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Abstract 
 
Metal detectors are basic tools used in humanitarian demining throughout the world.  Because of the 
importance of these instruments, a document has been produced with broad international support 
that standardizes the testing of metal detectors.  This document was produced by CEN Workshop 7 
and is known as a CEN Workshop Agreement (CWA 14747).  In particular, tests for determining 
detection capability are specified. 
 
Some soils have magnetic properties that can influence metal detectors, causing them to alarm when 
no metal is present.  This is one of the main factors limiting the effectiveness of metal detectors in 
some mined areas of the world.  Many modern detectors incorporate techniques that allow the 
detector to reject the effects of the ground while maintaining metal detection capability.  An 
important test in CWA 14747 is to determine the effect of problematic soils on a detector and the 
effectiveness of any such "ground compensation" function. 
 
JRC is engaged in a metal detector testing programme and already has some magnetic soil on which 
to perform tests.  However, a further soil was required that better represents the problematic soils 
found in many parts of the world.  A soil was required with a high frequency-dependent magnetic 
susceptibility. 
 
Using existing knowledge about the relationship between soil magnetism and other soil properties, 
areas in Italy that were likely to have soils with the required properties were predicted.  Zones were 
identified based on ecopedological and geological maps.  Several areas investigated were in 
Tuscany.  Using further local information from the Tuscan Regional soil science service, more 
precise locations were identified.  
 
A brief field survey confirmed the locations where the appropriate "Terra Rossa" soil could be 
found.  A large container of the soil (~1m3) was then transported to the JRC facilities at Ispra where 
it was installed in a soil test box. The soil in this box proves to have ideal properties for testing the 
detection capability of detectors in soil.
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1 Introduction 
Metal detectors are an indispensable tool for humanitarian demining.  Metal detection is the 
principal method available to detect hidden mines in most of the areas of the world where 
humanitarian mine clearance operations take place.  Modern metal detectors are extremely 
sensitive, being able to detect small amounts of metal in their vicinity.   
 
Following demands for common testing practice, a CEN Workshop (CW07) was created to produce 
standard requirements for testing and evaluation of metal detectors.  A CEN Workshop Agreement 
(CWA 14747:2003 [1]) has been published following the work of this CEN Workshop. 
 
One of the most important reasons for standardized testing that arose from CW07 was the fact that 
some soils can influence metal detectors.   There are soils present in many areas of the world having 
magnetic properties that can cause metal detectors to give alarms when no metal is present.  It is 
important for metal detector users to know how well a particular detector model can compensate for 
the soil properties, so that it does not give alarms from the soil, but still maintains a detection 
capability for small metal objects. 
 
CWA 14747:2003 [1] gives some guidance on how to classify soil according to its magnetic 
susceptibility (Annex A of [1]).  The CWA describes tests for determining detection capability in a 
particular soil and, in particular, how this capability is degraded in comparison with the in-air 
detection capability (Section 8 of [1]). 
 
JRC plans to continue its tests of metal detectors and is improving its facilities and making them 
compliant with the requirements of CWA 14747.  A major testing project has begun involving 
"laboratory" tests at the JRC facilities in Ispra and also regional tests in several mine-affected 
countries around the world [2].  The results of these metal detector tests will be freely available to 
the demining community and will be included in the "Metal Detectors Catalogue" [3] published 
regularly by the Geneva International Centre for Humanitarian Demining (GICHD). 
 
In previous tests [4], a soil of volcanic origin from the Naples area of Italy was used as an example 
of a "difficult" soil. The soil susceptibility was measured using a Bartington MS2 susceptibility 
meter and MS2D surface coil (operating at 958Hz [5]) to be 450×10-5 in SI units. The susceptibility 
as measured on 10cm3 samples with the MS2 and an MS2B 2-frequency enclosing coil is between 
about 680×10-5 and 780×10-5, depending on the packing of the sample and the frequency used. The 
measured susceptibility at low frequency  (465Hz) is higher by about 10×10-5 in SI units than it is at 
high frequency (4.65kHz). 
 
Although the susceptibility of this soil is quite high (qualifying as "moderate" or "severe" in the 
classification given in CWA 14747 [1]), the frequency dependence is quite low.  It is this frequency 
dependence that indicates the "magnetic viscosity" which affects many (particularly pulsed) metal 
detectors strongly. 
 
Measurements on soils used for testing metal detectors in Mozambique [6] show that those with a 
high frequency dependence of magnetic susceptibility are also those where metal detectors have 
most difficulty detecting buried targets.  It was therefore decided that to perform valid soil tests to 
obtain a soil for the test facilities at Ispra with high frequency-dependent magnetic susceptibility - 
representative of the above kinds of soil that deminers are often faced with in tropical areas.  The 
test design used at Ispra requires a large box (1m×1m×0.5m) of the soil type used for the test.  To 
avoid the difficulty of locating, obtaining and importing such a large specimen from a tropical 
country, it was decided that a source of a suitable soil be located as locally as possible.  The 
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objective of the work reported here was to obtain a sufficient quantity of a suitable soil to create an 
additional soil test box at Ispra. 

