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Abstract 

Geophysical surveys in the Republic of Ireland and elsewhere rarely have 

the opportunity to receive direct, meaningful and quantitative feedback from 

ground observed excavations, despite their frequent occurrence as a 

subsequent phase of development-led archaeological projects. This research 

critically reappraises the largest and most coherent geophysical archive 

maintained by a single end-user over a ten year period. The geophysical 

archive has been collated from 170 reports on linear road schemes as a 

result of commercially-driven assessments in Ireland, to facilitate the biggest 

analysis of geophysical survey legacy data and subsequent detailed 

excavations.  
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The analysis of the legacy data archive has reviewed and tested the 

influence of key variables that have, in some circumstances, affected the 

methods and outcomes of geophysical assessments in Ireland over the last 

10 years. By understanding the impact of those key variables upon the 

legacy data - which include archaeological feature type, geology, sampling 

strategy and seasonality - appropriate and new ways to research linear 

corridors have been suggested that should be employed in future 

geophysical survey assessments for a range of environments and 

archaeological site types. The comprehensive analysis of geophysical 

surveys from the legacy data archive has created definitive statements 

regarding the validity of geophysical techniques in Ireland. Key failures that 

occurred in the past have been identified and a thorough investigation of new 

and novel techniques or methods of survey will facilitate a more robust 

approach to geophysical survey strategies in the future. The outcomes of this 

research are likely to have ramifications beyond the Irish road corridors from 

which the legacy data derives. 
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Chapter 1. Introduction to the research 

1.1.  Introduction 

Geophysical surveys help determine the presence or absence of 

archaeological features via non-invasive methods by mapping anomalous 

contrasts against the background soils. A successful geophysical survey can 

often depend upon a number of key variables, including (but not limited to): 

technique selection, soil type, monument type, sampling strategy and spatial 

resolution. This research utilises the largest and most coherent geophysical 

archive maintained by a single end-user, to facilitate the biggest analysis of 

geophysical survey data. The dataset, owned by the Irish National Roads 

Authority (NRA), have been collated from 170 reports as a result of 

commercial geophysical survey assessments in the Republic of Ireland. 

The majority of geophysical assessments in the British Isles (both the 

Republic of Ireland and the UK) occur in the commercial sector (DAHG 2008, 

David et al. 2008, Gaffney and Gater 2003a: 20-23) which have contributed 

to a considerable body of grey literature reports. The grey literature contains 

invaluable insights into the application of geophysical surveys which could be 

used as case studies to investigate the influence of the key variables; 

however these reports tend to remain isolated, lacking synthesis, largely 

unpublished and mostly inaccessible as a resource.  
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Objective 4 Carry out monthly reproducible time-lapse surveys to 

investigate the temporal effects of soil moisture on earth 

resistance data. 

Objective 5 Establish a reproducible method of data collection to 

investigate the majority of archaeological features at a given 

area. 

1.4.  Using legacy data as a means of research 

The majority of archaeological geophysical assessments in the British Isles 

are carried out by companies or consultants working in the commercial rather 

than the academic sector. Historically, commercially-funded surveys have 

been used to evaluate the presence or absence of archaeological features in 

advance of development or construction activities (Dawson and Gaffney 

1995). These surveys are usually carried out over a short period of time, 

have limited research aims and objectives (beyond a general prospection 

strategy) and mostly result in a body of grey literature that are rarely 

published or publicised. Despite this, commercial geophysical surveys offer 

many benefits to the archaeological prospection community. As a resource, 

they have in the past offered the chance to assess the use and usefulness of 

different geophysical techniques and methods across often large landscapes 

that can encounter a wide range of archaeological monuments, soil types 

and landscapes (Hey and Lacey 2001, Jordan 2009, Knight et al. 2007).  
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The interpretation of geophysical data can ultimately only be tested against 

an intrusive ground-observed excavation. In the commercial arena, 

geophysical surveys are often followed by subsequent phases of 

archaeological investigation that may involve intrusive excavations at 

threatened areas in advance of development or construction activities. A 

significant benefit of the commercial evaluation work is that these 

subsequent investigations can assess the accuracy and relevance of earlier 

geophysical surveys and interpretation. This is a benefit that is not widely 

enjoyed (and certainly not on the same scale) by academic geophysical 

surveys that may rely on limited ground-observed information, if at all.  

The importance of appropriate feedback from these subsequent excavations 

cannot be understated for geophysical surveys. Ground-observation offers 

the opportunity to examine how key variables influence geophysical survey 

data (and their subsequent interpretation) and to what extent, as well as how 

surveys can be integrated with archaeological data and improved, if at all, in 

the future (Boucher 1996). In the Republic of Ireland, the significant amount 

of commercial geophysical surveys that occurred over linear corridors in 

advance of proposed road schemes traversed a large swathe of variable 

landscapes. 
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The impact of the key variables will be tested in a number of ways. The 

legacy data will be reviewed to identify problems or issues commonly 

reported by geophysicists and excavators and analysed to provide a 

statistical assessment of survey success compared to ground-observations 

which will help to determine the influence of geology and soil types on 

geophysical data.   

Experimental data from new geophysical surveys has also been collected. 

These have taken the form of:  

 monthly reproducible studies to investigate the variability of data due to 

temporal considerations 

 resurveys of archaeological site-types or landscapes that have 

demonstrated methodological problems or weaknesses, and  

 new or novel survey methods upon sites and landscapes that cannot be 

easily assessed via standard prospection methods.  

  



9 
 
 

1.6.  Research significance 

Reappraising commercial geophysical data has major ramifications in Ireland 

and internationally, by challenging the agenda under which such work is 

completed. The aim of each geophysical survey is to identify - or enhance 

the existing knowledge of - archaeological deposits as part of a larger 

strategy of mitigation and to avoid the subsequent (development led) 

destruction of archaeology where possible (Campana and Dabas 2011, 

Dawson and Gaffney 1995, O'Sullivan 2003). The methods used to achieve 

that aim on Irish corridor assessments vary considerably and do not always 

correspond with accepted best practice.  

Academically the analysis of this body of evidence will be of great 

international interest. Reviews of legacy data have been limited: previous 

reviews in the British Isles examined sites that encountered a variety of 

geologies and monument types but were limited in geographical scope; Hey 

and Lacey (2001) examined 12 sites in detail in southeast England whilst 

Jordan (2009) looked at 35 sites in northwest England (with 8 published case 

histories). Gaffney (1997) reviewed geophysical data from 159 sites across 

England but specifically examined the effect of geology on magnetometer 

surveys in Humberside. The largest review of geophysical surveys cursorily 

examined data collated from 1,090 projects on sands and gravels in the East 

Midlands (Knight et al. 2007). There have, until now, been no national 

studies incorporating large datasets from variable landscapes and geologies.    
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By assessing legacy data in an academic research framework the 

significance of geophysical surveys and its cost-effectiveness can be 

measured. This will inform strategic decisions regarding the use of 

geophysical techniques in the future and indicate the value of the work 

undertaken.  

