Examples…. 
 

Soil Erosion 
 
 



SOIL PROFILES  

Magnetic enhancement 
seen at the top. 

When top soil is eroded 
and deposited in lakes, it 
can be recognized by the 
high magnetic values. 

LAKE SEDIMENT 
PROFILES 



Magnetic 
susceptibility 
used to estimate 
sediment yield.  

 

Note the 
phenomenal 
increase in 
sediment yield in 
the recent times. 



 High SIRM, Na, K, Mg at the bottom correspond to glacial 
periods when bare rocks were exposed. 

 Decline in values as maturing soils and vegetation covered 
the landscape in Holocene. 

 E/D3 boundary (3.5 ka BP) – Values increase again due to 
deforestation and agricultural extension. 



4. Instrumentation  
 



MS2 susceptibility meter 

This is portable and runs on battery. 
Besides, one can use this on the surface of ground, 
sections and bore-holes. 



Pulse magnetiser 

Sample is kept in an artificially produced magnetic field. 

The sample is magnetised.. 



Magnetometer 
 

The magnetisation that remains in the sample 

outside the magnetic field is measured. 



ARM attachment with shielded demagnetiser 

This produces another type of magnetisation and can 

be measured in the magnetometer you saw earlier. 



CONCLUDING REMARKS 

 Magnetic methods are useful in early stages of 

archaeological investigations. 

 Magnetic properties of samples can yield useful 

information on past climate and environment. 

 Dating is also possible using magnetic 

methods. 

 Magnetic methods are simple, rapid, non-

destrucitve and inexpensive. 



THANKS FOR YOUR 

TIME AND 

ATTENTION 



Portable X-ray fluorescence spectrometry is employed in 

the non-destructive analysis of stone surfaces. 



 