2 Soil Measurements 

2.1 Soil Properties Measured 
Over recent months and years JRC has performed simple measurements on various soils, in-situ and 
on soil samples, in order to understand the range of soil susceptibility found in various areas of 
interest: 
1. Where there is access to a flat, uniform plot of the soil in-situ, susceptibility measurements with 

the Bartington MS2 D–coil are made. 
2. Where there is access to a flat, uniform plot of the soil in-situ, measurements of the "ground 

reference height" are made.  This is the maximum height at which a calibrated Schiebel AN 
19/2 detector will give an alarm signal when raised above the soil. 

3. Soil samples are measured using the Bartington MS2 D-coil to give the frequency dependence 
of magnetic susceptibility. 

 
Details of the measurement procedures are given in Annex A. 
 
The results of these measurements, together with those made by others following the same 
measurement procedures have allowed a database to be built up relating the "noisiness" or 
"difficulty" of the soil, in terms of the ground reference height, to the susceptibility measurements. 

2.2 IRB Soil bank 
The Ruder Bosković Institute in Zagreb maintains a "soil bank" of samples from various areas in 
Croatia contaminated by mines.  JRC was given access to this soil bank to make measurements of 
these soil samples. 

2.3 ADP Test Lanes, Mozambique 
A set of seven test and training lanes was created in Mozambique by UNADP.  These soils 
represent the different types of soil of varying "noisiness" that are found in mined areas around the 
country.  Measurements of these soils were added to the soil database. 

2.4 Benkovac Test Lanes 
The test facilities operated by the Croatian National Mine Action Centre (CroMAC) at Benkovac, 
were used for detection reliability trials of metal detectors in 2003.  Lanes with a number of soil 
types have been laid and soil measurements on these lanes made. 

2.5 Lao Soil Survey 
Prior to planned metal detector testing trials in Laos, several areas of the country with soils that 
reportedly give difficulties for metal detectors have been surveyed.  The aim was to locate suitable 
sites for metal detector testing.  The soil measurements made have been added to the database. 

3 Locating Suitable Soil 
Experience of metal detector tests in Croatia [7] as well as the tests made at IRB (above) indicate 
that the type of soil known as Terra Rossa, found in the Dalmatian coastal area can have a large 
frequency-dependent magnetic susceptibility and can cause difficulties for some detectors.  Similar 
soil types exist in other Mediterranean areas and, in particular, in Italy. 
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Terra Rossa typically forms on calcareous limestone by weathering in situ over a very long time-
scale.  Such soil that is removed by alluvial action does not typically preserve its magnetic 
properties, so the most likely deposits of the soil with the properties required will be on limestone 
outcrops. 
 
Terra Rossa is an obsolete soil classification that covers a wide range of soil types defined in 
current classification systems, but using old [8] soil maps of Italy the areas marked as Terra Rossa 
were identified.  Then, using a recent ecopedological map of Italy [9], those areas were correlated 
with ecopedological zones having the appropriate soil classification and underlying limestone 
geology.  The identified zones are as follows: 
 
1. 13.07 West of La Spezia (on calcareous lithology). 
2. 12.10 SW of Bari 
3. 12.11 SW of Bari 
4. 12.12 SW of Bari 
5. 12.13 SE of Bari 
6. 13.07 Maratea – Golfo di Policastro (on calcarous lithology) 
7. 13.04 Portinico (Sicily) 
8. 13.04 Marsala (Sicily) 
9. 13.05 Marsala (Sicily) 
10. 13.07 Mt. Maggio  (W. of Siena) - Montagnola 
11. 13.07 N of Massa Marittima 
12. 13.07 W of Massa Marittima (Campiglia Marittima) 
13. 13.07 Monti del Uccellina (S of Grosseto) 
14. 13.07 Monte Argentario 
15. 13.07 Monti Lepini (NE of Anzio) 
16. 15.01 Sardinia – Golfo di Orosei 
17. 15.02/15.01 Sardinia (NW Porto Torres) 
18. 15.02 Sardinia "Sarcidano" (Central Sardinia) 
19. 15.01 SW Sardinia 
20. 15.01 NW Iglesias 
21. 15.01 NE Carbonia 
22. 15.01 E Santa Anna Avvesi 
 
Because of their relative proximity to Ispra, zones 1 and 10 to 14 were targeted for further 
investigation.  Note that all of these are classified as ecopedological zones of type 13.07.  Contact 
was made with Toscana Regional soil science service (Dr Andrea Vinci), who was able to provide 
GIS topographical maps at 1:25 000 scale, with overlays showing the reported Terra Rossa areas - 
including some soil sampling points – and also limestone outcrops.  Information on extent of public 
land and 13.07 areas was also given.  Figure 1 shows an example of this map information for the 
Montagnola area West of Siena.  
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Figure 1  Terra Rossa and Limestone in the Montagnola (Siena) 

 
The detailed large-scale maps that were provided facilitated the planning of a field sampling 
campaign that was much better targeted than would otherwise have been possible 

4 Field Sampling 
Field sampling took place in Tuscany on the 22 and 23 March 2004.  The purpose of the field 
sampling campaign was to identify exact locations where a suitable test soil could be obtained.  At 
each test site two measurements were made on the undisturbed soil surface.  The susceptibility was 
measured with the Bartington MS2 D (field) coil and the soil reference height measured using the 
calibrated Schiebel AN 19/2. 
 