1.7.  Nomenclature and terms of reference 

1.7.1. Political geography 

The Republic of Ireland is divided into of four provinces (Leinster, Munster, 

Connacht and parts of Ulster) and 26 counties. The country is comprised of 

more than 60,000 townlands, small geographical divisions which vary in size 

from less than a hectare to more than 28 sq km (Garnham 1998: 577). 

Townland names are used frequently in archaeological assessments of road 

schemes as a means of identifying unique archaeological sites e.g. 

Curraheen 5, County Cork, was the fifth archaeological site excavated on a 

road scheme in the County Cork townland of Curraheen.    
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Soils heated above their Curie temperature (commonly 575° for most soils) 

attain - upon cooling - a thermoremanent magnetism (e.g. kilns, industrial 

deposits, fired bricks) that contrasts strongly against the background soil 

magnetism; these contrasts can be measured by a magnetometer. The 

magnetometer can also map further anthropogenic deposits by measuring 

weaker magnetic contrasts due to induced magnetization; these can include 

heated or burnt soils (e.g. fires, hearths) due to the Le Borgne effect  (Scollar 

et al. 1990); areas of human occupation as denoted by organic waste (e.g. 

waste disposal, middens) due to microbial driven magnetic enhancement 

(Linford 2004); timber structures (e.g. decayed wooden posts, timber slots) 

due to magnetotactic bacteria (Fassbinder and Stanjek 1993, Fassbinder et 

al. 1990); and imported anthropogenic magnetic material (e.g. pottery, brick, 

tile, slag etc. and modern magnetic materials), which has its own magnetic 

response (Weston 2002). 

The depth of investigation is dependent on the magnitude of a given anomaly 

which is determined by target depth, size, shape and magnetic susceptibility 

(MS). A target with a very high MS can be identified at great depth easier 

than a shallow low MS target, although, the magnitude of each anomaly may 

be similar (Aspinall et al. 2008: 62-64). The depth of detection varies 

between instrument types; caesium-vapour instruments can detect 

anomalies at a greater depth than fluxgate instruments (Bevan 1995, Linford 

et al. 2007).  
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MS relies on the fact that anthropogenically altered soils will have an 

enhanced MS compared to the background due to the alteration of naturally 

occurring iron minerals (Clark 1996, Dearing 1999, Fassbinder and Stanjek 

1993). Thermally altered soils (e.g. industrial complexes) will contrast 

strongly with the background response; other anthropogenic soils (e.g. 

occupation activity, farming) will be moderately enhanced (Weston 2002). 

The success of topsoil MS is strongly dependent on a suitably neutral 

background soil - MS responses can be influenced by geology, the 

environment, modern (and ancient) fertilisation of the soil and the thickness 

of vegetation between the MS probe and the soil (Clark 1996, Dearing 1999, 

Weston 2004). The penetration depth of an electromagnetic field coil is 

proportional to the coil diameter; commonly used instruments have a depth 

of investigation of approximately 0.2m.  

2.1.2 Background theory of infrequently used techniques 

Electromagnetics 

Electromagnetic (EM) surveys have been in use since the late 1960s, but are 

rarely used within the British Isles. EM surveys, as described by Scollar 

(1962) and others (Benech and Marmet 1999, Simpson et al. 2010, Tabbagh 

1984;  1986a;  1986b, Tite and Mullins 1969) can be used to map contrasts 

of apparent magnetic susceptibility (MSa) and apparent electrical conductivity 

(ECa).  
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ERT use has historically been limited due to slow survey speeds (Noel 1992) 

however it has been demonstrated by Fry et al. (2011a) that modern multi-

channel instruments allow for the fast and simultaneous acquisition of data 

from multiple earth resistance arrays, facilitating a rapid analysis of a wide 

range of data.  

Induced Polarisation 

Induced Polarisation (IP) exploits the polarisable properties of some 

archaeological materials, some of which - such as wood (Schleifer et al. 

2002) and slag (Meyer et al. 2007) - are difficult to distinguish using other 

techniques. The method (Aspinall and Lynam 1968;  1970) relies on an 

electrochemical phenomenon caused by metal-solution interfaces and by 

electro-osmotic, thermal electric and ion diffusion effects associated with the 

coupling of different flows (Madden and Marshall 1959). These can be 

measured by examining the phase shift between the current and the 

measured voltage, by passing a known current through the soil, switching off 

the current and measuring the decay curve of the voltage in the soil. 

IP data can be collected in the frequency-domain using spectral induced 

polarisation (SIP) which is capable of identifying wooden planks in a 

waterlogged environment (Schleifer et al. 2002). However SIP instruments 

are not widely available whereas time-domain IP measurements can be 

commonly collected by most resistivity instruments.  

Modern multi-channel instruments are capable of simultaneously acquiring 

time-domain IP and ERI data from a variety of probe arrays (ZZGeo 2009).  
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There was an increase in the number of excavations on the island of Ireland 

from 1970s and 1980s (Delaney et al. 2011), due to the rise of commercial 

archaeology as a driver for scientific research and the developing application 

of geophysical surveys. The 1981-1982 Cork-Dublin gas pipeline (Cleary et 

al. 1987), was the largest archaeological project at the time. Magnetometer 

and earth resistance surveys were used at selected areas beyond the 

pipeline corridor rather than for the prospection of unrecorded sites. On that 

project, at Ballyveelish, earth resistance and magnetometry identified the 

outline of a (subsequently excavated) Early Bronze Age ring-ditch (the first 

use of geophysics on an infrastructure project). Importantly at Ballyveelish, 

archaeologists were alerted to the possibilities of finding ancient settlements 

beyond the limits of conventionally recognised monuments thanks to the 

geophysical survey. Further success was had at Drumlummin were 

magnetometry identified an unexcavated section of a castle ditch.  

Despite these successes, geophysical surveys were not used on the three 

subsequent gas pipeline schemes in 1986 across Munster that encountered 

102 archaeological sites (Gowen 1988). Geophysical assessments could 

have played an important role on those schemes; the only non-invasive work 

(beyond desktop assessments and walkover surveys) was aerial 

photography, which recorded a disappointingly low visibility of many sites 

that were subsequently found through excavation, including substantial 

enclosures, kilns and burnt mounds of stone.  
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Technique Instrument Resolution Stated Speed 
Estimated 

Daily 
Coverage 

Magnetometer 

Foerster MULTICAT 0.5m / 0.25m x 0.1m 
3-4 ha per day 

Campana 2009a 3-4 ha 

Terranova AMP© 0.5m x 0.5m Up to 20 ha each day 
Campana and Dabas 2011 20 ha 

Foerster FEREX 0.5m x 0.1m 
221 ha in 6 weeks 
Gaffney et al. 2012 7 ha 

Earth 
Resistance Terranova ARP© 0.5m x 0.08m Up to 4 ha each day 

Campana and Dabas 2011 4 ha 

Electromagnetic DUALEM-21S 1.75m x 0.25m 0.75 ha per hour  
De Smedt et al. 2013a 

6 ha 

GPR 
Stream X 0.12m x 0.06m 

1 ha in (potentially) 75 
minutes 

Novo et al. 2012 
6 ha 

MALÅ MIRA 0.08m x 0.08m 1.5 ha per day 
Trinks et al. 2010 1.5 ha 

Table 2. Summary of data-acquisition speeds for some vehicle-propelled 
geophysical instruments.  

