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Summary 
  

ribes the nature and origins of the natural and archaeological deposits at 
discusses the origins, distribution and effects of their geophysical properties.  

, well-drained Typical Brown Earth of the Wick 1 association formed in an acid 
t material of restricted, quartz-dominated mineralogy.  

tivity has produced a variety of feature fills which are almost all poorly sorted 
ed directly from the parent fluvioglacial deposits or mixed, before deposition, 
y topsoil and archaeological debris. 

hysical properties of the topsoil, fills and parent materials contrast strongly. The 
 behaviour and water partitioning between the soil components, in particular, 
cal resistivity and dielectric (GPR) anomalies are likely to arise under certain 
itions. Detailed measurements made on site confirm this. 

lyses and modelling are required to understand the sites geophysical behaviour 
is likely to be of much wider interest and applicability.   
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Aims 
 
 
This part of the Where Rivers Meet project had two principal aims 
 
1 to elucidate the origins of the natural and archaeological deposits found within the site 
 
2 to clarify the relationship between the origins of these deposits, their geophysical properties 

and the bulk geophysical behaviour detected by earlier survey at the ground surface. 
 
The aims and methods pertinent to this part of the study are described in outline, with the rest of 
the project, in the initial project design. 
 
 
 
 
Method 
 
 
Fieldwork 
 
The site was visited on five occasions during the excavation. Photographs were taken of the soil 
and archaeological feature profiles and notes made on the nature of the deposits.  
 
Bulk samples of the archaeological deposits were taken by the excavation team but we took a 
further column sample through one of the ditch features (in Area F1) and a sequence of six 
Kubiena-tin samples as follows: 
 
1 Area B2 ditch sample at 30cm from stripped surface 
2 Area B2 natural sand sample at 30cm from stripped surface 
3 Area F1 ditch sample at 15cm from stripped surface 
4  Area F1 ditch sample at 30cm from stripped surface 
5  Area F1 ditch sample at 45cm from stripped surface 
6  Area F1 ditch sample at 55cm from stripped surface 
 
 
It proved difficult to take intact samples because the natural and archaeological deposits were 
poorly consolidated and the process of sampling was repeated several times, in each case, to make 
sure that each sample was as little disturbed as possible. 
 
The samples were taken from locations chosen to be typical of the more substantial ditches of the 
site since it was more likely that these would be detected by the various surface surveys than might 
smaller pits, as well as being closely examined in excavation. The samples were taken from 
locations within the 2x5m sub-areas subject to very detailed excavation and geophysical 
measurement. This meant that there was the best possible chance that the correspondence between 
the samples geoarchaeological properties and the surface geophysical anomalies associated with 
them could be examined. 
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Laboratory study 
 
Thin section analyses 
 
The six Kubiena-tin samples were made into 5x7cm thin-sections by Adrian Palmer at the 
Department of Geography, Royal Holloway, University of London. The cut, resin-impregnated 
blocks were returned, with the sections, for study.  
 
The thin sections were examined without magnification, by hand-lens, at x20 and x40 under wide-
field binocular microscope and at x40 to x600 under mineralogical microscope. Unmagnified, 
wide-field and mineralogical microscope study was undertaken under transmitted plane-polarised 
and cross-polarised light. 
 
 
Magnetic susceptibility of sectioned samples 
 
The magnetic susceptibility of the cut block faces was measured, at a number of points, using a 
Bartington MS2 meter fitted with a modified type F coil. This had a small, cylindrical ferrite bead 
mounted on its detecting face, which had the effect of increasing the depth of the sensing volume 
relative to its area and thus integrating the measurement of magnetic susceptibility from a larger 
volume of sample without increasing the width of the measured area. The result is that the sensor 
measures the magnetic susceptibility of a more representative volume of the sample, with no loss 
of lateral focus. The geometry of the sample and sensor were closely controlled by mounting the 
sample and sensor in a rigid jig with the sensor head 1mm from the sample surface during 
measurements. The samples and sensor were kept close together in a room with careful 
temperature control in order to keep reading drift to a minimum.  
 
The details of this arrangement, and its measuring characteristics, are described in Appendix 1. 
 
Measurements were made using the normal Bartington measurement protocol for the type F coil, 
using a reading precision of 1x10-6 SI. 
 
 
Sample composition 
 
Samples from a number of contexts were examined in order to determine, approximately, the 
proportion of their constituent components. The deposits are all sandy and can be divided into 
volumes of coarse mineral (sand grains > 60µm), fine fabric (<60µm) and pore space – although 
the parent sands, below the uppermost fluvial deposit, contain very little which is finer than fine 
sand and which constitutes most of the fine-fabric matter in the archaeological features. 
 
The pores can be divided into macropores, which can be resolved under the microscope (>60µm 
diameter) and micropores (<60µm diameter) which are occluded within the fine fabric because of 
the thickness of the section. Some of the pore space is filled with water. 
 
The proportion of these constituents was determined in two ways. Firstly each component, in three 
thin sections representative of the key deposits, was point-counted on the computer screen from 
images captured from the microscope. Then undisturbed field samples, of known volume, were 
weighed, dried at 105oC, weighed again and their solid volume measured by water displacement. 
This allowed us to calculate total sample volume, volume of solids, total volume of pore space and 
mass (and thus volume) of soil water. From this we could infer the proportion of pore space filled 
with water and, using the microscopic point-count data, the proportion of pore space greater and 
less than 60µm. 
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These figures are necessarily approximate. We did not, for example, calculate the volume of solid 
matter lost in solution although we believe that this must be very small since there was no 
noticeable change in volume over time once each sample had been dispersed in water. Nor did we 
determine the variation in soil volume through the occlusion of water by clay minerals or the 
complex volume relationships of water and soil organic macromolecules. We do not think, 
however, that these effects are very significant for our findings because they are implicitly 
accounted for in our experimental process – the same processes of adsorption swelling and 
solution as occur in the soil are likely to have occurred, to some extent, during our determinations. 
 
The field samples and the thin-section samples come from slightly different places and we cannot 
therefore guarantee that their structures and components are identical. We did, however, choose 
our samples with care and expect the results to be reliable. It is of greater concern, for the 
reliability of our results, that while the conditions under which the samples were taken were very 
similar (and all were taken on the same day), the locations sampled had been exposed for different 
lengths of time and, while the soil faces were cleaned before sampling, this is likely to have altered 
the deposit moisture state to some extent. Thus our calculations of soil water content are probably 
only an approximation to the truth. 
 
Finally, we have only examined a small number of samples and, while our observations in the field 
suggest that they are typical, the number of samples is too small for our conclusions to be 
statistically robust. We have, however, found that our results are consistent within themselves and 
with our other observations. We judge, therefore, that within the inevitable limitations of this 
project the results are useful and meaningful. 
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Observations 
 
 
The components of the site  
 
The relationship between the stratigraphy of the parent material and the soil profile is complex – 
and complicates our understanding of the archaeological features. It is important to bear in mind 
that the sedimentary stratigraphy of the parent fluvioglacial strata formed by the vertical accretion 
of silt, sand and gravel from the flowing, late Devensian river Trent, and that the soil horizons 
formed subsequently within these strata, during the Holocene, by the addition of organic matter 
and rainwater from the surface and the gradual downward movement of fine particles and soluble 
minerals which either ended up in the river or were redeposited lower in the soil profile. This 
process of soil formation, therefore, has further modified the original stratigraphic units into a 
sequence of roughly horizontal horizons, the uppermost of which – the A horizon – has been 
mixed repeatedly to varying depths up to about 30cm by cultivation. Thus when we look at a 
profile in the field we see both the parent stratigraphy of the fluvioglacial deposits and the 
horizons of the Holocene soil “printed” over them.  
 
The coarse-texture and drainage properties of the soil and deposits at Catholme have had a very 
significant effect on the properties of the site. Thus our observations are specific to this site and, to 
a lesser extent, to sites in a similar geological and hydrological context. A similar report on a site 
formed in Holocene alluvial clay would describe very different materials and properties. 
 
 
The site parent materials – the fluvioglacial strata 
 
The soil is formed in fluvioglacial drift, described in an earlier report (WRM Vol 1, 2004), which 
consists of two distinct strata – a finer upper stratum, up to about 50cm thick, and a lower sandy 
and gravelly stratum which makes up the bulk of the terrace. 
 
 

 
 
       
      Ap plough soil 
 
 
 
 
      A patch of the UFS 
 
 
 
 
        The exposed LFS surface with 
small amounts of UFS and Ap mixed 
in, partly in worm and root pores. 
 

 
 
Fig 1 Photo of site profile showing the Ap, UFS and LFS 
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The Upper Fluvioglacial Stratum - UFS 
 
The upper stratum, hereafter referred to as the Upper Fluvioglacial Stratum (UFS), is seen in, 
sometimes extensive, patches when the plough-soil is stripped off. It is probably, however, much 
more extensive and has simply been incorporated into the plough-soil over most of the site. We 
saw some indications that it alters in depth and texture in relation to the microtopography because 
it was probably deposited from the reducing river flow in the late Devensian, at the time or shortly 
before the lower terrace was incised, and the nature of the deposit will reflect microtopographic 
influences on this flow and on the water column from which the deposit was dropped. 
 