Soil samples were also taken.  The two-frequency susceptibility was measured on site using the 
Bartington MS2 B (lab) coil.  Samples were also retained for testing after drying, back at Ispra.  
Details of the field sampling results are given in Annex C.  A short summary follows. 
 
Based on the information from Regione Toscana, the sampling was planned to start in areas 
identified in the Montagnola and Colline Metallifere. On the first day (22 March 2004), tests were 
made at one of the soil profile sample points identified by Dr Vinci.  This was a ploughed field next 
to a road between Ancaiano and Cetinale in the Montagnola (CE1).  This place is marked with the 
upper pink triangle in Figure 1.  The measurements here (large frequency-dependent susceptibility 
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and large ground reference height) identified this soil as being a good candidate to obtain for a test 
box. 
 

 
Figure 2  Ancaiano-Cetinale Test Location (CE1) 

 
The second location was a roadside bank between Ancaiano and Simignano on the SP52 road that 
was noticed on driving past. This was in scrubby forest on a "calcare cavernoso" outcrop and the 
Terra Rossa soil had been exposed by the road cutting, it had not been recorded on the GIS data – 
perhaps because it was not evident at the surface.  The measurements here also showed ideal 
properties (SI1 and SI2). 
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Figure 3  Ancaiano-Simignano Roadside Test Area (SI) 

 
On the second day (23 March 20004) the first testing was at a location close to Massa Marittima 
(Colline Metallifere) where Terra Rossa was indicated. A test area was chosen in a ploughed field 
with obvious red soil close to C. Pianizolli.  Measurements in the field (PI1) and some samples 
from the bank of a roadside cutting (PI2) were taken.  Properties were broadly similar to previous 
areas.  
 

 
Figure 4  C. Pianizolli Test Area PI1 
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Figure 5  C. Pianizolli Roadside Test Area (PI2) 

 
At a second location in the Massa Marittima area (south of Prata), the marked Terra Rossa area was 
not found. 
 
Returning to the Montagnola area, another ploughed field location beside the Sovicille to Ancaiano 
road, just north of Le Mandrie, provided the final test area.  Measurements here (AN1) were similar 
to previous ones. 
 

 
Figure 6  Sovicille-Ancaiano Roadside Test  Area (AN) 

 
The first location tested (Ancaiano-Cetinale) seemed to provide soil with the properties required; 
that is high, frequency-dependent susceptibility. Arrangements were made with the owner of the 
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land at this location to allow up to a cubic metre of soil to be removed from the field for testing 
purposes. 

5 Obtaining Soil and Commissioning Soil Test Box 

 
Figure 7  Selected Soil Area - View of Cetinale from Ancaiano 

On returning to Anaciano-Cetinale in June 2004, the ground reference height of a ploughed area of 
the field close to the location previously tested was checked.  As the height measured was typically 
200 to 250mm, the soil was deemed to be suitable.   Two large boxes of the soil from the field were 
filled with clods of the soil and these transported to Ispra in a van. 
 

 

Figure 8  Testing and Loading Soil in Ancaiano 
 
The soil was broken up with a mechanical mixer device.  This left a mixture of lumps of maximum 
diameter about 50mm and very fine dust.  The soil was tested for the presence of metal pieces in 
batches, each of which was spread out on a tray to a maximum depth of about 100mm. A Minelab 
F3 (red cap) and a Ceia MIL-D1 were used to check for metal contamination, since these are known 
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to be detectors having effective soil compensation for such soil.  Several small metal pieces (mostly 
the remnants of nails) were removed. 
 
The Terra Rossa soil was installed in a 1m×1m×0.5m test box in the Carl Friedrich Gauss 
Laboratory, together with an identical box filled with volcanic soil.  The boxes were mounted on 
supporting walls of building blocks to allow easy access from below to the device for inserting test 
targets. 
 

 
Figure 9  Soil Test Boxes: Volcanic (l) and Terra Rossa (r) 

The magnetic susceptibility properties of the two soils in the test box are as follows: 
 
Soil Type Susceptibility Difference 

(SI units, ×10-5) 
465 to 4650Hz as measured on 

Bartington MS2-B in lab 

Susceptibility 
(SI units, ×10-5) 

958Hz measured on Bartington 
MS2-D on soil surface 

Volcanic - Neapolitan 10 450 
Terra Rossa - Ancaiano 72 434 
 

6 Conclusions 
• Ongoing soil study has enabled the identification of "noisy" soils for metal detector testing 

based on the soil's magnetic susceptibility measurements. 
• Mediterranean Terra Rossa soil was identified as a soil type likely to have the desired properties 

(large frequency-dependent susceptibility) required for metal detector testing. 
• Possible locations in Italy of Terra Rossa soil with the desired properties were identified. 
• The field survey confirmed actual locations of ideal test soil.  In fact the first locations identified 

were confirmed to have suitable magnetic properties. 
• Soil with the desired properties was obtained and installed in the JRC Gauss laboratory. 
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Annex A: Procedure for Sampling and Testing Magnetic Soil 
 
Version 1.3, 09 March 2004 
Tom Bloodworth 
Humanitarian Security Unit 
JRC, Ispra 

Aim and Scope 
The aim of this procedure is to define the steps to be taken to make measurements of the magnetic 
susceptibility properties soil in a field location and the effect of the soil on metal detector operation. 
 