These claims should be treated as indicative survey speeds and do not take in to 
account local field conditions that will vary from site to site. Survey speed is not an 
indicator of data quality.  
 

The Foerster MULTICAT system (Campana 2009a;  2009b) utilises 4-8 

FEREX magnetometer probes and is capable of collecting 3-4 hectares of 

data per day. A fibreglass wheeled drum protects the probes and offers ease 

of movement over uneven terrain and scrub that typically returns poor 

handheld pedestrian-acquired data due to excessive probe movement.  

The development of articulated wheeled earth resistance arrays has been 

popular in recent years principally due to increases in survey speed and 

sample resolution. The ATV-powered ARP© instrument (Dabas 2009) is 

capable of rapidly assessing large areas, however the array itself is 

comprised of large wheels that could potentially damage sub-surface soils 

and requires a weight upon the wheeled probes to obtain good contact with 

the ground.   
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Figure 3. Thurnham Roman villa.  

Archaeological features superimposed over a false colour image illustrating spatial 
analysis of the geophysical survey interpretation. From Linford and David (2001). 
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Table 3. Results of analysis of geophysical survey.  

From Linford and David (2001). 

 

The research of Hey and Lacey gives an insight into the detection of (limited) 

British archaeological deposits and how that could be extrapolated to Ireland 

The research found a high degree of visibility for Iron Age, Roman and 

Medieval sites as opposed to Neolithic/Bronze Age and Early Medieval sites.  
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Figure 4. Extract from Knight et al. (2007).  

The researchers used the Soil Survey Handbook chart to estimate percentages of 
pixel types in greyscale geophysical plots. 

 

The research also created a database based upon the English Heritage and 

ADS databases (Heritage 2012, Schmidt  2002), and added additional details 

for depth of cultivation, height of vegetation, surface/sub-surface 

contamination and others. Despite this, the report itself is little more than a 

catalogue of graphs for the type and frequency of surveys carried out, with 

very little insight in to the effectiveness of geophysical surveys themselves. 
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Figure 6. Schematic map of climatic regimes in the British Isles.  

After Avery (1990: Fig. 1.12).  
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No temporal studies have occurred in Ireland for the assessment of 

archaeological deposits. However time-lapse studies for quaternary, bedrock 

and landfill contamination investigations (Gibson 2003;  2005, Pellicer et al. 

2012) contain useful insights for the study of shallow soils. 

Pellicer et al. (2012) used ERT to collect monthly time-lapse resistivity data 

from January 2006 to January 2007 on quaternary sediments in the Irish 

Midlands, supported by earlier ERT, GPR and geotechnical data (Pellicer 

and Gibson 2011). The research collected data using a Wenner-

Schlumberger array (Campus Geopulse, 25 electrodes). The survey was 

limited to observing seasonal resistivity variations for four ERT profiles over 

varying glacial and post-glacial deposits, using electrode spacings of 2m and 

5m with a penetration depth of up to 9m and 24m, respectively. The study 

obtained daily mean air temperature, mean soil temperature, rainfall and 

potential evapotranspiration data for each day of survey from a weather 

station located 30km away. The main influences on seasonal variations were 

found to be the effective groundwater recharge (the amount of precipitation 

that reaches the water table), temperature, depth of investigation, sediment 

texture and subsurface internal architecture.  
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Resolving resistivity and weather history data  

There have been a number of methods used to calculate the influence of 

weather history on apparent resistivity response. Parkyn (2012) extensively 

reviewed these methods following an earlier critique by Cott (1997) of 

previous surveys that assessed temporal data by correlating moisture 

content with earth resistance. Cott used MORECS (Metrological Office 

Rainfall and Evaporation Calculation Service) data to establish rates of 

evapotranspiration. MORECS data calculates averages from weather 

stations in a 40 km2 block that covers Great Britain. Cott found that the 

MORECS data varied significantly and it is clearly not suitable for the current 

research as coverage does not extend to Ireland.  

Parkyn used locally obtained climate data to analyze net moisture change 

(precipitation and evapotranspiration rates) and monthly apparent resistivity 

values. Evapotranspiration was calculated from an online source (Hess 

2010) developed by Cranfield University. Met Éireann (2013a) also calculate 

the potential evapotranspiration (ET0), according to the Penman-Monteith 

Equation (Allen et al. 1998) for a reference grass crop at an assumed height 

of 0.12m, which would be suitable for Irish studies. The use of the Penman-

Monteith Equation to determine evapotranspiration would also make any 

Irish temporal studies comparable with those from the most recent study by 

Parkyn, in Bradford, UK.  
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Key observations made by Bonsall et al. (2014a) on bedrock geology in 

Ireland: 

 Chalk deposits are limited to the NE coast of N. Ireland and very small 

isolated pockets at Ballydeenlea, Farranfore, Co. Kerry. 

 Metamorphic rocks are found in isolated regions in the SE of Ireland 

(Counties Wexford, Waterford and Wicklow), Co. Donegal, NW Co. Mayo 

and NW Co. Galway.  

 Igneous rocks are commonly encountered near areas of metamorphic 

rocks, principally in N. Ireland (which contains the most frequent igneous 

deposits), the SE of Ireland (Counties Wicklow, Wexford, Carlow), SW 

Co. Galway, central Co. Mayo and NW Co. Donegal.  

 Intrusions of igneous dykes are common in sedimentary geology and are 

often found in Counties Louth and Monaghan.   

 The Munsterian glaciation deposited erratic igneous rocks across Ireland, 

which could potentially appear anywhere in the country.  

Distribution of topography 

The topography is determined by bedrock and surface soils which were 

particularly shaped by glacial action. Gardiner and Radford (1980) describe 

five major physiographic divisions for Ireland that are described below; these 

have influenced the development of soil properties that affect the outcome of 

geophysical surveys.  
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Figure 8. Geology of the 
British Isles.  

After BGS (BGS 2013).  

Contains British 
Geological Survey 

materials © NERC 2013. 
The key differences 

between UK and Irish 
geologies can be seen in 
the lower image, where 
only geologies found in 
the Republic of Ireland 

(not Northern Ireland) are 
shown for Britain.   
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 Ireland has the third highest peat coverage (16.5%) in Europe after 

Finland and Estonia (Montanarella et al. 2006). Peat is much more 

frequent in Ireland than the 3% found in England/Wales or the 10% in 

Scotland (Avery 1990: 400).  