 
 

 
 
Fig 2 Detail of the Ap and UFS. Note the worm pores descending into the UFS and the patches of 
UFS ploughed up into the Ap 
 
 
Drainage through the profile is sometimes impeded by the finer matter in this stratum and we saw 
that water was being retained here even when the coarser strata below were relatively dry – partly 
because of the reduced water flow in the more constricted pore space in the UFS and probably, in 
part, because of the lower matric suction in the coarser deposits below which does not draw the 
water down with sufficient force to drain the finer stratum above – a point discussed in more detail 
later in the report. 
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A brief examination by hand lens and under crossed polarised light showed that the UFS has an 
acid, quartz-rich mineralogy although with a wide range of other resistant minerals, in small 
amounts, and relatively few mafics. It contains a small proportion of hematite-coated clay and silt 
probably derived from the Mercia Mudstone which gives it a reddish tinge. The fine sand 
mineralogy is distinctly more acid and more dominated by quartz and other resistant minerals than 
that of the coarse sand, presumably because the less resistant types have been more completely 
broken down and weathered-out of the finer fraction. 
 
 
The Lower Fluvioglacial Stratum – LFS 
 
Where the UFS is absent, or incorporated into the plough-soil, stripping reveals the underlying 
cross-bedded Devensian fluvioglacial sand and gravel (hereafter the Lower Fluvioglacial Stratum 
or LFS and variously referred to in the earlier volume). This varies greatly in texture and is both 
partly indurated and has silt-cappings on some upper stone surfaces which, together with the 
presence of frost-wedges nearby, indicates that the stratum has been subject to a prolonged period 
of periglacial freezing and thawing during the later Devensian glaciation. 
 
 

 
 
Fig 3 The LFS. Note the well-sorted sand and gravel lenses. A ditch cuts through on the left side. 
 
 
The gravel lithology is quite broad but mostly acid and dominated by harder rocks – especially 
quartzite and other hard metamorphics. The sand is mostly coarse and medium with little fine 
matter and is dominated by sub-rounded grains of quartz and quartzite fragments with less than 
10% of other minerals.  
 
The sand and gravel is mostly found in very well sorted strata. The sand contains rare inter-grain 
bridges of orange clay which account for no more than 1% of the deposit volume although these, 
and the remaining hematite grain coatings, give it a distinctly orange colour. 
 
 
The soil profile 
 
The soil at the Catholme Ceremonial Complex is mapped as a typical cambic gley soil of the 
Wigton Moor association (SSEW, 1984). Such soils are found on flat river terraces and 
fluvioglacial drift and are permeable, fine to coarse loamy, containing a balance of sand, silt and 
clay. They are variably affected by groundwater with higher areas having slightly drier soils.  
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Typical cambic gleys are distinguished from others because they have no clay-enriched layer in the 
subsoil – a factor of significance for the conservation of archaeological strata since the gradual 
downward movement of fine matter can remove much of the evidence of buried strata in the upper 
part of the soil profile. This is not a problem which we have observed to occur to any great extent 
on this site, despite the relatively high inter-grain porosity and thus permeability of the soil to fine 
matter, because the soil parent materials do not include much clay. There may, however, be clayey 
areas near the site where it is more significant and it certainly does occur in some areas of the 
Trent fluvioglacial deposits. 
 
Our study showed that the existing SSEW map gives a fairly accurate description of the soils of the 
site although the good subsoil drainage and the limited amount of redoximorphic indicators of 
wetness (such as mottling) in the subsoil means that the soils are closer to being Typical Brown 
Earths of the Wick 1 association. The strong contrasts in texture between the strata at Catholme 
has also modified the soil profile and imposed a further structure which make the soils slightly 
atypical of their group. 
 
The depth of the plough-soil varies in all the fields where we saw it in excavation, perhaps 
influenced by the considerable variations in texture between those areas where the plough has cut  
down into the LFS and those where it has remained in the denser UFS. The depth of cultivation 
disruption appeared significantly greater – by up to 10cm – in field F than in fields A and B. This 
may be associated with the recent crop of onions and it would be interesting to know the 
cultivation history of all the fields. 
 
 

 
 

Fig 4 The stripped LFS surface. Ditch, broad furrow bases and other features can be seen 
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When the topsoil was stripped it was possible to see a number of features relating to former and 
recent cultivation. At the largest scale there were a series of broad, shallow furrow bases probably 
relating to broad rig-and-furrow cultivation. There were also a series of smaller plough furrows 
and tram-line impressions. The impression of the tramlines, from the previous years cultivation, 
were formed in the surface of the UFS below the stripped plough-soil. The surface of the UFS here 
had been compacted by at least 1cm and thus by about 5% of its depth at this point. Tramline 
compaction from previous years was not seen which suggests either that there was something 
unusual about the conditions under which cultivation happened in the previous year or that the 
evidence of previous compaction had been removed. In either case, however, the presence of this 
compaction suggests that cultivation disturbance is advancing down into the horizons below the 
plough-soil (the Ap horizon) and thus, that archaeological strata may be being actively destroyed. 
Since the site has survived so long this also suggests that the rate of downwards disruption may 
have significantly accelerated, at least in the most recent cultivations. The presence of fairly fresh 
plough-marks on the stripped UFS surface reinforces this impression and there are abundant small 
masses of fresh UFS material ploughed up into the Ap during the last cultivation, indicating clearly 
that ploughing is cutting deeper into the soil – and archaeological remains – beneath. 
 
 
 

 
 
 

Fig 5 Modern plough-marks cutting down into the fluvioglacial surface beneath the Ap 
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Fig 6 Tramlines and the propagation of the compaction they cause into the UFS surface 
 

 
It is interesting that the tramlines show up not only as the compaction of a depth of the overlying 
Ap into the UFS surface but also as a change in the soil moisture, with the tramlines themselves 
showing up as a lines of drier mineral UFS, below the plough-soil. This suggests that they are 
having a significant effect on the local hydrology of the soil profile and this might, in turn, affect 
the detectable soil geophysical properties. 
 
The soil profile, formed within the UFS, consists of a more organic sandy loam A horizon, where 
plant growth and decay, coupled with root and faunal mixing, has mixed well humified organic 
matter into the surface mineral matter. The depth of the original Ah cannot be determined because 
it has been completely incorporated within a deeper plough soil, in which the Ah structure has 
been lost and the organic matter and trash from recent cultivation has been diluted by mineral 
matter from the UFS. Thus the uppermost horizon of the soil is a cultivated, dark grey-brown Ap.  
 
Below this the UFS or, where this is absent, the top of the LFS, retains some of its original 
sedimentary structure disrupted, although in less than 5% by volume, by vertical worm pores filled 
with darker soil derived from the Ap above. The mid-brown colour reflects both the presence of 
some few, thin original iron oxihydroxide coatings on sand grains and occasional thin (10-20µm) 
coatings of mid-brown clay forming part of the soil matrix and bridges between sand grains. The 
clay is orientated with the grain surfaces, very clean and uniform. The UFS and the top of the LFS 
also contain horizontal, mid-brown bands which correspond with areas where the iron-
oxihydroxide enriched clay is most concentrated. These bands do not relate to the modern soil 
profile but appear to have formed under the influence of the pre-Holocene profile hydrology - the 
result of water movement within the parent sediments before the Holocene soil profile formed.  
 
There is no evident elluviation or the formation of an incipient Ea horizon associated with surface 
acidification and the downward migration of sesquioxides although a few, weakly formed drapes 
of humified organic matter (or, more properly, fine organic-mineral complexes) do descend a few 
centimetres below the plough-soil. There is likewise only a little evidence of the precipitation of 
sesquioxides, from above, in the subsoil.  
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Nor, despite the soil map classification, is there much mottling at greater depth or evidence of 
prolonged waterlogging – although reduction in this soil profile may be held in check by the lack 
of organic matter, and thus of metabolising, reducing microflora.  
 
Descending the soil profile from the base of the Ap the sedimentary structure becomes rapidly 
better preserved and can be seen to be very little disrupted in thin section at only 45 cm from the 
ground surface. Below 1m (and often less) the LFS becomes cemented into a much firmer and 
more compact layer, and contains stones with fine coatings on top, both indicators of a fragipan 
formed under prolonged periglacial conditions.  
 
 
The archaeological features 
 
The archaeological features are visible in plan, within the UFS and LFS, largely because their fills 
contain more fine matter (finer than medium sand), often including more fine organic matter, are 
of broader texture and have a different, usually weaker, sedimentary structure.  
 
 

 
 
Fig 7 four sections through ditch F105, Area B2. Note the variation in the depth and location of 
the darker fills, which contain finely-divided charcoal and have a higher magnetic susceptibility. 
Note also variations in texture, degree of sorting and the proportion of gravel. Worm pores, filled 
with darker Ap material from above, descend into all these ditch fills, though they are much less 
frequent (despite being easier to see) in the LFS parent sands and gravels to each side. 
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The finer texture of the archaeological fills is visible, in itself, because the fine matter has a 
slightly different surface colour and scatters light more effectively than the sand. When the 
stripped soil surface is moist, as was usually the case during the excavation, the finer matter in the 
fills retains water better than the well sorted sands and gravels to each side, since these have lower 
matric potential - which means that they hold onto the water less strongly under the influence of 
gravity and thus tend to loose water, and dry out more quickly, as it drains away downwards. The 
extra moisture in the archaeological fills tends to make them look darker, through the internal 
reflection of the light which strikes them within the surface water film. The picture changed when 
the surface began to dry, through evaporation, when the textural and structural differences, and 
organic matter colour differences between fills and their surroundings became more prominent. 
 
The additional organic matter in some of the fills tends to darken them both because it is, itself, 
darker and because it absorbs even more water and thus darkens further. The differences in texture 
and sedimentary structure between the fills and natural deposits can be most easily seen in section 
where the very different structures and, for example, stone orientations, are very obvious.  
 
The degree to which the features are visible depends on the amount of contrast between their fills 
and the natural deposits around them. In some cases, where the natural deposits are less-well sorted 
and the texture differences small, the feature cuts could be hard to see.  
 