One or more of the elements of this procedure may be followed for different purposes.  Among 
these; 
1. Identification of soils with "noisy" properties of interest, for bulk removal to a testing facility. 
2. Experiments to correlate GRH to the frequency dependence of susceptibility. 
3. Survey of mine-affected country or region to determine the range of soils likely to be 

encountered during demining. 
 
The full procedure involves; 
• the selection of the area to be tested, 
• verifying that the measurements will not be affected by metal contamination 
• recording position, 
• measuring "ground reference height" with Schiebel AN 19/2 metal detector, 
• measurement of soil susceptibility in-situ with Bartington MS2 and D-coil, 
• taking soil samples, 
• measurement of two-frequency magnetic susceptibility with Bartington MS2 and B-coil. 

Selection of Test Area 
Soil measurements may be taken to characterize the soil in a mined area in terms of the difficulty it 
will cause demining operations, or to get an overall view of the soil properties in a region that may 
occur in a mined area. 
 
Soil may also be measured purely for the purpose of gathering data on the magnetic susceptibility of 
soils and its effect on metal detectors.  This will allow soil measurements and soil classifications to 
inform deminers whether a certain soil is likely to give problems for their metal detectors. 
 
To obtain controlled test results from metal detectors and susceptibility meter in-field test coils 
requires that the test be performed in a configuration where the soil under test occupies a half-space 
bounded by a planar ground surface. In other words, the instrument readings are dependent on the 
profile of the surface that they interrogate. The instrument readings are "true" only in the ideal case 
of a flat, uniform ground surface.  The location of the test plot should therefore be as flat and even 
as possible, over a scale of 0.5m to 1m.  Large rocks (with dimensions above a small fraction of the 
metal detector head diameter) should be avoided.  Note that indicative measurements (with AN19/2, 
MS2 D or even B) from rocks to determine whether or not they are measurably magnetic, may also 
be useful. 
 
An area with short vegetation or none should be selected, if this is possible.  Long vegetation may 
need to be removed from a small test area. 
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Avoiding Metal Contamination 
The area selected for testing should, if possible, be examined to ensure that there is no metal 
contamination that could lead to erroneous measurements of the soil properties.  A visual 
examination should be made, followed by sweeps with metal detectors that are capable of rejecting 
the noise from magnetic soil, while maintaining a good detection capability, for example Ceia MIL 
D-1 or Minelab F3.  These detectors shall be set up to reject the soil in the potential test areas and 
swept over the area in a fine raster pattern.  If there is metal contamination, it shall be removed, or a 
different area shall be used for testing. 

Recording Test Area Location 
The details of the location of the test area shall be recorded.  This may be done using GPS co-
ordinates, but also with map co-ordinates and a description of the location relative to well-defined 
local features, for example the road used to gain access. 
 
A description of the vegetation at the location and a description of the nature and condition of the 
soil shall be made.  Note the degree of soil compaction. Photographs of the general location and of 
the soil appearance should also be taken.  Record whether the soil has any obvious layer structure 
within the depth range of interest – usually down to about 200mm at most. 
 
Note: if the purpose of the exercise is just to identify soils for removal of bulk test samples, the 
depth at which any "interesting" soil occurs is not particularly important. 

Measuring Ground Reference Height (GRH) 

Objectives 
The objective of this test is to measure the effect that the ground has on metal detectors in terms of 
the maximum height above the ground at which the alarm sounds on a Schiebel AN 19/2 metal 
detector. 

Equipment 
1. Schiebel AN 19/2 detector (preferably "Mode 7") with continuous sensitivity control. 
2. Schiebel test piece (pin enclosed in a plastic case) supplied with AN 19/2. 
3. Ruler (non-metallic, 300mm to 500mm), or laser distance gauge. 
4. Simple jig to hold the detector above the ground and parallel to its surface (optional). 
5. Tools to remove vegetation. 

Calibration Procedure 
1. Assemble the Schiebel AN 19/2 for operation, insert batteries and switch on. 
2. Hold sensor head in air at least 1.5m from any metal objects and adjust sensitivity to maximum 

possible in air without the alarm being triggered. 
3. Check detector is functioning by verifying that the test piece can be detected. 
4. Adjust alarm loudness to comfortable level. 
5. Leave detector on for at least 30 minutes to warm up. 
6. Hold/fix the test pin so that the top of the case (tip of the arrow) is 50mm from the bottom of the 

sensor head on the coil axis.  As the pin inside the test piece is fixed 50mm from the end, this 
means that the top of the pin itself will be 100mm from the bottom of the detector. 

7. Adjust the sensitivity control so that the alarm is just triggered (it must be repeatable and not 
intermittent) with the test piece in this position. 

8. Record the position of the sensitivity control knob. 
9. Take the test piece away from detector, bring back to 50mm and verify that alarm sounds.  If 

not, repeat from 7. 
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bottom of sensor head 

50mm 

100mm

50mm

Calibration of AN19/2 with Schiebel Test Piece 

 
Note: The sensitivity level of the AN 19/2 calibrated in this way is nominally equivalent to that 
obtained by setting the maximum detection height of a 10mm-diameter chrome steel ball to 140mm. 