 Peat is a valuable archaeological resource - many known sites dated to 

the Neolithic and later periods are buried beneath or within peat (Avery 

1990: 401, Raftery 1996, Verrill and Tipping 2010, Warren 2008, Warren 

et al. 2009).  

 820,80 ha of industrial mires occur in Ireland, at an unrecorded depth. 

Non-industrial Irish mires include: 

o 263,840 ha of raised bogs with an average depth of 2.5-7.0m 

o 101,810 ha of fens averaging at 1.2m depth  

o 896,540 ha of blanket bog with an average depth of 1.2-3.0m. 

Known influence of geology on geophysical surveys 

A review by David et al. (2008) of the magnetometry response to geology for 

common English soils (Table 6) is mostly relevant to Irish soils, although 

some (e.g. Devonian grits, Cretaceous Chalk, etc.) may not be applicable. Of 

specific interest are the comments on the sedimentary rocks (which 

dominate Ireland) and their general suitability for magnetometry depending 

on the overlying drift/surface soils.  
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Geology  Response to magnetometer survey  
Igneous  Thermoremanent effects can preclude survey over some igneous rock 

types (e.g. basalts); however, others (e.g. Cornish granites) seem to be 
relatively unaffected.  

Metamorphic  Experience so far suggests that thermoremanence is not usually a 
significant problem and magnetometer survey can be effective (e.g. 
over gneiss and slates); but beware of adjacent intrusions.  

Sedimentary:  Magnetometer survey can be recommended over any sedimentary 
geology. There are few significant distorting factors (but see below 
under drift) although a wide range of magnetic susceptibility in the 
parent rock results in a very variable background response to survey.  

 conglomerates/ 
grits/pebble beds  

Response is average to poor (e.g. over Millstone Grit), but good in 
places, e.g. Devonian grits.  

 sandstones  Average response is poor, e.g. over some Old Red Sandstone and 
Mercian Mudstone; generally good over the Greensand, New Red 
Sandstone and some Tertiary formations.  

 limestones  Response is good, especially over Cretaceous Chalk, Jurassic and 
Magnesian limestones; less so over Carboniferous limestones.  

 mudstones/clays  Average response (London and Oxford Clays) is ?poor (e.g. Mercian 
Mudstone); but results can be very variable.  

   
Drift: Quaternary deposits overlying the solid geology are a primary 

consideration. They often show a high degree of local variation and the 
magnetic response is usually dependent on the magnetic mineralogy of 
the parent solid geology.  

 sands/gravels  Response is very variable; good on materials derived from Jurassic 
limestones and in parts of East Anglia; moderate to good in south-
central England and in the west Midlands (Severn Valley).  

 coversands  Response is uncertain to ?poor.  
 boulder clay  Response is generally poor (e.g. in parts of East Anglia and northern 

England).  
 clay-with-flints  Response is good.  
 brickearth  Response is average to ?poor; better in SW England.  
 alluvium/colluviums  Response is average to poor, depending for instance on depth of burial 

of features below this material.  

Table 6. Geology and the response to magnetometer survey from David et al. 
(2008). 

 

Magnetometer surveys responded less successfully to Carboniferous 

limestones (the only substantial limestone deposits in Ireland) compared to 

the Cretaceous, Jurassic and Magnesian limestones (David et al. 2008). 

Ground-observed geophysical surveys in the Trent Valley, UK (Knight et al. 

2007) also found that magnetometry on Carboniferous limestone soils were 

approximately 70% less successful than those on chalk.  
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Key observations made by Bonsall et al. (2014a) on the known influences of 

geology upon geophysical surveys: 

 Geology is a major consideration for geophysical surveys and commonly 

determines which technique(s) should (or should not) be used.  

 If geological conditions are favourable a 1m x 0.25m magnetometer 

survey normally provides the most cost-effective method of evaluation. 

Key observations made by Bonsall et al. (2014a) on the known influences of 

sedimentary geology: 

 Chalk gives some of the best responses for magnetometry - alternative 

strategies are clearly required for the assessment of the non-chalk soils 

that prevail in Ireland.  

 Carboniferous limestone may be expected to have a less successful 

response for magnetometry (compared to other limestone soils in the 

UK), due to a low magnetic susceptibility contrast between earth-cut 

archaeological features and the background soils.  

 Magnetometry responds poorly to sandstone and mudstone (David et al. 

2008). 

 The anomalies of some archaeological features are not unique: naturally 

occurring circular and ovoid structures commonly found in sedimentary 

rocks (e.g. dolines) can mimic the appearance of circular shaped low-

contrast ring-ditch features in magnetometer data.   
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o No studies to date have attempted to assess the varying parent 

materials or the archaeological features encountered which are 

likely to strongly influence these different outcomes on tills.   

Key observations made by Bonsall et al. (2014a) on the known influences of 

soils: 

 Podzols (the most common soil type in Ireland) are depleted of nutrients 

through leaching - high levels of precipitation are responsible for high 

rates of podzolisation in Ireland (compared to England). 

o A correspondingly lower iron mineral content contributes to low 

magnetic contrasts between archaeological features and host 

soils.  

o Podzolisation is further influenced by the formation of concentrated 

layers of iron pan that can lead to widespread increases in MS  

�ƒ These influence anomalies in magnetometer data that may 

mimic or obscure archaeological deposits. 

 Brown soils (or brown earths) are relatively mature and well-drained, with 

little leaching or degradation and no obvious signs of removal or 

deposition of iron oxides, humus or clay.  

o These are particularly suited to the use of magnetometry and 

suitable increases in MS may be expected for anthropogenically 

altered soils.  

o With the exception of lithosols, brown soils are the least common 

soil type in Ireland. 
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 Weston (2004) found that water-logging impeded and/or prevented MS 

enhancement for floodplains and alluviated soils: 

o soils that are heated rather than burnt in waterlogged 

environments can suppress the MS of a soil  

o heating need not always lead to enhancement, or as much 

enhancement as one might expect.  

 Extensive deposits of gleyed (hydromorphic) soils in Ireland, formed from 

water-logging, will reduce the successful identification of archaeological 

deposits via magnetometry and MS.   

Ring-ditch monuments can be particulalry suceptible to the effects of 

waterlogging and the impedance / prevention of MS enhancement. Many 

ringforts are cut into heavy boulder clay (tills) and exposed to a generally wet 

climate (Doggart 1983). This would lead to waterlogged ditches in the 

absence of adequate drainage, the promotion of peat and the eventual 

depletion of iron-oxides, leading to low- or non-contrasting magnetometer 

anomalies for enclosures and ring-ditches. 

Burnt mounds of stone that occur on or near floodplains might be missed by 

magnetometry due to the impedance and/or prevention of MS enhancement. 