 
Variations across the site 
 
The natural UFS and LFS deposits vary considerably both vertically and horizontally across the 
site but these differences appear, from the limited areas seen in excavation, to be often as great at 
the scale of 1-10 metres as at scales of 10-100m. Thus, while the parent materials of trenches A1 
and A2 appeared to be less well sorted and richer in gravel than those in the trenches of fields B 
and F, even these contained considerable volumes of gravel within 1m of the stripped surface. 
Likewise, all the excavated areas contain some poorly-sorted sandy gravel, of various textures, 
although much more of the volume was well sorted. The main exceptions were the lower parent 
LFS deposits of Area F1 which were unusually fine (sandy loam) and relatively poorly sorted. 
 
Evidence of the buried deposit structure in section, already presented in an earlier report (WRM 
Vol 1, 2004), shows these patterns and scales of variation very clearly, although the Pleistocene 
palaeochannels which are shown to run through the vicinity of the site do not, immediately, appear 
to have influenced the distribution of textures and degree of sorting in the site parent deposits – the 
UFS and LFS. 
 
This local variability means that the archaeological features were likewise cut into parent materials 
of very widely varying texture and degree of sorting. The strongly horizontal sedimentary structure 
of these natural deposits also means that many cuts pass through a number of parent sand and 
gravel strata with very different textures and thus the feature fills, which tend to lie parallel to the 
ditch and pit cuts, lie in contact with a number of parent materials with quite different properties at 
different depths. 
 
The archaeological feature fills reflect the three elements of their composition – the parent 
materials which went into them, the processes by which they were deposited and the post-
depositional changes which have taken place since. 
 
Some post-depositional change has occurred, in particular faunal mixing as is discussed below, but 
we observed that this has had much less effect on the texture and composition of the 
archaeological deposits than has the distribution of parent materials and the degree to which they 
have been mixed before and during the original process by which they were deposited in the 
features.  
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Feature fills have a number of different types of texture: 
 
1 some have a very well-defined texture (coarse sand, for example) suggesting that they 
come from a single parent stratum within the LFS, and were deposited quickly without having 
been mixed with other strata or with the contemporary Ah topsoil.  
 
2 some have a wider range of particle sizes but are similarly lacking in humified organic 
matter and may either derive from a mixture of LFS and UFS strata (but not of topsoil) or from one 
of the already mixed LFS strata.   
 
3 some have distinct volumes of more organic fill strata, within and between strata which are 
much less organic. In some of these cases the organic matter includes some evidence of burning 
(including fine charcoal) and the organic contamination may therefore come from archaeological 
strata elsewhere rather than the contemporary Ah topsoil. Some fills of this kind contain evidence 
of former wooden posts. 
 
4 some features contain stratified fills which are, however, rather mixed and contain some 
organic matter throughout. These cannot be derived from the UFS or LFS alone and must include a 
proportion of archaeological deposits, Ah topsoil or both. Given that fills in features nearby show 
no such organic contamination it seems likely that the process which mixed such organic matter 
into the fills occurred either before the features were formed or during deposition itself – although 
this is likely to have resulted in more evidence for stratification of the organic component as well. 
Since this is not what we observed it seems more likely that the fills are a mixture of LFS and Ah 
topsoil, containing some archaeological surface debris if this was present or mixed into the soil 
already. 
 
This diversity of fills is partly a result of the complexities of the parent LFS and UFS deposits but 
it strongly suggests a diversity of processes by which the features were filled and thus a number of 
quite different archaeological activities taking place around the complex of sites. It will be very 
interesting to analyse in detail how the fills of the different types of feature differ. 
 
This diversity also clearly has implications for the geophysical properties of the features and the 
way and degree to which they contrast with their surroundings. 
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Sample analyses 
 
 
The appendix contains: 
 

descriptions of the bulk samples and thin-section micromorphology 
thin-section point count records of the soil components 
magnetic susceptibility scan results 
 

 
 
Sample Descriptions 
 
The bulk samples are described following Hodgson (1973) and the thin-section descriptions are 
adapted from Bullock et al. (1985). 
 
 
Overview of the descriptions 
 
The natural sand and gravel are well sorted and thus only loosely or moderately packed, with a 
great deal of packing void space, and very little finer matter, between the grains.  
 
 

 
 

Fig 8 Thin section through LFS sand (equivalent to magnetic sample L43-48) 
 
Image A (1.7mm across) and B (0.7 mm across) show sand grains in plane-polarised light. Image 
C is equivalent to image A but in crossed-polarised light. Image D (1.7mm) shows orientated 
clay/sesquioxide bridges between grains.  
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Although there is no calcium carbonate visible in the bulk samples or thin sections the soil pH is 
close to neutral suggesting that the groundwater pH may also be relatively high and that the fields 
may have been limed, since such coarse, silica-rich soils tend to become acid. The sands and 
gravels of the LFS contain few worm or root pores and their well-preserved fine sedimentary 
structure suggests that they have not been significantly mixed by fauna and roots since they were 
deposited in the late Devensian. The finer UFS, however, has more root and worm pores and its 
less well-preserved sedimentary structure may partly be a result of such mixing. The thin section 
confirms the acid mineralogy, although it identifies possible, rare coal fragments. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plane polarised light 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
Crossed-polarised light 
 
 

 
 

Fig 9 Thin section through ring ditch fill (F105.11, Area B2, equivalent to L28-34) 
 
 
The feature fills are almost all more closely packed and less porous because they have a broader 
particle size range, which fits more mineral grains into the same volume, including fine matter 
derived from the UFS and fine archaeological debris and weathering products in the topsoil Ah 
horizon. The fine matter makes some of them slightly plastic and has allowed weak structures to 
form, although the lack of clay mean that these are very weak and easily broken down.  
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The fills are more mixed than the natural deposits and contain very well defined worm and root 
pores as well as a few fine decaying root remains. Their microfabric shows a weakly developed 
granular structure which appears to include excremental deposits and thus indicate extensive 
faunal mixing.  
 
 

 
 

Fig 10 Four thin sections through ditch fill (F320, Area F1, equivalent to L10-14) in PPL 
 
Sample A is from 10-20cm below the stripped surface, B from 25-35cm, C from 40-50cm and D 
from 50-60cm. All the images cover an area 1.7cm wide. Note the balance of sand, fine matter and 
pore space. 
 
 
 
The distribution of the deposit components 
 
Despite their complexities the Catholme deposits and soils can be reasonably divided into just 
three components – pore space, coarse mineral grains and fine matter.  
 
Such a simplification gives a reasonable approximation because the mineral matter (<2mm), which 
forms the bulk of the deposits and soil horizons, is dominated by sand in all the soils and deposits 
of the site. The pore space and fine matter form very distinct volumes within the soil, easily 
distinguished in thin section and, in most of the natural and archaeological deposits, separated by 
easily defined boundaries. We have set the boundary between coarse and fine matter at 50µm, the 
lower limit of sand grains, where grains become too fine to be individually resolved, given the 
thickness of the thin section (also 50µm). Almost all of the grains finer than this come from the 
UFS, the former topsoil Ah and from archaeological deposits.  
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This clear division between three distinct classes is slightly unusual – most soils have fine-coarse 
matter relationships too complex to allow this - but has advantages for the purposes of this project 
because it allows us to consider separately the influence of each component on the properties of 
the whole.  
 
These properties are also, crucially, affected by water in the soil. This lies within the pore space, 
where it is held by adsorption and capillary attraction on grain surfaces. It is also adsorbed by the 
fine matter where it is, likewise, held by capillary forces on grain surfaces, in micro-pores and 
combined more completely into the fine structure of the organic and the finest mineral matter. The 
amount of water in the pore space and the fine matter depends on the supply of water to the soil 
and the processes by which it is partitioned between soil components. The variations in the amount 
and distribution of soil water are crucial to some of the soils’ geophysical properties and we will 
consider these in greater detail below. 
 
The methods used to calculate the proportion of these constituents are discussed above, as are the 
limitations to their precision. Our aim here is not to provide a perfect picture of the properties and 
geophysical behaviour of these soils – impossible in such a brief exercise – but to reach broad 
conclusions and suggest how further work can build upon them.  
 
We chose three thin section samples, with associated intact samples of known volume, taken from 
three contrasting contexts representative of much of the rest of the site. The first was taken from 
the natural sand in Area B2, at a depth of 25-35cm below the stripped surface and in the area 
where detailed geophysical measurements were made (fig 7). The second was taken from the ditch 
profile at the same depth and in the same area (fig 8). The third was taken from the same depth 
within the ditch profile, subject to detailed geophysical analysis in Area F1 (fig 10 A). The first 
sample appears, from our observations on site, to be typical of the well-sorted LFS sands, the 
second of the more organic feature fills and the third of the less organic fills. 
 
 
The results can be summarised thus: 
 
 

 
           % Volume 

 
   Sample 

 

Grains  
>60µm 

Fine matter 
<60µm 

Macro 
pores 

Micro  
pores in the 
fine matter 

Water 

1  B2 Natural sand 64 (9.8) 1 (0.43) 35 (9.5) 3 10 

2  B2 ditch fill 50 (8.5) 37 (5.6) 13 (6.5) 11 16 

3  F1 Ditch fill 54 (5.5) 28 (2.9) 18 (3.2) 9 14 

 
Table 1    Volumes of the principal sample constituents (standard deviations in brackets)  
 
 
The volume of grains > 60µm, of fine matter and macro pores was measured from thin section 
with 16 separate runs of 2.5mm being counted in each case. The volumes of micro pores was 
calculated by subtracting the macro pore volume from the total porosity calculated by water 
displacement. The volume of water was calculated by comparing the weight of soil before and 
after drying overnight at 120OC. Only single samples were analysed and so no standard deviations 
are quoted. 
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The natural sand has a high proportion of sand grains, supported by grain-to-grain contacts, with 
macro pores between them and very little fine matter coating grain surfaces or forming bridges. 
The B2 ditch fill, which is relatively dark and thus probably contains more organic matter than 
lighter fills, has a much higher proportion of fine matter, a still large sand component – 
unsurprising, since all the parent materials are sandy – but much less total pore space of which 
nearly half is in micro pores occluded in the fine matter. The F1 ditch fill, which appears less dark 
and organic, is otherwise similar though sandier and slightly more porous than the B2 fill. 
 