Soil GRH Measurement Procedure 
1. The plot of soil whose response is to be measured shall be at least 0.5m×0.5m, fairly level and 

even (homogenous) - representative of soil in the area.  Avoid large rocks.  Remove vegetation 
if necessary. 

2. Using the Schiebel AN 19/2, calibrated as above, the sensor head shall be laid on the soil 
surface. 

3. If no alarm sounds record this fact. 
4. If the alarm sounds, raise the sensor head, keeping it parallel to the soil surface, until the alarm 

stops. 
5. Adjust the height above the soil to find the maximum height at which the alarm still sounds 

(according to the same criterion used for calibration) 
6. Measure and record the maximum soil detection height (between soil surface and the bottom of 

the sensor head). 

Bartington D-Coil Measurement 

Objectives 
The objective of this test is to measure the magnetic susceptibility of the ground in-situ using the 
Bartington MS2 D. 
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Equipment 
1. Bartington MS2 susceptibility meter 
2. Bartington D-coil for MS2, operating at 958Hz 
3. Tools to remove vegetation 

Calibration Procedure 
1. Switch on the MS2. 
2. Set to SI units 
3. Hold the D-coil in the air and press "zero" button. 
4. Press "measure" button with coil still in air. 
5. Check that reading is zero or near-zero, if not repeat zeroing procedure. 

Soil Susceptibility Measurement Procedure 
1. The plot of soil whose response is to be measured shall be at least 0.5m×0.5m, fairly level and 

even (homogenous) - representative of soil in the area.  Avoid large rocks.  Remove vegetation 
if necessary. 

2. Place the coil flat on the soil surface. 
3. With the measurement precision at 1.0 (×10-5 SI), press "measure" button. 
4. Note this value. 
5. Repeat measurement, repositioning the test coil at different locations (about ten) over the test 

area. 
6. Record all measurements. 

Soil Sampling Procedure 

Objectives 
The objective of this test is to take a sample of soil for subsequent measurements, e.g. to measure its 
susceptibility using the Bartington MS2 B. 

Equipment 
1. Tools for removing vegetation and extracting soil. 
2. Jars or sandwich box-type containers of about 500 to 1000ml volume. 

Sampling Procedure 
1. For comparison with the Schiebel GRH and D-coil measurements, the soil sample should be 

taken from the same test areas. 
2. Remove any top layer of living or dead vegetation and dig up a sample representative of the soil 

to the depth interrogated by metal detectors, i.e. usually near the surface, but up to about 200mm 
deep, depending on the purpose for which samples are being taken. 

3. Remove any large pieces of inorganic matter or large stones. 
4. Take a sample of about 500ml of soil and put in a container.  This sample may be used for tests 

other than just the Bartington B-coil measurement. 
5. Try to maintain the proportions of soil over the depth range being sampled; i.e. unless separate 

layers are being sampled, include soil from the surface to 200mm depth in the sample. 
6. Write a unique identification of the soil on the sample container. 
7. If the soil profile changes visibly (layers) within the depth range of interest, take samples of 

each layer and measure. 
8. Take samples of stones present in or on the soil. The stones may have a significantly higher or 

lower magnetic susceptibility than the soil.  This fact may be of interest when trying to compare 
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readings from 10ml samples with bulk "half-space" measurements from the Bartington D coil or 
Schiebel AN 19/2. 

Bartington B-Coil Sample Measurement 

Objectives 
The objective of this test is to measure the susceptibility of a small sample of soil using the 
Bartington MS2 B.  This instrument gives the susceptibility at two frequencies, giving an indication 
of frequency-dependent susceptibility. 

Equipment 
1. Bartington MS2 susceptibility meter 
2. Bartington B-coil for MS2, operating at 458 and 4580Hz 
3. 10ml polystyrene test sample containers. 
4. Spatula or similar for filling sample containers. 

Sample Preparation Procedure 
1. Place the soil in a 10ml polystyrene sample container (Azlon BGG408).  Normally, the aim is to 

recreate the distribution of soil and stones in the area measured by the Schiebel and D-coil, so 
some small stones may be included.  In some cases the aim is to measure the susceptibility of 
just the fine soil, so stones are to be excluded. 

2. Try to recreate the level of ground compaction by packing the soil into the container so that it is 
full and flush with the rim. Close firmly with the polythene cap. 

3. Write unique identification of soil and sample number on the sample container. 

Soil Susceptibility Measurement Procedure 
1. Position the B-coil away from large pieces of metal and as far as possible from other sources of 

EM interference.  If being operated in a car for example, mount the coil on a non-metallic box 
or similar of about 200mm height, to ensure that the test coil is several coil diameters from the 
steel structure of the car.  Do not subject the instrument to large fluctuations in temperature 
during measurements. 