Despite the name, these features are often the product of heating rather than 

burning (Buckley 1990).  
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There are also promising MSa results comparable to magnetometer data (De 

Smedt et al. 2011) and ECa responses that correlate well with excavation 

data (Saey et al. 2012). The DUALEM-21S has been able to identify large 

features (e.g. a 12m wide moat) and ditched enclosures from reclaimed 

medieval landscapes as well as discrete responses for rubble and >1m2 brick 

block foundations (De Smedt et al. 2013b), however there is no conclusive 

evidence that the system can identify small or discrete pre-medieval 

occupational features such as hearths or pits at great depth, which is 

relevant to a variety of surface geologies including peat and alluvial soils, an 

issue that still needs to be investigated. 

Conclusions on geology 

Magnetometer surveys rely on the presence of iron oxides in the topsoil 

which are dictated by the geology for a given survey area and may change 

through time via weathering and other natural processes. Providing that the 

soils and geology are iron-rich, archaeological features have great potential 

to become magnetically enhanced which can facilitate the successful use of 

magnetometry. Ireland contains a substantial amount of bedrock geology, 

surface geology and soils that offer low magnetic contrasts (and occasionally 

no contrast) due to often iron-poor parent materials, heavy precipitation (and 

poor drainage) and acidic soils.    
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Areas of burning 

Areas of burning can potentially be identified by magnetometry (Linford and 

Canti 2001) due to thermoremanence however, as discussed above (see 

Section 2.4.2), Weston (2004) demonstrated reduced or impeded MS in 

waterlogged environments. Burnt mounds of stone (Slater et al. 1996) and 

burnt spreads should also attain thermoremanence and hence detection 

through magnetometry (although some burnt mounds are heated rather than 

burnt). Burnt mounds of stone can also be identified via earth resistance 

survey. Bonsall et al. (2014b) pointed out that the vast majority of site type 

frequency (73%) reviewed by McCarthy (2010) included thermoremanent 

features i.e. burnt mounds of stone and burnt spreads (35% of all excavated 

site types), industrial features (including metal-working sites, kilns and 

charcoal-production pits) and hearths. 

Cremation burials contain burnt (thermoremanent) deposits (potentially within 

a fired urn, which itself may exhibit a slight magnetic contrast). These 

essentially are pits; however they are small-scale features of 0.2-0.5m 

diameter and <0.3m depth (Lynch and O'Donnell 2007) that require a high 

spatial resolution, no matter which technique is used.  

Thermoremanent anomalies can potentially be mapped easily however they 

cannot be dated and no distinction may be made between archaeological 

fires, modern bonfires or isolated igneous rocks. Igneous bedrock, as 

discussed above (see Section 2.4.2), may exhibit stronger thermoremanence 

than anthropogenic burnt soils.  
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Structures 

Structures in Ireland are commonly constructed from turf, timber or stone. 

Turf structures in Ireland do not typically contrast with the host soils from 

which they are excavated. Timber structures (as discussed in Section 2.1.1, 

above), have been shown to exhibit some magnetic contrasts due to 

magnetotactic bacteria (Fassbinder and Stanjek 1993, Fassbinder et al. 

1990), although these may only be slight. Turf, timber and stone structures 

could incorporate imported surface/flooring materials that may contrast with 

the background. Thermoremanent anomalies (representing a hearth) can be 

expected from a magnetometer survey of a habitation-structure. 

Stone or masonry structures, including cashels, castles, tower houses, 

ecclesiastical buildings, souterrains and field walls can produce either a 

negative magnetic anomaly or no anomaly at all, depending on the stone 

used; alternatively robber trenches may account for a positive magnetic 

response (Brady and Gibson 2005, Gibson and George 2006, O'Rourke and 

Gibson 2009). In some circumstances, structures built from igneous rocks 

have been identified against a low contrast background soil (Bonsall and 

Gimson 2003a). The most suitable method for identifying stone remains is 

earth resistance survey, however magnetometry will also often be used at 

these sites to identify other forms of settlement activity; EM surveys might be 

applicable as well. Souterrains are deep features which can be identified in 

earth resistance data but may also benefit from GPR or ERI surveys to 

establish depth and to gather accurate cross-sectional information.   
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Conclusions on archaeological monuments 

Most archaeological site types in Ireland have been investigated using 

geophysical methods which, if applied appropriately yield useful results. 

Magnetometry appears to be particularly well suited given the frequency of 

archaeological features that exhibit thermoremanent properties (see Section 

2.4.3, above). 

However, there are some site types that require investigations that may or 

not include the use of magnetometry, particularly the challenging small-scale, 

narrow or low-contrast features as well as those located on igneous rocks or 

in alluvial and waterlogged sediments. There is a great deal of potential for 

assessing the benefits offered by high resolution geophysical surveys. 

Reviewing the earlier discussion of geology and its influence (see Section 

2.4.2, above), it is clear that some site types, particularly earth-cut ditched 

enclosures, may not be easily identified by magnetometry on some bedrocks 

or surface soils which may lead to greater potential for earth resistance or 

EM surveys. 
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Survey Area Road Scheme Consultant Report Reference 
Ballybrowney Lower M8 Fermoy-

Watergrasshill 
Substrata Dean, R., Year Unknown. 

Ballybrowney Lower, N8 
Rathcormac - Fermoy Bypass, 
Co. Cork. Substrata 
Archaeological Geophysics. 

Mitchelstown Relief 
Road 

N8 Mitchelstown 
Relief Road 

Margaret Gowen 
& Company 

Unknown. 

Castlecranna N7 
Nenagh/Limerick 

Landscape & 
Geophysical 
Services 

Unknown. 

River Shannon, 
Northern Shore 

N7 Limerick Tunnel Landscape & 
Geophysical 
Services 

Carter, S. and Barton, K., 2005. 
Limerick Southern Ring Road 
Phase II, Archaeological Testing 
of the Estuarine Alluvium: 
Archaeological Geophysical 
Survey. Landscape and 
Geophysical Services.  

Navan Inner Relief 
Road Phase 2B 

N51 Navan Inner 
Relief Road 

Target 
Archaeological 
Geophysics 

Nicholls, J., 2006. Geophysical 
Survey Report: Navan Inner 
Relief Road Phase 2B, Contract 2. 
Target Archaeological 
Geophysics. Report No. 06/002. 
2006. 

Scanning Various 
Sites 

N25 Waterford City 
By-Pass 

Whiteford 
Geoservices 
Limited 

Unknown. 

Rochfort Desmesne, 
at RMP WM026-025 

N52 Mullingar / 
Belvedere 

Margaret Gowen 
& Company 

Unknown. 

Clonfad, Garrane & 
Killavally 

N6 Kinnegad / 
Kilbeggan 

Irish Geophysical 
& Archaeological 
Surveys 

Elliot, I., 2004. Geophysical 
Survey in Advance of N6 
Kinnegad to Kilbeggan Dual 
Carriageway. Irish Geophysical & 
Archaeological Surveys. October 
2004. 

Site AE23: 
Killickaweeny 

M4 Kinnegad-
Enfield Bypass 

GeoArc McCarthy, M., 2002. Site AE23: 
Killickaweeny, M4 Kinnegad-
Enfield-Kilcock Motorway 
Scheme, Contract 3. GeoArc. 
2002. 