The proportion of water in each sample reflects the distribution of porosity rather than its total 
volume. The natural sand, which has the largest pore space, holds less water than fills F1 which, in 
turn, holds less than B2, which has the least space. The key difference, however, is that the fill B2 
has the highest volume of micropores which, under the drying conditions when the samples were 
taken, have retained water which has been lost from the macropores. 
 
 
Magnetic susceptibility of intact samples 
 
We measured the magnetic susceptibility, using the adapted F coil, along two profiles (running 
vertically, top to bottom) across the cut face of each of the same thin sections for which constituent 
data is given above – from the natural sand from Area B2, from the ditch section in the same area 
and from the ditch in Area F1. These tests were intended to establish whether the magnetic 
susceptibility of the sample was uniform, at the scale of the sample and resolution of the sensor, or 
concentrated in areas of the sample which we might be able to relate, in thin section, to specific 
components of the deposits – and thus processes of formation. 
 
The method was tested, to ensure that the measurements were correct, by repeating the traverses, 
using exactly the same measurement geometry, with the sample jig in place but without the sample 
block. The measurements were also repeated using the F coil alone, at the same sample-coil 
distance, to allow us to determine the maximum contribution to the susceptibility reading by the 
normal coil alone. 
 
These tests showed that the measurements were reproducible, that the measuring jigs made no 
detectable contribution to the readings and that the contribution of the F coil alone was no more 
than 10% of the total reading. 
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Fig 11 Magnetic susceptibility profile through natural sand LFS, archaeological fill from Area B2 
and fill from F1. All the blocks are 5.5cm wide. Note that the magnetic susceptibility scales across 
the bottom of each block differ. 
 
Trends in susceptibility, but very few abrupt changes, were observed across all three samples. The 
two traverses gave similar, but not identical, results in each case.  
 
The natural sand gave the lowest mean susceptibility reading with a gradual increase towards the 
lower part of the sample block (not an artefact of the measurement geometry, although this might 
be suspected).  
 
The sample taken from archaeological deposits nearby in Area B2 showed a gradual, if irregular 
rise in susceptibility, downwards. This showed some correspondence with the structure and 
components of the sample but the susceptibility change was very small and it is reasonable to 
suppose that any corresponding change in the components might be similarly small – and much 
harder to detect, given the probable occlusion of the susceptible mineral component in a much 
larger volume of fine soil matter. We note, however, that there was no obvious increase in finely-
divided charcoal which might be a more visible indicator accompanying such a change in the 
proportion of a susceptible soil component derived from archaeological activity. 
 
The sample taken from the ditch fill in Area F1 showed a more complex pattern of susceptibility 
change and an apparent correspondence between this and the structure and components of the 
sample. The susceptibility values are highest in an area of darker deposit which appears to 
represent a former worm-pore, probably filled with more organic soil derived from the surface. 
 
It is interesting that, while the one large stone in the sample from the archaeological deposit in 
Area B2 gave consistent readings, as we might expect, that crossed in the sample from Area F1 did 
not, despite the apparent uniformity of its internal mineralogy. It is not clear why this is the case, 
although the same effect was noted in replicates and it is therefore unlikely to be an artefact of our 
measurement method. 
 
The correspondence between the rise in susceptibility and the apparent former worm pores in the 
F1 sample might be expected because the surface soil in the worm pores is likely to be of higher 
susceptibility than the fill of the ditch, which appears to be derived very directly from the UFS and 
LFS parent materials. On the other hand, while there is an apparent correspondence between the 
susceptibility distribution, structure and components in the sample of archaeological deposit from 
B2 the reasons for this relationship are less clear and need to be investigated further. 
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These susceptibility traverses appear to show that the susceptibility signal is related to the 
components and structure of the archaeological deposits at the scale of 5mm and greater at which 
we carried out our measurements. This suggests that it may be feasible to create a model of the 
distribution of the components and structures of the deposits which relates the origins of these with 
the magnetic susceptibility distribution which results from them. Such a model could then be used 
to explore how changing these distributions, in ways which describe realistic processes affecting 
realistic parent materials, will produce different susceptibility distribution outcomes.  
 
There are, however, three obvious weaknesses which need to be addressed. Firstly, we need to do a 
lot more measurements in order to fully test this experimental design and to create a set of 
measurements, large enough to provide a basis for valid models, and taken from a diverse suite of 
archaeological deposits and parent materials. Secondly we need to understand more clearly, by 
analysis and experiment, the origins of the distributions which we observe. Thirdly we need to 
scale such experiments both up – to create larger models – and down so that we understand in 
greater detail the origins of the susceptibilities we observe in the fine microstructure of the 
deposits, at a scale of 1-50µm or less. Scaling down, in particular, will present a considerable 
technical challenge, although there are technologies – including magnetic force microscopy – 
which might be applied to the analysis of the distribution of magnetic components of 
archaeological deposits if samples can be prepared to the very high standards required (our tests to 
date have failed because our samples of resin-impregnated soil could not be made flat enough for 
reliable MFM scans). 
 
Lastly, Hounslow and Karloukouski (this volume) have shown that the magnetic susceptibility is 
often less important to the magnetic anomalies detected by survey at the ground surface here, than 
viscous remanent magnetisation. Thus, since a useful model of the soils magnetic behaviour must 
include both, so must our measurements of their fine distributions, which presents a further 
challenge, although one we could meet by extending the magnetic and geoarchaeological studies 
carried out here.  
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Discussion  
 
 
The geoarchaeological origins of the site  
 
The archaeological features have been cut into materials – the UFS and LFS - which have quite 
variable texture and other properties, as described above. While the UFS, and some parts of the 
LFS, are unconsolidated, much of the coarser and less sorted LFS is indurated, which means that it 
is hard to dig through and holds-together well, below about 50cm. This has the effect – as we 
observed during the excavation - that, while the base of a ditch or pit cut in non-indurated material 
will fill relatively quickly by the erosion and concave collapse of its easily eroded sides, in others 
it would fill more slowly, with most of the basal fill dropping in from the part of the soil profile 
between the indurated layer and the root mat. Thus the basal fill of a feature in an indurated area is 
likely to contain more material derived from the topsoil, the UFS and any archaeological deposits 
near the surface – which would tend to make the fill finer, more organic, more water-retentive and 
more magnetically susceptible, with an obvious effect on the bulk geophysical behaviour of the 
feature and thus the way it would appear as an anomaly in surface surveys.  
 
This corresponds with our limited observations of the features on site and with the way in which 
the excavation trench sides decayed in indurated and non-indurated materials.  
 
There is considerable variation in the textures of the feature fills, much of which corresponds 
closely with the texture of the natural parent materials nearby, as we might expect. There is also, 
however, a considerable variation in the degree to which the fills are sorted and the amount of both 
occluded, humified organic matter and of archaeological debris (charcoal and artefacts) which they 
contain. In general the fills contain a higher proportion of fine matter than the LFS to each side, 
through which they have been cut. This may be because they incorporate some of the finer UFS 
material and the contemporary topsoil. 
 
Many of the less sorted and more organic fills are found in well-sorted, inorganic parent materials. 
This suggests that the mixing and addition of organic matter occurred before the fill was deposited 
in the feature – and that it may therefore contain a considerable proportion derived from the 
contemporary topsoil (where the mixing and addition of organic matter is most likely to have taken 
place) including, on the evidence of included charcoal and artefact fragments, some archaeological 
debris. While more recent worm pores and roots have added organic matter to the feature fills, the 
concentration of organic matter in specific fill strata (not immediately above barriers to worm and 
root advance, which do cause such post-depositional organic concentration to occur) suggests that 
it was originally deposited with the strata and has not been mixed into the feature by more recent 
worming and rooting. 
 
Elsewhere, however, the fills are almost as well-sorted and inorganic as the parent LFS and UFS 
around them, suggesting that they filled the feature either by collapsing from its sides or, less 
probably, by the erosion of a dump of excavated parent material to one side of the feature (less 
probably because the good sorting which we find in the fills would require that the various parent 
material textures had remained well separated when they were dug out and when they were eroded 
back into the feature – which is rather unlikely). 
 
Finally there are poorly sorted fills with little organic matter within better sorted parent materials 
in the UFS and LFS (the ditch in F1 has some fills of this kind). These, perhaps, formed where the 
material dug out of the feature eroded or was dumped back into it without being mixed with, or 
forming an upper soil profile – and thus probably quite quickly (no more than a few months and 
perhaps much less).  
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The distribution of the fills within the ditches appear to conform to the expected three-phases: 
 
1 an initial phase of rapid filling, by largely uncontaminated parent UFS deposits, producing 
a coarse, often poorly-sorted fill of up to 20cm 
 
2 a secondary phase of filling with poorly-sorted material, but in quite well-defined lenses, 
and containing completely humified organic matter as well as, in some cases, a very dark 
component including fine charcoal fragments. This phase, by analogy with observations elsewhere 
corresponds with a longer period of filling with the contemporary Ah topsoil and archaeological 
debris during or soon after the period when the site was in use 
 
3 A tertiary phase of filling with topsoil and material eroded from the ditch sides, partly as a 
result of cultivation, during the period which followed abandonment. 
 