2. Switch on the MS2 connected to the B-coil. 
3. Set to SI and 1.0 (×10-5 SI) range. 
4. Determine mass of the sample (this may be done later if tests are being made in the field). 
5. Check that the MS2 is stable or drifting slowly and monotonically. 
6. On low frequency (LF) setting, zero the MS2 on an empty sample pot. 
7. Make measurement of empty pot, note "zero" value. 
8. Measure sample, note susceptibility value. 
9. Repeat measurement of empty pot, note "zero" value. 
10. Evaluate corrected LF susceptibility, subtracting the average of the "before" and "after" zero 

values. 
11. Set to high frequency (HF). 
12. Repeat zero and measurement process. 
13. Evaluate corrected HF susceptibility. 
14. Calculate the difference in susceptibility (κLF –κHF) between the HF and LF measurements. 
15. If this difference is small, the higher precision setting (0.1×10-5) should be used. 
16. In any case the measurement should be repeated at least three or four times to eliminate possible 

spurious results. 
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Soil Classification 
A preliminary soil classification has been proposed (Steve Billings, Dec 2003) that classifies soils 
according to the magnetic susceptibility and the frequency dependence of the susceptibility as 
measured by the Bartington D and B coils respectively. 
 
 
Category 

Primary (x 10-5 SI) 
Susceptibility difference 

κLF –κHF
(458 to 4580 Hz) 

Secondary (x 10-5 SI)  
Susceptibility 

(958 Hz) 

Neutral < 5 < 50 
Moderate 5-15 50-200 
Severe 15-25 200-1000 
Very Severe > 25 > 1000 
 



Annex B: Soil Measurement Data 
Examples of soil data collected to date. 
 
Sample  Place Description κLF (SI ×10-5) κHF(SI ×10-5) κLF –κHF (SI ×10-5) 

10ml sample 
Susceptibility with 
MS2-D (SI ×10-5) 

Schiebel AN 19/2 
ground ref height 

        
Croatian soil, IRB, Zagreb      
DEP1  Niksic Terra Rossa 382.6 360.9 21.8   
DEP2 Sabunike sandy soil  23.3 21.2 2.1 10.7 5.3 
DEP3         Rugoznica Terra Rossa 435.0 386.0 49.0 247.3 23.3
DEP4 A Punta Rika Terra Rossa 264.3 237.1 27.2   
DEP5 A Zerunik Donji brown soil  39.0 35.4 3.6   
DEP6 A Bokanjac silt soil  24.0 22.1 1.9 17.8 12.3 
DEP6 B Bokanjac silt soil  19.1 17.4 1.7  12.3 
DEP7 A Oklaj Terra Rossa  117.2 105.5 11.7   
DEP8 A Turanj clay  31.3 29.8 1.5 23.4 5.8 
DEP9 A Durdevac sand  51.6 50.8 0.8   
DEP10 A Cerovac Vukmanicki brown soil  19.1 17.1 2.1   
DEP11/1 Biokuvo Terra Rossa  236.0 214.0 22.0 146.8 23.8 
DEP11/2      Biokuvo Terra Rossa    143 19.5
TF1 A Rognica Terra Rossa  538.5 505.8 32.7   
TF2 A Baranja black soil  25.5 24.5 1.0   
TF3 A Durdevac sand 60.4 59.7 0.7   
TF4 A Osijek clay  75.1 66.0 9.1   
TF5 A Turanj brown soil  18.1 17.3 0.8   
TF6 A IRB pseudogley 

(undisturbed) 
23.5     22.3 1.2

TF7 A IRB pseudogley  
(mixed) 

70.4     65.3 5.1

        
Tuscan Terra Rossa       
AN1 Le Mandrie (Sovicille 

to Ancaiano road 
SP52) 

Terra Rossa 282.1 250.4 31.7   

CE1 Ancainao- Cetinale
road, uphill side 

 Terra Rossa 439.2 391.5 47.8 306 28.0 
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Sample Place Description κLF (SI ×10-5) κHF(SI ×10-5) κLF –κHF (SI ×10-5) 
10ml sample 

Susceptibility with 
MS2-D (SI ×10-5) 

Schiebel AN 19/2 
ground ref height 

PI1 C. Pianizolli, S side 
of road from Massa 
Marittima 

Terra Rossa 432.9 394.8 38.2 247 21.8 

PI2  Terra Rossa 424.8      378.7 46.1
SI1   descent to

Simignano from 
Ancaiano after turn 
to Cetina on SP52 
opposite big lay-by 

Terra Rossa 283.7 249.1 34.6 136 23.0 

SI2  Terra Rossa 472.2      401.4 70.8 323 32.5
SI3       Terra Rossa 559.2 477.1 82.2
        
Laos: prospective test sites       
NT1 Nongtang red sandy silt 122.0 107.0 15.0 100 19.0 
NT2 Nongtang red sandy silt 122.0 107.3 14.8 51 15.5 
NT3 Nongtang red sandy silt 27.5 25.5 2.0 39 15.2 
PJ1 Plain of the Jars compact 

reddish silty 
clay 

211.5     184.0 27.5 136 21.8

PJ2 Plain of the Jars compact 
reddish silty 
clay 

183.80     158.00 25.8 121 20.0

M1  Sanasomboune
Maung 

sandy silt 314.25 310.00 4.3 190 23.1 

M2       Sanasomboune
Maung 

clay/sand 
(paddy field) 