Boycetown M4 Kinnegad-
Enfield Bypass 

Unknown Unknown. 

Table 8. Geophysical survey reports unavailable for review. 
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The total area surveyed was 1,803.8 ha and averaged at 180.4 ha per year. 

This averages at 24.7 ha per road scheme and 10.2 ha per Survey Event. 

The average number of annual Survey Events was 17.2 per year. The 

annual area covered by geophysical surveys also varies (Figure 10); a peak 

in 2005 can be attributed to large number of surveys on various road 

schemes; another peak in 2010 can be attributed to 193 ha of survey on the 

M20 Cork-Limerick scheme (Harrison 2012).  

 

 

Figure 9. Frequency of annual Survey Events 
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Figure 10. Annual Survey Coverage 

 

The most frequently surveyed county (Table 10, below) was Co. Meath 

(20.06% of Survey Events) and the least surveyed were Co. Longford (no 

surveys), followed by Co. Mayo and Co. Leitrim (0.28% of Survey Events 

each). Survey coverage by area was also highest in Co. Meath (21.63% of 

total ha coverage) and least in Co. Longford (no surveys) and Co. Sligo 

(0.06% of total ha coverage).  
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County No. of Survey 
Events 

No. of Ha 
Surveyed 

% Survey 
Events % Hectares 

Carlow 6.5 81.16 3.67 3.91 

Cavan 1 2 0.56 0.1 

Clare 2.5 13.295 1.41 0.64 

Cork 14.5 209.735 8.19 10.11 

Donegal 1 10.28 0.56 0.5 

Dublin 2.5 71.33 1.41 3.44 

Galway 16 300.155 9.04 14.47 

Kerry 3 16.87 1.69 0.81 

Kildare 6 67.07 3.39 3.23 

Kilkenny 12 72.81 6.78 3.51 

Laois 11 73.5654 6.21 3.55 

Leitrim 0.5 39.8 0.28 1.92 

Limerick 4.5 126.045 2.54 6.08 

Louth 2 19.5 1.13 0.94 

Longford 0 0 0 0 

Mayo 0.5 1.65 0.28 0.08 

Meath 35.5 448.5925 20.06 21.63 

Monaghan 3 31.1715 1.69 1.5 

Offaly 3.5 28.374 1.98 1.37 

Roscommon 1 59.28 0.56 2.86 

Sligo 1 1.2 0.56 0.06 

Tipperary 8.5 95.026 4.8 4.58 

Waterford 17.5 66.015 9.89 3.18 

Westmeath 14 55.424 7.91 2.67 

Wexford 8 106.8171 4.52 5.15 

Wicklow 1 77.21 0.56 3.72 

Table 10. Frequency of Survey Events and survey coverage, by county. 
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No. of Survey Events Geophysical Consultancy 
1 ArchaeoLogical 
1 Archaeological Surveys 
1 GeoArc 
1 GSB Prospection* & Margaret Gowen & Company* 
1 Minerex & Eastern Atlas 
1 Murphy Surveys 
1 Substrata 
1 Unknown 
2 ArchaeoPhysica* & Substrata 
2 Earthsound Archaeological Geophysics* & Substrata 
2 GeoQuest Associates 
2 Landscape & Geophysical Services 
2 Whiteford Geoservices Limited 
3 Irish Geophysical & Archaeological Surveys* 
4 Headland Archaeology Limited 
6 J.M.Leigh Surveys* 
7 Bartlett-Clark Consultancy 
7 Margaret Gowen & Company* 

10 ArchaeoPhysica* 
16 Archaeological Consultancy Services* 
17 GSB Prospection* 
43 Target Archaeological Geophysics* 
46 Earthsound Archaeological Geophysics* 

Table 11. Frequency of geophysical surveys, by consultancy.  

*Denotes consultancies whose senior archaeological geophysicist(s) were trained at 
the University of Bradford. 
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3.1.3 Geophysical survey technique   

Detailed magnetometry was the most frequently used method (Figure 11, 

Table 12) and far outweighs any other survey technique used; it has a ratio 

of 4:1 in its favour over magnetometer scanning and 27:1 over earth 

resistance surveys. The annual use of topsoil (volume specific) MS and earth 

resistance surveys (Figure 12) was reasonably similar, although the former 

dropped off in 2006 at the expense of the latter and continued as a trend. 

Despite this, earth resistance was used much less often than topsoil MS. EM 

and GPR have rarely been used at all. Survey coverage by hectare (Figure 

11 and Figure 13) also indicates that detailed magnetometry dominates the 

results; the use of magnetometer scanning (Figure 13), which was used over 

large areas at the start of the study period, has been used less and less 

since its peak in 2002, with the exception of isolated peaks in 2006 and 

2008. As discussed (see Section 3.1.2, above), a peak in detailed 

magnetometry in 2010 can be attributed to a large survey on the M20 Cork-

Limerick scheme. 

The majority of surveys (55.9%) used only magnetometry (Figure 14), and 

only 39.4% of surveys used more than one technique per Survey Event. All 

Survey Events that used magnetometer scanning (5.3%) were followed up 

by detailed magnetometry only, with no further techniques used. The most 

frequent combination of techniques were detailed magnetometry and earth 

resistance survey, which occurred in 15.9% of Survey Events. 
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Figure 11. Use of different survey techniques by frequency and coverage 
 

Method 
   
    
 

Active 
or 
Passive 

Frequency of Use 
Republic of Ireland NRA Road 

Schemes 
Description % Description % 

Magnetometry Passive High 53% High 67% 
Electrical Resistance  Active High / Mid 31% Mid 17% 
Magnetic Susceptibility Active Mid 9% Mid 15% 
Ground Penetrating Radar Active Mid / Low 5% Low <1% 
Electromagnetic Active Low 1% Low <1% 
Metal Detectors Active Low <1% Low <1% 

Table 12. Technique of Detection in Irish Archaeological Geophysics.  

The NRA data reflect the 2001-2010 study period. The data from the Republic of 
Ireland utilises terrestrial (archaeological geophysical) Detection Licence 
applications from 1997-2011. The licence applications indicate an intentional or 
aspirational use of technique(s). See Appendix 2 for the Detection Licence figures. 
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Figure 12. Use of survey technique per year. 
 

 

Figure 13. Coverage in hectares for each survey technique, per year.  
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Figure 15. Type of road corridor assessments using geophysical surveys.  

After Bonsall et al. (2014b). 
 