Within this pattern, however, there is considerable variation, probably at least in part for the 
reasons of parent material inhomogeneity discussed above. The depth and thickness to which these 
distinct fills occurred, in particular, varied significantly even within a single ditch and this is likely 
to have had a considerable effect on the distribution of geophysical properties within it – and thus 
on anomalies which it caused at the ground surface. 
 
The distribution of fills within the other features varied to a similar degree, and presumably with 
similar geophysical consequences, across the different parent materials of the site. 
 
The minerals found in all the features are typical of the parent materials of the site – the UFS and 
LFS – and we found no evidence of imported materials. The only materials which are not found in 
the parent deposits are the result of local archaeological activity, including ceramic debris, 
charcoal and burnt soil. Even these, however, form only a very small proportion of the volume of 
the site although our observations on site suggest that they form a significant volume of specific 
fills. 
 
Most of the post-depositional alteration of the site appears to have occurred through mixing by 
roots and mesofauna. We found large (5mm) vertical worm pores descending from the modern 
surface Ap horizon right through the archaeological features, and the UFS, where present. Such 
pores were filled with darker plough-soil material. We also found an abundance of fine, fibrous 
root pores in some fills, as well as relic roots. Finally we noted in thin section the presence of a 
weakly formed fine granular structure and slightly mammilate macropore surfaces which suggest 
that much of the fine soil components may have passed through mesofaunal guts.  
 
This mixing has not been sufficient to destroy all the fine sedimentary structure of the 
archaeological fills and detail of a scale of 1-5cm remains in many. We noted that the more 
organic, least sorted fills (such as some parts of F105, Area B2) appear to have had higher 
concentrations of worm pores and roots, as well as a more clearly fine granular structure – 
although all the macroscopic structures of the soils at Catholme were weakly preserved, 
presumably because of the dominance of incohesive silt and sand in which structure does not 
easily form or survive disturbance. As a result the soil slakes easily, even where most organic. 
 
We observed that there were many fewer worm and root pores penetrating down into the LFS than 
into the archaeological features and the UFS. The sedimentary detail of the LFS is preserved very 
well as a result and strata as fine as 1mm or less can be resolved. The difference may be the result 
of several factors – the lack of plant and animal nutrients to promote biological activity in the LFS, 
the difficulty which root tips and mesofauna find in penetrating such coarse deposits, especially 
where indurated, and the lack of moisture in the well-drained LFS, may all be significant. 
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To sum up. The features contain fills of a restricted range of types constrained, largely, by the 
nature of the materials through which they are cut rather than the human activities and natural 
processes which they represent. They are formed from the local UFS and LFS sand and gravel, 
which has, in some features, been mixed – sometimes incorporating topsoil and archaeological 
debris – before it was deposited in the feature. The dynamics of filling has been significantly 
altered by the degree to which the natural deposits around are indurated.  
 
All this has significant consequences for the geophysical characteristics of the features, as is 
discussed in greater detail below, but the variations in these characteristics are only partly defined 
by the archaeological processes represented by the features while rather more is defined by other, 
very variable factors associated with the properties of the parent deposits and their interaction with 
past and present human activities – including the processes of modern agriculture.  
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The origins of geophysical behaviours at this site 
 
Watters (this volume) has carried out detailed surveys at this site by magnetic gradiometry, 
electrical resistance and ground-penetrating radar (GPR). Hounslow and Karloukouski have 
studied the magnetic behaviour of the deposits and discussed their origins.  
 
We intend, in this section, to extend these discussions by considering the origins of the properties 
described by these authors in the broader origins and properties of the natural and archaeological 
deposits, although our discussion will focus on the electrical resistance since more consideration 
has been given to the magnetic and dielectric properties of the site by the other authors. As the 
previous authors have pointed out, some of the answers we seek in order to achieve this, depend on 
evidence which has not yet been gathered and, in these cases, we will discuss what further work 
might be carried out to gather these necessary data. 
 
Our ultimate aim is, as far as this limited exercise allows, to relate the microscopic and 
macroscopic geophysical properties of the deposits and thus to suggest why the surveys have 
produced the results obtained. From this we hope to learn wider lessons about the application of 
geophysical survey to archaeology and further work which may be needed to improve it. 
 
Much of the discussion here is based on observations on this site, and others, rather than quantified 
analyses. Our aim is to outline what may be the key components, properties and processes so that 
we can suggest what further work needs to be carried out in order to expand on and quantify our 
observations. 
 
 
1 Magnetic 
 
Hounslow and Karloukouski have measured and discussed the key magnetic behaviours of 
samples typical of some of the archaeological and natural deposits. Watters has analysed and 
described the magnetic anomalies arising from the archaeological features and their natural 
context. She has also measured and reported the magnetic susceptibility of some of the same 
deposits.  
 
The properties which contribute to the magnetic behaviour of the archaeological deposits vary 
greatly within and between the features. The magnetic gradient surveys show that the largest 
magnetic field variations are associated with certain of the archaeological features and the 
susceptibility data show that archaeological strata – especially the darker, apparently more organic 
strata – tend to have the higher susceptibilities. The very highest values of susceptibility are 
associated with apparently burnt soil, including contributions to the feature fills, but the association 
of the VRM with specific mineral components is not clear. It is evident that understanding the 
mineral origins of the VRM will be important in relating its distribution to the origins of the 
deposits. 
 
We have observed, on site and in thin section, that the distribution of the more susceptible strata is 
complex. Some features have well-defined, darker strata with significantly raised susceptibilities. 
These tend to occupy lenses across the feature fills (especially clearly defined in the ring ditches) 
but these may lie within the upper, middle or lower fills of the feature and the possible reasons for 
this variation in feature filling are discussed above. The excavation showed that the lateral 
distribution of these more susceptible lenses along the linear and ring ditch features was variable, 
with patches of more susceptible material grading laterally into volumes dominated by the 
relatively unaltered parent materials. We would expect this patchiness in the susceptible and 
remnant-magnetised components of the ditches to be reflected in an equivalent patchiness in the 
magnetic anomalies detected at the surface – as was found. 
 



 

   24 

This variability suggests that the archaeological debris contributing more pronounced magnetic 
properties to the feature fills, was formed nearby and has been deposited close to where it formed 
although it may also have been spread around the site. The considerable variations in the position 
of this debris within the fills, however, suggests either that the features had filled to very varying 
degrees when archaeological activity was adding magnetic debris to the soils nearby or that the 
debris got into them at different times. The effect, however, is that the distribution of magnetic 
behaviours among the features varies considerably not only because of the inherent differences in 
the magnetic properties of each fill, as Hounslow and Karloukouski have documented, but also 
because of the varied ways in which the features have formed. 
 
The significant outcome is that the magnetic gradiometer survey has recorded considerable 
variations which faithfully describe a complex 3-dimensional distribution of deposit magnetic 
properties – made complex by the processes by which the features formed. It follows that this 
complexity cannot be reduced by altering the process of magnetic gradient survey, only 
represented more or less faithfully depending on the way the survey is conducted and the 
instruments used.  
 
The magnetic anomalies are often weak relative to other sites and to the “noise” level in the 
magnetic background. The use of magnetometers capable of more precise measurements, and with 
lower inherent noise levels can certainly help better define the weak anomalies and, although it 
cannot remove the soil magnetic “noise” it can better define it and thus allow it to be more clearly 
separated from the archaeological signal. 
 
 
2 Electrical resistivity 
 
The distribution of electrical resistivity in soils is complex. It depends both upon the resistivity of 
the soil components and the geometry of their relationship. In porous rocks, such as sandstone, 
resistivity can be approximated using Archie’s law (Archie, 1942) 
 

ρ =  ρƒ Φ-2

 
where ρ is the resistivity of the rock minerals 
 ρƒ is the resistivity of the pore fluid 
and  Φ is the porosity  
 
This empirical rule both provides a reasonably good estimate of the bulk resistivity of simple 
porous media and reflects the geometry and properties of the key components. It assumes, 
however, a simple two-phase system of rock and water-filled pores which does not hold for most 
soils. It is, for the same reasons, unlikely to provide a satisfactory model of resistivity distributions 
in archaeological strata. 
 
There are several reasons: 
 
1 soils and archaeological strata usually consist of many, intimately mixed components with 
a continuous range of resistivities. Archie’s law, by contrast, assumes only two resistivities. 
 
2 soil pores vary from being completely filled with water, beneath the water-table, to being 
almost completely filled with air near the surface. The way the water is distributed up the soil 
profile depends on the complex way it is partitioned through its capillary attraction to pores of a 
continuous range of diameters and degrees of connectedness, adsorption onto mineral grain 
surfaces and bonding of various kinds with the finer soil components – especially with clay and 
organic matter. 
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3 soils have complex pore structures at many scales. It is reasonable to assume that rock 
structures exhibit complexity at a restricted range of scales. A sandstone may have a complex pore 
structure predominantly at the scale of 10 to 100 µm but may be relatively uniform up to the scale 
of fractures and macroscopic sedimentary structure in the range of 1-1000m. Soils, by contrast, are 
often continuously variable at scales from less than 1µm to 2m because of the broad range of 
particle sizes that most contain and the fact that, at scales from about 10µm to 2m or more they 
exhibit a physical structure – granular, blocky, prismatic and so on, often nested and defined by 
pores and fissures. Simple mathematical models of soils and archaeological features, which do not 
consider this multi-scale complexity, are therefore likely to give us unreliable interpretations of 
resistivity distributions.  
 
Kalinski and Kelly (1993) developed a variation of Archie’s law, which they tested on laboratory 
specimens, in order to consider the more complex behaviour of soil solids explicitly. Robain et al. 
(2003) propose a more complex equation to describe soil resistivity in terms of pore structure, pore 
water resistivity, pore water saturation and other empirically derived variables. Neither, however, 
describes the aggregate effect of this complex, multi-scale physical structure of granules, peds and 
pores which is probably crucial to the way in which electrical resistivity is distributed in soils and 
archaeological strata.  
 
