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What are possible applications of soil magnetism 
in archaeology?

Interpretation of magnetic prospection data

Recognition of natural conditions under which the human lived 
in past, as well as anthropogenically influenced areas and layers
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M=Mi+NRM

Mi=κH

Magnetization of soil (rock, archaeological feature or object)

induced natural remanent magnetization

Magnetic susceptibility Intensity of geomagnetic field
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Diamagnetics Paramagnetics Ferromagnetics

Quartz SiO2

k = –0.8 х 10–7 SI units
Fayalite Fe2SiO4

k = 3.5 х 10–5 SI units
Magnetite Fe3O4

What are the carriers of induced and remanent magnetization in soil?
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M
s

Ms – saturation magnetization
Mrs – saturation remanence
Hc – coercive force
Hcr – coercivity of remanence

Mrs

HcHcr

The phenomenon of magnetic hysteresis

Ferromagnetics 6



The magnetic signal of soils is dominated by the presence 
of minor amounts of strongly magnetic ferrimagnetic iron 
(Fe) oxides 
magnetite (Fe3O4), 
maghemite (ϒ-Fe2O3), 
titanomagnetites (Fe2_xTixO4), 
pyrhotite (Fe3S4) (rarely) 

What are the magnetic minerals in soil?
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Formation of magnetite (Fe3O4) in soil

• Inorganic

• In synthesis experiments the controled oxidation of ferrous iron yields magnetite (Maher & 
Taylor 1988)

• Biological induced

• Dissimilatory iron-reduction bacteria, GS-15

• (Lovley, Stolz, Nord & Philllips, 1987)

• Biological controlled

• Occurrence of magnetotactic soil bacteria

• (Fassbinder, Stanjek & Vali, 1990)
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Formation of maghemite ( - Fe2O3) in soil

• Low temperature oxidation of magnetite

• as result of burning

• dehydration of lepidocrocite ( - FeOOH)

• via reduction-oxidation cycle occuring under „normal“ pedogenic 
conditions

• (C.E. Mullins, 1977)
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Neel temperature
TN ≈ 6800C
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Morin transition
Tm ≈ -200C
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The various environmagnetic parameters and their combinations are generally employed for 
the purpose of answering three questions:
Composition (i.e., which magnetic minerals are present?)
Concentration (i.e., how much of each one is present?)
Granulometry (i.e., what are the dominant grain size present?)
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Magnetic susceptibility

Volume susceptibility k=M/H [SI units] – in situ or 
on monolithic samples

Mass-specific susceptibility χ=k/ρ [m3/kg] – on crushed or
monolithic samples
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(Fassbinder & Stanjek, 1993)(Linford, 2002)



Origin of
magnetic anomalies in archaeological sites:

a) enrichment of magnetic minerals

e.g. magnetite and maghemite

in the archaeological structure

b) natural remanent 

magnetization NRM 

of the sediment (object) 

in the archaeological structure
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1 0-8 9.979 1.04 74.8 31.5 19.93 68.5 13.0

-"- 10-18 11.254 1.16 73.3 16.8 21.39 67.6 8.6

2 0-8 8.802 1.05 68.5 26.5 17.55 65.3 13.2
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6 10 4.85 0.73 52.6 334.5 11.81 58.5 350.0
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4 0-5 11.65 0.35 70.2 27.6 46.67 63.8 7.8

Чо
рн

оз
ем

 
ти

по
ви

й

Ха
ле

п`
є

1 10 17.55 0.75 77.6 328.7 41.83 68.6 355.2

-"- 20 15.00 0.61 68.6 22.2 40.79 64.2 9.0

-"- 30 17.43 0.75 65.0 28.4 41.94 63.3 12.8

5 16-21 5.74 0.48 63.3 334.3 18.21 62.5 354.7
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1(12) -"- 25.08 0.57 65.8 349.8 72.06 62.9 359.08

1(13) -"- 17.36 0.47 68.5 344.3 56.47 63.7 358.54

1(14) -"- 23.05 0.50 67.9 350.3 71.56 63.5 359.78

1(15) -"- 25.16 0.51 61.6 1.8 77.38 61.4 2.81
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3 28-33 15.24 0.28 81.0 320.2 72.40 65.7 0.1

-"- 20-25 32.02 0.57 61.5 344.4 91.18 61.6 356.7

-"- 44-49 18.54 0.41 68.1 353.9 66.17 63.2 1.1

4 0-4 34.01 0.77 67.1 0.4 81.03 63.7 2.2

-"- 6-10 19.99 0.44 74.8 337.2 67.73 65.5 358.6

Contribution of NRM into total magnetization of soils in Ukraine
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(Bewan, 2016)



A forward magnetic model is created in order to
calculate the magnetic map of an actual or assumed
object.

This calculation may have several benefits:
1: Predict whether a feature might be detectable with a 
magnetic survey.
2: Verify if a feature found in an excavation caused the 
anomaly that was measured.
3: Discriminate the relative effects of different parts of
a feature.

Forward magnetic models

Magnetic properties needed for the forward modelling of 
magnetic anomalies in archaeological sites

M=Mi+NRM

Mi=κH
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Dugouts

Fireplace
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Various aspects and possibilities for application of soil and mineral 
magnetism in archeology open many new opportunities for 
reinforcement of multidisciplinary approach in archaeological 
investigations and for obtaining new and probably underestimated 
information that can give clues for unexpected valuable knowledge 
(Jordanova, 2016)

25