 

The use of multi-method assessments differs for the three types of road 

corridor assessments (Figure 16). For example, surveys at known Sites or 

Monuments were more likely to be surveyed with magnetometry and earth 

resistance than the other types of road corridor assessments, and as would 

be expected for these survey area types, were not subjected to 

magnetometer scanning. Detailed magnetometry was the most popular for 

each type of road corridor assessment.  
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Figure 16. Multi-method surveys for different types of road corridor assessment. 
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Rock Type(s) Encountered 
No. of 
Rock 
Types 

No. of 
Survey 
Events 

Limestone 1 52 
Limestone; Shale 2 45 
Mudstone; Sandstone 2 9 
Siltstone; Slate 2 9 
Sandstone; Shale 2 5 
Volcanic 1 3 
Unknown 1 3 
Siltstone 1 3 
Greywacke (Sandstone) 1 3 
Granite 1 3 
Conglomerate; Sandstone 2 3 
Greywacke (Sandstone); Siltstone; Shale 3 3 
Mudstone 1 2 
Sandstone; Limestone 2 2 
Limestone; Shale; Conglomerate 3 2 
Limestone; Shale; Sandstone 3 2 
Sandstone; Siltstone; Granite 3 2 
Sandstone 1 1 
Greywacke (Sandstone); Shale 2 1 
Greywacke (Sandstone); Slate 2 1 
Limestone; Granite 2 1 
Limestone; Mudstone 2 1 
Sandstone; Siltstone 2 1 
Slate; Sandstone 2 1 
Volcanic; Slate 2 1 
Conglomerate; Sandstone; Limestone 3 1 
Greywacke (Sandstone); Siltstone; Grit 3 1 
Limestone; Shale; Greywacke (Sandstone) 3 1 
Sandstone; Conglomerate; Siltstone 3 1 
Sandstone; Mudstone; Siltstone 3 1 
Conglomerate; Sandstone; Slate; Siltstone 4 1 
Sandstone; Mudstone; Siltstone; Limestone 4 1 
Granite; Diorite; Felsite; Greywacke (Sandstone); Limestone 5 1 
Limestone; Marble; Quartzite; Sandstone; Graphitic 5 1 
Volcanic; Slate; Dolerite; Gabbro; Basalt 5 1 
Volcanic; Dolerite; Basalt; Gabbro; Slate; Siltstone 6 1 
Diorite; Volcanic; Slate; Siltstone; Phyllite; Sandstone; Schist; 7 1 
Granite; Mudstone; Siltstone, Greywacke (Sandstone); 
Sandstone; Shale; Limestone; Conglomerate 8 1 

Volcanic; Slate; Limestone; Shale; Mudstone; Conglomerate; 
Sandstone; Siltstone 8 1 

Table 13. Frequency of geology encountered. 
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Basic Geology No. of Survey Events % 
Sedimentary 147 83.0 
Sedimentary & Metamorphic 14 7.9 
Igneous 7 4.0 
Sedimentary & Igneous 6 3.4 
Sedimentary, Metamorphic & Igneous 2 1.1 
Metamorphic & Igneous 1 0.6 

   
Total 177 100 

Table 14. Frequency of basic rocks encountered.  

 

Surface Geology Encountered No. of 
Surface 

Geologies 

No. of Survey 
Events (%) 

Till 1 84 (60.4%) 
Peat 1 7 (5.0%) 
Fluvio-glacial 1 7 (5.0%) 
Alluvium 1 6 (4.3%) 
Glacial Sand and Gravel 1 6 (4.3%) 
Colluvium 1 5 (3.6%) 
Bedrock at surface 1 3 (2.2%) 
Drift 1 2 (1.4%) 
Till; Alluvium 2 2 (1.4%) 
Sand and Gravel of Uncertain Age or Origin 1 2 (1.4%) 
Till; Rock (Bedrock at surface) 2 2 (1.4%) 
Glacial Sand and Gravel; Alluvium; Till; Rock 
(bedrock at surface) 

4 2 (1.4%) 

Cultivated Silty Loam; Peat 2 1 (0.7%) 
Rock (bedrock at surface); Sandy Loam Clays; Peat; 
Till; Bog; Marsh 

6 1 (0.7%) 

Glacial Sand and Gravel; Granite Erratics; Peat 3 1 (0.7%) 
Peat; Glacial Till 2 1 (0.7%) 
Rock (bedrock at surface) 1 1 (0.7%) 
Sand and Gravel of Uncertain Age or Origin; Peat 2 1 (0.7%) 
Silts and Sands 1 1 (0.7%) 
Till; Alluvium; Rock (Bedrock at surface) 3 1 (0.7%) 
Till; Peat 2 1 (0.7%) 
Till; Peat; Alluvium; Glacial Sand and Gravel 4 1 (0.7%) 
Peat; Silts and Sands; Till; Gravel; Rock (bedrock at 
Surface) 

5 1 (0.7%) 

   
Total  139 (100%) 

Table 15. Frequency of surface geology types encountered.  
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3.1.5 Quality of the legacy data archive 

The general quality of the geophysical survey reports is very high, however 

in a review of the reports for the NRA, Bonsall et al. (2014b: 120) noted that 

some of the survey information was missing. Although some of the omitted 

data were reconstructed from other sources (e.g. bedrock and surface 

geology, Detection Licence numbers, county), a number of important pieces 

of information remained absent. The most common omissions from the 

survey reports (which could not be easily extrapolated from elsewhere) were: 

weather (absent from 57% of reports), soil conditions (54%), data processing 

software used (34%), method of data processing (28%), data presentation 

software used (23%), date(s) of fieldwork (14%), method (and accuracy) of 

grid set-out (12%), land use (6%), spatial resolution (1%) and instrument 

type used (1%). The omissions occurred despite the fact that specifications 

required adherence to specific report and archiving guidelines (David 1995, 

David et al. 2008, Schmidt  2002). Most of the omitted categories above are 

required by those guidelines, therefore some reports did fall short of the 

standards required.    
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3.2.1 GIS analysis 

Most geophysical and excavation plans in the legacy data archive were 

constructed using CAD packages. These digital data were exported as 

shape files into ArcGIS, which was used to compare the geophysical 

interpretation to the excavation plan. In this way, the identification of each 

individual archaeological feature or geophysical anomaly can be assessed. A 

preliminary assessment of this GIS analysis has been published (Bonsall et 

al. 2014a). 

A significant amount of data cleaning was required to ensure compatibility 

between the excavation and geophysical drawings and their suitability for 

analysis in ArcGIS (Figure 18 and Figure 19). The following data cleaning 

was carried out in AutoCAD: 

 Excavation plans displayed as hachures were redrawn as solid lines  

 Interpretation drawings of narrow features represented by a polyline were 

redrawn as 0.5m wide polygons 

 Non-georectified drawings were corrected by co-registering common 

features present on all drawings and modern digital OS maps.  
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Archaeological excavation plan from Dowdstown 2 (from Cagney et al. 2009).  
 

 

GIS suitable plan of the common area. 

Figure 18. Example of data clean-up for archaeological excavation plans.  

A smaller area is used, that coincided with the geophysical survey area.  
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The metric accuracy of historic geophysical surveys and excavations will 

differ due to the methods of co-registration. Slight lateral movements (0.17-

0.18m) of the anomaly source can also be expected for fluxgate 

gradiometers (Aspinall et al. 2008: 67). The 2m buffer zone is large enough 

to incorporate any slight lateral error. The 0.5m intervals also help to 

establish the technical accuracy of the geophysical survey and excavation, 

however it is difficult to determine whether one or both methods of 

investigation are responsible for any lateral errors.   