Under saturated conditions, around field capacity, the pores act as conductive pathways which may 
allow current to largely bypass the mineral soil components. Under dry conditions, however, they 
act as insulators which restrict the current to much more resistive pathways through the contacts 
between peds – all the more significant in those many soils which shrink when dry and where 
conducting ped-ped contacts are therefore all the less common (not a significant consideration at 
Catholme, where the soil hardly shrinks and swells at all). 
 
This is particularly significant for archaeological remains because the structure we find within 
features is often different than that we find around them and thus the influence of these pathways, 
and their change during the annual hydrological cycle, must be considered and modelled 
differently within and outside features. Moreover, it is a characteristic of well-developed structures 
that they are strongly orientated, with pores and fissures usually becoming increasingly vertical the 
deeper they are found in the soil. In many well-drained British clay soils, in particular, well-
developed fissures, with few points of contact between the sides, can descend to depths of more 
than 2m and divide the soil up into relatively conductive columns separated by these deep, vertical 
insulators. This structure, which occurs at precisely those depths within which we find most 
archaeological remains, thus imposes a strong structure of resistivity distribution on the pattern of 
archaeological remains, and their inherent resistivities. Thus to understand the distribution of 
resistivity within and around archaeological strata we have to understand these structural effects as 
well. 
 
Moreover, while conduction in porous rocks may be principally mediated by the flow of ions in  
water, conduction at finer scales in soils involves surface conduction and charge redistribution 
mechanisms which respond differently to an externally imposed electric field (Robain et al. 2003). 
This too is likely to have an influence on our model because, as the soil wets and dries through the 
year, the proportion of conduction which takes place by ion migration in solution in macropores, 
by similar ionic conduction in micropores and by electrostatic conduction in solid matter and 
adsorbed water is likely to change substantially. 
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Fig 13 The distribution of ped and pore structure 
in this alluvial gley (1m section), in the Severn 
Estuary Levels contrasts with the profile at 
Catholme. We can see, in particular, that the very 
open, granular structure of the upper 25cm passes 
into a strong, medium angular blocky structure 
and then a well-developed prismatic structure 
descending to about 60cm from the surface. Much 
deeper soil prismatic structures are common on 
swelling clay soils on well drained substrates (such 
as fluvioglacial deposits) and we might expect the 
deep, broad fissures which develop in summer to 
form a network of deep electrical insulators 
bridged only infrequently, by soil which has 
dropped down from above or places where the 
fissure sides have not completely parted. We might 
also expect that the soil will go through a period of 
transition, when the pores and fissure open in the 
early summer, and when the distribution of bulk 
resistivity will change very radically to reflect a 
vertical rather than a largely anisotropic structure. 
 

 
We wish to understand the way in which resistivity distributions occur in soils and archaeological 
strata in order to predict how best to carry out surveys to map these strata and to interpret survey 
results. This may become increasingly important as tomographic survey becomes more common 
and we need increasingly to have realistic 3-dimensional models of the way in which features 
behave, and at the scale at which they can be resolved, not least so that we can constrain inversions 
in often very complex conditions. 
 
This section of the report therefore describes what we observed of the components and structure of 
the deposits at Catholme which may be relevant to the distribution of resistivity within them.  
 
In fact the site is simpler than some, in this respect, because the coarse parent materials and the 
rarity of clay mean that it has not developed significant fissures and the soil structure is composed 
of either weakly formed granules at the surface or weak, fine excremental granules in the more 
organic fills. Elsewhere it has no ped structure. The pores formed by the weak, fine structures in 
the feature fills and topsoil are often little bigger than the packing voids between the sand grains 
which dominate the pore space and may therefore have very much less impact on the distribution 
of resistivity than would the abundant, much larger structural fissures within, for example, a clayey 
alluvial soil. 
 
Our thin-section and other analyses have described the main components – sand grains, fine 
matter, macro-pores, micro-pores and water – and their proportions and relative distributions.  
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The natural LFS sand 
 
We can see that the natural sand consists almost entirely of sand grains (64%) divided by packing 
voids (35%), some of which contain water (10%).  
 

 
Fig 14 the structure of the natural LFS sand 
in thin section 
 
This is a relatively simple system, to which 
Archie’s law may apply when saturated, and 
in which conduction probably occurs largely 
through the movement of ions within the 
pore water.  
 
We may suppose, therefore, that the key 
factors which alter the resistivity of this 
deposit (and most of the LFS which it 
typifies) are the amount and conductivity of 
water in the pores. It is possible that 
variations in the pore water conductivity are 
relatively unimportant, in practice, because 
in the macropores the ionic concentrations 
are buffered by exchange with the fine soil 
matter and in the micropores it is surface 
conduction rather than volume electrolytic 
conduction which is most significant 
(Robain et al. 2003). Whether this is or is 
not the case, however, is yet to be 
established and is clearly important to our 
understanding of how the site behaves. 

 
 
The archaeological fills 
 
The more organic archaeological fills, such as that described from Area B2 above, consist of sand 
grains (50%) and fine matter (37%) divided by macropores (13%) and micropores (11%) 
containing water (16%). 
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Fig 15 the pore structure of two archaeological fills in thin section 
 
A and C are photographs of thin sections from ditches F105 and F323 while B and D are plots of 
macropore-space (green), fine matter (brown) and mineral grains (grey). The macropore space 
estimate here and in fig 14 are slightly underestimated and the space in fig 14 is more connected 
than it appears here. Nonetheless, the plots show clearly the key differences of pore-space volume, 
distribution, connectedness and volume which will influence soil conduction. 
 
 
The distribution of resistivities here is much more complex since we have electrolytic conduction 
through the macro- and micropore water as well as surface conduction in the fine matter. The lack 
of coarser structure, however, means that we can consider such deposits to consist of only these 
components and to represent them, in a model, as uniform at scales above about 5mm. This is not 
entirely accurate, since there are structures at this scale which will almost certainly alter their 
resistivity (such as larger worm pores) but these do not affect most of the deposit volume and our 
simpler picture may therefore be valid as a first approximation. Larger scales of variation in 
resistivity can be explicitly described in a model. 
 
As for the natural sand, it seems likely that the main factor which alters the resistivity of such 
deposits is the amount of water they contain. 
 
The less organic fills differ from the more organic fills mainly in the proportion of their 
components and the lack of a visible granular structure – presumably because they have not been 
ingested and excreted by the soil fauna to the same extent. On site, however, we saw a wide range 
of such fills and, while the lack of granular structure may be common, the distribution of particle 
and pore sizes in such deposits may be similar to those in the more organic strata – and thus their 
resistivity behaviour, which we suggest depends principally on these factors, is likely to be similar. 
 
 
The UFS 
 
The UFS is normally a loamy sand, without discernable structure. We do not have any thin 
sections made but from our field observations suggest that it is similar to the less organic 
archaeological fills, although sometimes more compact.  
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The Ap plough-soil 
 
The Ap consists of an intimate mixture of mineral matter, derived from the UFS with some LFS 
additions, mineral matter weathered from these parent materials, accumulated organic matter and 
pore-space, some of which contains water. Previous studies have shown, in other soils, how the 
structure of the Ap is reformed by cultivation each year and gradually decays during the year as 
fissures close and fine matter is redistributed by fauna, roots and the flow of water. We do not have 
thin-sections through the topsoil to give us a clear picture of the distribution of these components 
but analogy with other sites and our own observations here can give us a fairly clear idea.  
 
The Ap is mostly a sandy loam which has a weak, medium granular structure. We saw that it 
contains an abundance of mesofauna (worms, arthropods …) and the horizon is probably being 
constantly recycled through their guts with organic matter being broken down by microorganisms 
and fungi to feed them. Thus a combination of cultivation and organic activity is constantly 
creating pore-space and rearranging the soil components into the definite, though weakly bound, 
granular structure which we observed on site. 
 
The lack of clay and the dominance of coarse components, however, means that this structure is 
very vulnerable to slaking and compaction. Cultivation pores therefore probably tend to collapse 
during the year and finer structure, and its associated pore-space, is easily lost when it is disturbed 
by, for example, further agricultural operations.  
 
This easily loss of structure and porosity may explain why the tractor tram-lines are often seen to 
be significantly more compact and depressed relative to the soil to each side, as we observed in the 
field. 
 
These properties may have a significant effect on the distribution of resistivity within the Ap, and 
its change over the year – and thus on the effect of this resistivity on the overall resistance pattern 
detected by surface survey. This is especially important because we might anticipate that the 
geometry and properties of conductive pathways within the Ap will have a particularly significant 
effect on resistivity measurements of the whole soil. We might also infer that the resistivity 
distribution within the Ap, and its effects on the overall pattern of resistance detected by survey, 
may vary considerably during the year, as the soils structure and water-pore-solid relationships 
change, and across the site, under the influence of differing parent material textures and cultivation 
regimes – although these are fairly uniform within each of the fields (except for field F, and only 
there since the large area surveys were carried out). 
 
So how is the resistivity distribution in the Ap likely to behave? When we examined the Ap on site 
the soil had been left fallow since the harvest and the surface had broken down to form a weak 
capping. We found that, while the Ap mineralogy is still dominated by sand, it appeared to have a 
higher proportion of fine matter and to be consistently darker and more organic than most of the 
other materials on the site. It was moist and relatively densely packed with a low proportion of 
visible pores, although un-decayed organic matter tended to create voids within it.  
 