18.90 17.75 1.2 15.6

PK1       Phoukhaothong,
Paksong distr 

compact red 
clay subsoil 

2450 2295 155.0 1725 39.7

PK2       Phoukhaothong,
Paksong distr 

compact red 
clay subsoil 

1377 1261 116.0 1095 44.0

LK1 Lak 20 (20km on 
Pakse to Sekong 
road) 

red clay 768 701 67.0 563 30.8 

PO1  Phorkim village,
Laognam distr., 
Saravane Prov. 

dark red clay 1318.5 1230 88.5 947 31.0 
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Sample Place Description κLF (SI ×10-5) κHF(SI ×10-5) κLF –κHF (SI ×10-5) 
10ml sample 

Susceptibility with 
MS2-D (SI ×10-5) 

Schiebel AN 19/2 
ground ref height 

KT1       Khangthalath,
Saravane distr. 
Saravane prov 

pale yellow 
sand/clay 

142 137.25 4.8 83 11.0

TT1       Thateng-Tai, Sekong
Province 

974.5 913.25 61.3 600 32.0

        
Benkovac       
L1 Lane 1 Obrovac calib 

area 
 196   173.8 22.2  19 

L1B Lane 1 Obrovac 
middle 

 236.6   207.90 28.7  19 

L2 Lane 2 Sisak  14.1   13.50 0.6  0 
L7 Lane 7 Benkovac  252.7   217.30 35.4  21 
Pot 4 Benkovac outside 

fence 
 165.8   147.20 18.6   

        
Mozambique ADP test lanes       
4  TL1  2.5   2.5 0.0  0 
5     TL2  19.8 18.1 1.7  4 
6     TL3  138 131.7 6.3  8 
7     TL4  1454.3 1428.9 25.4  16 
8     TL5  1204.6 1168.7 35.9  18 
9     TL6  578.7 522.2 56.5  22 
        
Various Ispra test lane etc       
10 M Lat Cambodia  238     225.7 12.3
11 H Lat Cambodia  478.7     464.9 13.8
F1 Neapolitan (soil box)  685     675 10.0 12
F2 Neapolitan (soil box)  781     771 10.0
F3       replacement soil at

hanger 
  51.4 46.9 4.5 8

F4       replacement soil at
hanger (damp) 

  41.7 38.8 2.9 6

F5       Vercelli clay  13.8 13.2 0.6
F6       replacement soil at

hanger 
  59.5 54.5 5.0

F7       replacement soil at
hanger 

  63.9 58.2 5.7
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Sample Place Description κLF (SI ×10-5) κHF(SI ×10-5) κLF –κHF (SI ×10-5) 
10ml sample 

Susceptibility with 
MS2-D (SI ×10-5) 

Schiebel AN 19/2 
ground ref height 

TR Ancaiano (soil box 2) red Terra 
Rossa clay 

533     461.5 71.5 434 29.2

        
 
 
 



Annex C: Soil Sample Data – Tuscany March 2004 
 
Test Area  CE1 
Date 
22-Mar-04 

Time 
15:13 

Operators 
TJB, ALG, JH 

 

Location 
description 
(access) 
 

Ancaiano to Cetinale road in the field on the uphill (W) side of the road 

Map 
reference 

 

GPS co-ords 
 

Euro 50:   N 43.29846°  E 011.20438°   Altitude 302m 
GRB 36:  N 43.29612°  E 011.20567° 

vegetation 
 

ploughed field 

Metal-free 
check? 

Checked OK with Minelab F3 with red cap  

soil 
description 
(including 
compaction, 
layering) 
 

Edge of field. Ploughed and harrowed and also compacted tractor track at edge.  "Terra 
Rossa" very compact below ~100mm. 

other 
comments 

 

 
Ground Reference Height (GRH) and MS2D Susceptibility 
Test point Ground Reference Height MS2D Susceptibility (x 10-5 SI) 
   
CE1a 240mm, 300mm, 270mm 224, 266, 237 
CE1b 240mm  
CE1c 250mm, 290mm compacted 370, 372 
CE1d 360mm 300mm cleared surface 344, 330 
   
   
   
 
Sample MS2B Measurement (field) 
 MS2B Susceptibility (x 10-5 SI) 
Test point HF LF FD 
CE1 392 441 49 
CE1 438 490 52 
    
    
    
    
 
Sample MS2B Measurement (lab) 
 MS2B Susceptibility (x 10-5 SI) 
Test point HF LF FD 
CE1 391.45 439.2 47.75 
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Test Area    SI 
Date 
22-Mar-04 

Time 
16:35 

Operators 
TJB, ALG, JH 

 

Location 
description 
(access) 
 

On descent to Simingano after turn to Cetina on SP52, opposite large lay-by 
1. On top of bank at side of road cutting (big rocks) 
2. On very red soil washed out below 
3. Loose from bank underside 

Map 
reference 

 

GPS co-ords 
 

Euro 50:   N 43.29530°  E 011.17997°      Altitude 485m 
GRB 36:  N 43.29292°  E 011.18120° 

vegetation 
 

thin grass at 1. 

Metal-free 
check? 