We might therefore expect that the intimate mixture of fine and coarse mineral and organic 
components, together with the weak soil binding, will have tended to restrict the pore space and, 
over the year, to remodel pores which are continuous when first formed, into smaller, closed pores 
with many fewer interconnections. The fine component matrix, however, contains a little clay and 
much more organic matter which may tend to form a complex microporous structure and to retain 
water by adsorption at the time when we examined it on site. 
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The Ap structure, however, is likely to be quite different soon after cultivation when it will contain 
a much higher proportion of fissure pore-space separating blocks of soil which remain in contact at 
vertices. This, and the effects of subsequent structure degradation have a measurable effect on pore 
water suction (Moran, C.J et al., 1988).  
 
When the soil, in this condition, is saturated conduction may occur principally through the flow of 
ions in macropore water, with an increasing proportion passing through the ped-ped contacts as it 
dries. As the macroporous structure decays and a higher proportion of the  water in the topsoil is 
held in the micropores and adsorbed in the fine matter, macropore conduction is likely to become 
less significant and micropore and fine-matter conduction more so. This will be further 
exaggerated where the soil is compressed, for example in tram-lines. 
 
The effect of this change in structure on the resistivity of the topsoil will depend on the amount of 
water present, and the effect of both on the overall resistivity of the soil, measured from the 
surface, will depend on the relationship between the topsoil resistivity distribution and that of the 
materials below. It seems likely, however, that these significant anticipated changes in conduction 
pathways will have a considerable effect on resistance survey results. 
 
 
The overall resistivity distribution in the site 
 
Putting these considerations of the properties of individual units together we can start to form a 
model of the overall electrical resistance behaviour of the site – and then see if this corresponds 
with what was actually observed. 
 
 

 
 
Fig 16 the structure and inferred distribution of resistivity within the natural soil profile and a 
typical archaeological feature 
 
These values are inferred from the detailed resistivity survey data from Area B1. A profile drawn 
for Area F1, by contrast, would show resistivity values of 150 Ωm for the topsoil, 400 for the 
gravel immediately beneath but much lower values of the order of 100 Ωm for the finer, mixed LFS 
parent material below. This has a significant effect on the way that resistivity survey detects the 
features in Area F1, relative to B2 – and the way that pore-water changes in the two contrasting 
profiles affect the appearance of the features as resistance anomalies at different times of year  
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The normal profile consist of a 30cm Ap which, except when recently cultivated, may conduct 
principally through water held in fine-matter and micropores and through surface charge 
movement. We observed that the Ap retains water and may remain more conductive than strata 
below because of this and because of the availability of ions, adsorbed on the abundant organic and 
fine mineral matter, which buffer the soil solution, more than they can in the coarse deposits 
below, and keep ionic concentrations high. Thus in both wet and dry conditions we might expect 
the Ap to be relatively conductive – but we would also expect the strong effects of cultivation and 
compaction on the soil pore structure to make the soil much less conductive soon after cultivation 
(except when it is fully saturated – probably a rare and short-lived occurrence) and rather more 
conductive in tramlines and elsewhere where the pore-space, including secondary pore-space 
formed by soil organisms, has been further reduced. Moreover, we might expect the complex and 
irregular distribution of macropores and fissures produced by cultivation, might produce a 
similarly complex distribution of resistivity which will become increasingly uniform as this 
macroporous structure decays. 
 
The UFS below varies from 0 to about 30cm thick and, where present, may be relatively 
conductive since it lacks fissures, and contains sufficient fine matter to retain water.  
 
 

 
 
Fig 17   A section through the LFS showing the variations in pore-water. The silty sand lens in the 
middle and the dark, more organic ditch fill on the left are relatively moist because they have 
water held in their fine porosity and bound into their fine organic and mineral fractions. The 
gravel and coarser sand strata are much drier because their pore water has been lost because of 
their low matric potential  
 
The LFS below, however, contains abundant inter-grain packing void pore-space of 50µm or more, 
which has much lower matric potential than the finer pores of the Ap, UFS and archaeological 
deposits and which therefore drains much more rapidly as the soil dries. It also lacks the fine 
matter of the other deposits which create conductive pathways through saturated micropores and 
over charged surfaces. Thus, except under conditions of exceptional saturation, it is likely that the 
LFS is significantly more resistive than the other materials of the site. It is not, however, uniform, 
and finer, and less well sorted strata within it, are likely to retain water better and thus may have a 
significantly lower resistivity. The LFS stratification across the site is broadly horizontal and thus 
such changes in its composition intersect the sides of cut features, causing a complex relationship 
between the distribution of resistivity within the LFS and the feature fills – although the latter are 
likely to be of lower resistivity because they tend to be finer, more organic and less porous than all 
the LFS strata. 
 
Our analyses, and our more extensive observations on site, suggest that the archaeological strata 
vary from sandy loam to loamy sand and, even where coarsest, contain at least 10% by volume of 
silt and finer matter. The thin sections, and other analyses, show that this significantly reduces the 
macropore space and we may conclude that conduction through these strata occurs, to a 
significant, though unknown, extent through water in the micropore structure and the fine matter 
itself.  
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This implies that under all conditions, except saturation, the conductive pathways through the 
archaeological strata are likely to be more continuous than through the LFS around them and thus 
their resistivity is likely to be consistently lower. It may be similar, however, to the resistivity of 
the UFS (of similar texture and structure) and higher than that of the Ap, except when recently 
cultivated, since this consistently contains more fine organic and mineral matter, and retains 
conductive water. 
 
It is also important, in considering how resistivity is distributed between the deposits, to consider 
how it is likely to vary during cycles of wetting and drying. The Catholme deposits are unlike 
many finer British soils in that there is a strong contrast in matric potential between and within the 
principal parent material – the LFS – and the other materials. This has an effect on the movement 
of water through the profile both because water drains rapidly from the LFS and because it 
probably lacks the capillary suction needed to draw water back into itself, even when adjacent 
strata are much wetter. This could be seen in section where finer strata above and to the sides of 
the coarse LFS were consistently wetter than the LFS itself. One effect of this is to delay the 
migration of soil water downward after rainfall, since it is probably retained in the Ap, UFS and 
archaeological deposits rather than being drawn down into the LFS. This probably also increases 
the resistivity contrast between the archaeological features and the LFS under such conditions. 
 
The role of the LFS in the soil water distribution would be different if there were significant 
groundwater recharge, as the soil map (which describes the soil as a sandy groundwater gley) 
would imply. In these circumstances the LFS would be a pathway through which rising 
groundwater could migrate towards the surface through saturated pores. Our observations, 
however, found little evidence of persistent waterlogging in the lower soil profile and we conclude 
that a high groundwater level, and profile recharge from below, is relatively rare. 
 
These considerations of water (and soil nutrient) distributions are also relevant to our 
understanding of crop growth on the site and it would be very interesting to compare a detailed 
analysis of the air-photographic crop-mark evidence with a further, quantified analysis of the soil 
hydrological and resistivity behaviour.  
 
So how do these considerations correspond with the resistivity survey results?  
 
Survey in field A produced very few potentially archaeological anomalies and almost no 
correspondence with the air-photograph crop marks. Cultivation marks, however, show up clearly. 
 
Survey in field B showed the ring ditch and a small number of other anomalies, although much 
less clearly. Many of the features seen on the APs were not seen in the resistivity survey. 
Cultivation marks were, again, very clear. 
 
Survey in fields U and D again showed little to correspond to the AP evidence, although 
cultivation marks were clear (including curvilinear marks in field D, which might represent former 
furrow bases). 
 
The detailed surveys of the 2x5m sub-areas gave the following results: 
 
Area A1. The resistivity data show a very wide range of values. The pit crossed by the survey is 
clearly visible as an area of much lower resistivity at the stripped surface, where the finest fill is 
exposed, but at a depth of 20cm, although the contrast is still strong, there are other areas of 
equally low resistivity. The resistivity is much lower throughout the natural LFS at 40cm, and the 
contrast with the archaeological pit fill is too weak to be detected, but patches of much higher 
resistivity appear at 80cm, probably corresponding with better drained areas of gravel. 
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Area A2. The resistivity of the natural LFS increased gradually with depth, to reach high values at 
80cm below the stripped surface. The fills of the pit towards the eastern end of the 2x5m 
excavation trench remained as a low resistivity anomaly to below 40cm, in clear contrast to the 
LFS. 
 
Area B2.The fills of the ditch crossing the 2x5m survey area in B2 shows clearly against the much 
higher resistivity of the LFS to a depth of 60cm. The resistivity of the LFS is already high near the 
stripped surface and does not rise significantly at greater depth.  
 
Area F1. The fills of the ditch and the two pits within the survey area are clearly visible as areas of 
lower resistivity at the stripped surface and, less clearly, to a depth of 40cm. Unusually, however, 
the LFS at greater depth is of relatively low resistivity, which is entirely consistent with the nature 
of the deposit itself – well-sorted and relatively coarse close to the surface and much finer, less 
sorted and more water-retentive below 20cm.  
 
In areas A1 and A2 the LFS becomes gradually better sorted and contains less fine matter below 
about 20cm from the stripped surface – and the lower depth to which the UFS is mixed down into 
it. The changes in resistivity we see in these two areas, at increasing depth, corresponds closely 
with the texture and degree of sorting in the soil as we predict for our analysis of its structure 
discussed above. 
 
To sum up - the correspondence between our initial descriptive model of the possible strata 
resistance behaviour, and these survey results is good. If we look at the results from two 
contrasting areas – B2 and F1, where the LFS have quite different properties - we see that the 
expected behaviours of the strata correspond well with the resistivity values measured during the 
excavation, although we can draw only limited conclusions because of the very limited scope of 
this analysis. 
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3 Ground-penetrating radar 
 
 
The dielectric properties which determine the propagation of radio energy in soil are complex. The 
amplitude of reflected energy, which is what we seek to detect, is related to the contrast in the 
velocity of radio waves in the media who’s boundary creates the reflection. These are, in turn, 
related to the dielectric constants of these same media and thence, essentially, their electrostatic 
properties and wetness (Reynolds, 1997). Thus our observations on the electrical resistivity micro-
structure of the Catholme deposits is relevant to the distribution of dielectric properties as well. 
 
It is clear, from our analyses and field observations, that there is likely to be a strong contrast in 
these properties between the various deposits at Catholme. The variations in deposit moisture 
distribution, and their origins, are outlined in the description of soil resistivity behaviour above. A 
strong contrast in electrostatic behaviour is to be expected because of the very different 
components of the well-sorted LFS – insulating sand grains of relatively low surface area and 
surface charge, surrounded by pores – and the other materials which have much larger internal 
surface areas and probably much higher surface charges and higher conductivities.  
 
Moreover, changes in moisture distribution between the deposits, during the year, are likely to 
have a strong effect on the attenuation of the radio energy from the GPR and the amplitude of 
reflections. Thus, as with resistivity survey, the timing of GPR survey at Catholme is probably 
important. 
 
The main GPR survey in field A shows only a few reflections which may be associated with the 
archaeological remains.  That in Field B shows the main ring ditch and a variety of other, mostly 
cultivation, details. The GPR survey in field F has also located the ring ditch and a number of other 
possible anomalies. 
 
More detailed survey at the ground surface in areas A1, A2 and B2 show the same features in 
greater detail, but without strong contrast against the background noise, whereas the same survey 
areas, surveyed with the topsoil removed, show the contrast between the archaeological fills and 
the natural LFS deposits around them very clearly. Deeper time-slices derived from the same 
datasets, gathered from the LFS surface, show the archaeological fills much less clearly but do 
detect variations in the natural LFS deposits. 
 
What does this tell us about the dielectric behaviour of these deposits? The contrast between the 
limited GPR images obtained from the Ap surface and the much clearer images obtained below 
may have a number of origins.  
 

1 The contrast between the moisture and porosity in different parts of the Ap, and the 
complex reflections resulting from its inhomogeneity, may effectively mask what 
lies beneath. 

 
2 The Ap may strongly attenuate the radar signal, thus reducing the amplitude of 

reflections from strata beneath and making it harder to see them against the 
complex of reflections around. 

 
3 The dielectric boundaries between the Ap and the strata beneath may not be sharp, 

or strong enough to create very strong reflections, and those which do occur are 
made harder to see by attenuation and complex reflections in the Ap. 
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4 In the stripped areas the surface reflection from the archaeological fills may be very 
different from that from the LFS. This contrast may be particularly apparent in the 
stripped-surface surveys because the contrast here is not between two adjacent 
deposits but between two contrasting deposits and the air, which is a very different 
relationship. 

 
The detailed dielectric surveys, carried out with the hand-meter, show interesting contrasts 
between the areas of survey. 
 
In Area A1 the dielectric contrast between the feature fill and the surrounding LFS is weak at the 
stripped surface, increases at 20cm and disappears at 40cm. This corresponds approximately with 
the texture and moisture contrasts revealed in excavation although it differs from the result of the 
detailed GPR survey at the stripped surface. 
 
In Area A2 the two features show as areas of higher dielectric constant, in contrast to the natural 
LFS, on the stripped surface and at 20cm. This is consistent with the stripped-surface GPR survey. 
 
In Area B2 the ditch fill appears as an area of higher dielectric constant at depths of 20, 40 and 
60cm below the stripped surface, although it is masked by the uniformly higher dielectric constant 
of the natural LFS, mixed with UFS at the stripped surface itself. 
 
In Area F1 the ditch fill shows up as an area of higher dielectric constant at 20cm but neither above 
nor below. 
 
If we look at the pattern of dielectric behaviours in the natural deposits these radar-reflection 
patterns begin to appear consistent and explicable. In areas A1, A2 and B2 the dielectric constant 
of the natural LFS is relatively low and, if anything, decreases a little down the profile. This 
corresponds with the relative lack of moisture in the LFS and the slightly higher values near the 
stripped surface correspond with the residues of UFS and topsoil mixed into the LFS here. The 
much higher dielectric constant in the LFS in field F is the exception which proves – or at least 
confirms – the rule. Here the soil is better-drained in the coarse, well sorted LFS material up to 
20cm down from the stripped surface and much moister in the finer, less-well sorted LFS beneath. 
Thus the good contrast between the high dielectric constant in the ditch fill and drier, well-sorted 
LFS at 20cm is as we might expect, as is the lack of contrast at greater depth, where the two 
materials are both much moister and have larger internal mineral surface areas. 
 
We can conclude that our model of the dielectric behaviour of the materials at Catholme 
corresponds reasonably well with our observations and with our understanding of the factors by 
which it is determined.  
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Overview 
 
 
We have been able to suggest how the origins of the soils and deposits at Catholme have 
determined their physical – and thus geophysical - properties. This was one of our main purposes. 
 
We can now suggest how our geophysical approach has produced the results we have obtained and 
how different approaches might have produced different results. 
 
Moreover, since we have shown that our understanding of the relationship between deposit origins, 
properties and survey outcomes may be broadly correct, we could now test it on other sites, in 
different soils. 
 
Our results are, however, very limited because we have only sampled a small proportion of the 
soils and strata on this site, at a limited range of soil moisture conditions, in a single year. Our 
conclusions are therefore statistically weak and raise more questions than they answer. 
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Further Study 
 
 
There are three kinds of further work which can lead on directly from this study: 
 
1 What further work is needed and is justified to make the best use of our study at this site? 
 

It would be useful to further quantify the resistivity properties of the deposits by measuring 
the relationship of resistivity, soil moisture and matric suction in order to produce more 
robust models of the site at various states of wetness, representing how it changes through 
the course of a normal year. This can be achieved fairly quickly using readily available 
apparatus and established protocols.  
 
It would be useful to study the structure and properties of the plough-soil in more detail, 
since it clearly has a considerable influence on the degree to which the remains beneath can 
be detected. 
 
It would be useful to measure all the relevant magnetic, resistance and dielectric properties 
of the principal components separately and in mixtures, which represent the various 
deposits of the site, in order to determine more precisely how the variations in the deposits 
affect the bulk geophysical behaviour of the profile – and to suggest reasons why. 
 
We need to look at the relationship between the soil moisture state before each resistivity 
and dielectric/GPR survey in order to better understand how the soil moisture state 
determined the results obtained. Were the poor resistance contrasts, in particular, the result 
of a lack of contrast between fills and parent materials or because of masking by the 
plough-soil, or both? This might best be tackled by using MORECS soil moisture deficit 
model data from the Met Office. 
 
It would be useful to examine, through a simple set of physical tank experiments, how 
changing moisture in the deposits altered the dielectric constant and other key GPR 
variables of each and thus determined the strength of returned radar reflections. 
 

2 What further work does this project suggest is needed at other sites? 
 
This project has shown us that we can get a long way towards understanding, in part 
empirically, the relationship between the origins, geophysical properties and the outcomes 
of surveys over archaeological remains. This is a vitally important chain of inference, if we 
are to improve the ways we approach survey and interpret its results in future. But we have 
also learnt what further, basic information it would have been useful to gather on site and 
how to go about this quickly. It would be very useful to use the experience of this project to 
carry out a number of similar, but much smaller studies of soil geophysical behaviour at 
other sites, in contrasting soils and hydrological regimes. These would measure the 
distribution of properties, using small excavations, cores, quarry-faces and the trenches of 
commercial excavations in progress, and where possible repeat the exercise at a different 
time of year to observe the effects of wetter or drier conditions. This could then be 
followed by similar, simple laboratory analyses of samples to determine the geophysical 
effects of changing soil water state on the results. 
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3 What further, non-site specific work is needed to make the best use of these results? 
 

It would be possible, on the basis of these and future results, to create a suite of simplified 
mathematical models of sites in different kinds of soil and soil water regime. The tools to 
do this already exist and the outcome would be a better basis for the interpretation, in 
particular, of sectional data gathered by electrical resistance tomography and GPR. Such 
modelling would also act as a focus for a new emphasis on data gathering and 
experimentation, during routine field studies, in order that archaeological geophysicists 
should use every opportunity to advance the state of the subject, during routine fieldwork, 
rather than relying on the exiting state of knowledge as a present. 
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Appendix 1  Magnetic susceptibility sensing apparatus 
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The upper plot shows the magnetic susceptibility of a 1mm ferrite fragment measured using the 
Bartington MS2 meter and F coil. The lines show the reading (x10-6 SI) obtained with the sensor at 
0.2 to 2.5cm above the ball as this is moved across beneath it. The lower plot shows the same 
measurement made with the ferrite bead mounted on the F coil face. The key difference is that, 
while the absolute measurement is reduced, the proportion of the measurement obtained from a 
depth of 0.5 and 0.75 cm is significantly increased. 
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Appendix 2  An alternative to Archie’s Law for soils 
 
 
“1/Rs = 1/Fma.Rma + 1/Fmi.Rmi and Fi = Ai/(ViˆMi.SiˆNi) 
 
with Rs : the soil resistivity. Fma and Fmi : the so called "formation factor" for macro and micro 
voids, respectively. Rma and Rmi : the resistivity of the water contained in macro and micro voids, 
respectively. Vi : the volume of macro and micro voids, respectively. Si : the saturation of macro 
and micro voids, respectively. Ai, Mi and Ni: adjustment coefficients. The variations of Rmi are 
calculated, assuming that Rma is a constant.” 
 
Robain et al. 2003 
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Appendix 3  Sample Locations 
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Appendix 4  Soil Thin Section descriptions 
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Appendix 5  Soil sample descriptions 
 