Checked OK with Minelab F3 with red cap  

soil 
description 
(including 
compaction, 
layering) 
 

1. light red 
2. very deep red 

other 
comments 

Position 1. is quite heterogenous (rocks) 

 
Ground Reference Height (GRH) and MS2D Susceptibility 
Test point Ground Reference Height MS2D Susceptibility (x 10-5 SI) 
   
SI1 240mm cleared  
SI1 220mm thin grass cover 134, 138 
   
SI2 330mm 326, 323, 320 
SI2 320mm  
   
   
 
Sample MS2B Measurement (field) 
 MS2B Susceptibility (x 10-5 SI) 
Test point HF LF FD 
    
SI1 264 301 27 
SI2 333 392 59 
SI3 559 653 94 
SI3 556 654 98 
    
 
Sample MS2B Measurement (lab) 
 MS2B Susceptibility (x 10-5 SI) 
Test point HF LF FD 
    
SI1 249.1 283.65 34.55 
SI2 401.4 472.15 70.75 
SI3 477.05 559.2 82.15 
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Test Area    PI 
Date 
23-Mar-04 

Time 
10:14 

Operators 
TJB, ALG, JH 

 

Location 
description 
(access) 
 

Identified as Oleoniche Terra Rossa spot on map from A Vinci. 
C. Pianizolli.  S of road from Massa Marittima 
1. in ploughed field 
2. in roadside cutting 

Map 
reference 

 

GPS co-ords 
 

Euro 50:   N 43.04586°  E 010.95235°      Altitude 283m 
GRB 36:  N 43.04346°  E 010.95364° 

vegetation 
 

1. ploughed field 

Metal-free 
check? 

Checked OK with Minelab F3 with red cap  

soil 
description 
(including 
compaction, 
layering) 
 

1. brown very clayey.  

other 
comments 

 

 
Ground Reference Height (GRH) and MS2D Susceptibility 
Test point Ground Reference Height MS2D Susceptibility (x 10-5 SI) 
   
PI1 235, 215, 205 mm 249, 261, 223, 256 
   
   
   
   
   
   
 
Sample MS2B Measurement (field) 
 MS2B Susceptibility (x 10-5 SI) 
Test point HF LF FD 
    
PI1 322 355 33 
PI2 294 333 39 
    
    
    
 
Sample MS2B Measurement (lab) 
 MS2B Susceptibility (x 10-5 SI) 
Test point HF LF FD 
    
PI1 394.75 432.9 38.15 
PI2 378.7 424.8 46.1 
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Test Area    AN 
Date 
23-Mar-04 

Time 
14:00 

Operators 
TJB, ALG, JH 

AN 

Location 
description 
(access) 
 

Sovicille to Ancaiano road at km1 on SP52 (Le Mandrie) 
Ploughed field at roadside, downhill from road (W) 

Map 
reference 

 

GPS co-ords 
 

Euro 50:   N 43.27972°  E 011.22059°      Altitude 248m 
GRB 36:  N 43.27737°  E 011.22177° 

vegetation 
 

ploughed field 

Metal-free 
check? 

Checked OK with Minelab F3 with red cap  

soil 
description 
(including 
compaction, 
layering) 
 

Terra Rossa, clayey, very red.  
Sample AN1 from topsoil 

other 
comments 

TJB: "Beautiful" 

 
Ground Reference Height (GRH) and MS2D Susceptibility 
Test point Ground Reference Height MS2D Susceptibility (x 10-5 SI) 
   
AN1 250, 250, 240 227, 217, 250, 243 
 220 (compacted)  
   
   
   
   
   
 
Sample MS2B Measurement (field) 
 MS2B Susceptibility (x 10-5 SI) 
Test point HF LF FD 
    
AN1 252 284 32 
    
    
    
    
 
Sample MS2B Measurement (lab) 
 MS2B Susceptibility (x 10-5 SI) 
Test point HF LF FD 
    
AN1 250.4 282.1 31.7 
    
    
    
    
 

4 



Test Area          Box 2 
Date 
30-Jul-04 

Time 
16:15 

Operators 
TJB, GDL 

Box 2 

Location 
description 
(access) 
 

Ancaiano: soil from below the farmhouse, at the uphill end. The top end of the field sampled 
at CE1. 
This soil was transported to Ispra and put into a soil test box in Gauss Lab (box 2) 

Map 
reference 

 

GPS co-ords 
 

 

vegetation 
 

 from ploughed field – all vegetation removed 

Metal-free 
check? 

Before putting in soil box, with red-cap Minelab F3 and with Ceia MIL-D1 

soil 
description 
(including 
compaction, 
layering) 
 

Ploughed and left in very hard, compact clods. 
The soil was broken up before being put in the box.  Mixture of hard lumps of about 50mm 
size and very fine dust. 

other 
comments 

 

 
Ground Reference Height (GRH) and MS2D Susceptibility 
Test point Ground Reference Height MS2D Susceptibility (x 10-5 SI) 
   
box 2 290, 295, 290mm         292mm 422, 429, 423, 432, 453,  
  440, 439, 415, 439, 450 
  434 
   
   
   
   
 
Sample MS2B Measurement (field) 
 MS2B Susceptibility (x 10-5 SI) 
Test point HF LF FD 
    
    
    
    
    
    
 
Sample MS2B Measurement (lab) 
 MS2B Susceptibility (x 10-5 SI) 
Test point HF LF FD 
    
Box 2 462 533  
 461 534  
 462 533  
 461 533 71.75 
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