Comparisons were made at 67 excavated archaeological sites located on 8 

road schemes (Table 19). Each magnetometry survey used fluxgate 

gradiometers at a sample resolution of 1m x 0.25m or better. The 

archaeological features, bedrock and surface geology of each site varied 

substantially although the predominance of sedimentary rocks in Ireland has 

led to a high occurrence of these in the sample. The archaeological sites 

represent a range of earth-cut and thermoremanent features that are suitable 

for detection by magnetometry (as discussed in Section 2.4.3, above). 
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 A count was taken of the number of anomalous areas that lead to further 

detailed magnetometry. These were compared to the excavated 

archaeological site reports to determine if the detailed work had identified 

the presence/absence of a site.  

 A count was taken of the number of excavated archaeological sites that 

were not identified by the scanning assessment.  

 Reports were also closely studied to identify areas of anomalous activity 

that were not subsequently assessed with detailed surveys. 

The results of the unrecorded scanning assessment can be seen in Section 
3.3.3. 

 

3.3  Results 

3.3.1 GIS analysis 

The example of Dowdstown 2 (Figure 20) is used to describe the outcomes 

of the GIS analysis, the results of which are presented for all sites in Table 

20. Dowdstown 2 is one of 14 archaeological sites on the M3 Clonee-Kells 

Motorway. The excavation at Dowdstown 2 (Cagney et al. 2009) found 

extensive evidence for an early medieval settlement (surrounded by a 

contemporary field system) and a number of cereal-drying kilns; the site 

dated to the late 5th to 12th centuries AD. Dowdstown 2 lies upon a shale 

bedrock overlain by Carboniferous limestone sand and gravels. The common 

area available for the GIS analysis was 1.31 ha.   
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The detailed magnetometry survey identified and mapped a significant series 

of enclosures at Dowdstown 2 and 75% of the archaeologically interpreted 

anomalies were true positives. The false positives were 25% and are mostly 

accounted for by ill-defined weak magnetic trends. True negative results 

were at 81% which gives confidence in the ability of magnetometry to 

correctly identify areas where archaeological features are absent. False 

negatives occurred at a rate of 0.12%.  

The false negatives at Dowdstown 2 were mostly ditches and the majority of 

them occurred in one region of the survey area which may indicate a change 

in soil type and/or depth of the feature in that area. These were mostly linear 

ditches and the same features were partly identified as true positives along 

small sections of the ditches, suggesting non-uniform magnetic responses 

for different fills/areas within the same feature. 

In the common area examined at Dowdstown 2: 

 All 5 hearths were identified. 

 Only 3 of the 9 kilns were identified. 

 1 ditch was missed in its entirety.  

  





156 
 
 

Archaeological Site(s)/ Method True (False) Positive True 
Negative 

False 
Negative 

Dowdstown 2,  M3 Motorway Scheme 75% 0.0m 17% 81% 0.12% 
Fluxgate Gradiometer, 1m x 0.25m    (25%) 0.5m 15% 
    1.0m 15% 
    1.5m 15% 
    2.0m 13% 
M3 Motorway Scheme 74% 0.0m 15% 83% 0.82% 
Fluxgate Gradiometer, 1m x 0.25m (26%) 0.5m 14% 
    1.0m 15% 
    1.5m 16% 
    2.0m 15% 
Churchtown, N15 Lifford-Stranorlar  12% 0.0m <1% 94% 1.55% 
Fluxgate Gradiometer, 1m x 0.25m (88%) 0.5m 5% 
    1.0m 4% 
    1.5m 3% 
    2.0m <1% 
M1 Dundalk Western Bypass 25% 0.0m 6% 91% 12.80% 
Fluxgate Gradiometer, 1m x 0.25m (75%) 0.5m 5% 
    1.0m 5% 
    1.5m 5% 
    2.0m 4% 
Davidstown, N25 Waterford-Glenmore 15% 0.0m 8% 76% 0.61% 
Fluxgate Gradiometer, 1m x 0.25m (85%) 0.5m 3% 
    1.0m 2% 
    1.5m 1% 
    2.0m 1% 
N8 Fermoy-Mitchelstown 95% 0.0m 68% 92% 18.30% 
Fluxgate Gradiometer, 1m x 0.125m (5%) 0.5m 8% 
    1.0m 6% 
    1.5m 7% 
    2.0m 6% 
N11 Arklow-Rathnew 76% 0.0m 63% 73% 1.03% 
Fluxgate Gradiometer, 1m x 0.125m (24%) 0.5m 5% 
    1.0m 4% 
    1.5m 2% 
    2.0m 2% 
N25 Waterford Bypass 76% 0.0m 28% 78% 0.79% 
Fluxgate Gradiometer, 1m x 0.25m (24%) 0.5m 14% 
    1.0m 13% 
    1.5m 12% 
    2.0m 9% 
Cuffsborough, M7/M8 Motorway 95% 0.0m 22% 86% 0.16% 
Fluxgate Gradiometer, 1m x 0.25m (5%) 0.5m 20% 
    1.0m 19% 
    1.5m 18% 
    2.0m 16% 
Average 60% 0.0m 25% 84% 4.02% 

(40%) 0.5m 10% 
  1.0m 10% 
  1.5m 9% 
  2.0m 7% 

Table 20. GIS analysis of each road scheme / area based on ground-observed 
excavations. 
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Looking at the results beyond Dowdstown 2, Table 20 indicates that the N8 

Fermoy-Mitchelstown scheme recorded the highest true positive (95%) rates, 

and the highest rate of false negatives (18.3%). The magnetometry survey 

on this scheme was the narrowest of all those examined, limited to a 15m 

wide sample strip of detailed magnetometry located along the centreline of 

the proposed road. Ditches that passed beneath the magnetometry sample 

strip were clearly identified as true positives. Smaller scale features however 

were not conducive to the sampling strategy due to poor anomaly visibility 

and a narrow background, which accounts for the large number of 

archaeological sites that were missed (false negatives) as a result, the 

highest of all the areas examined.  

The N11 Arklow-Rathnew scheme appears to have a high level of success 

(76% true positive). However these results came from an analysis of 5 

archaeological sites, all of which occurred on sandstone, siltstone and 

diorite. A further 24 archaeological sites on the N11 Arklow-Rathnew scheme 

were not identified at all by the same magnetometry assessment, as they 

occurred on high contrast volcanic, slate, phyllite and schist geologies. The 

GIS analysis is therefore very useful at examining the technical accuracy of 

magnetometry (and its ability to identify archaeological features within the 

common area), however if an archaeological site is missed entirely due to 

high contrast geology, then the results are skewed. This is contradictory to 

the results of the visual comparison (see Section 3.3.2, below).  
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The survey of the M1 Dundalk Western Bypass was carried out on 

Carboniferous limestone that frequently encountered thermoremanent 

igneous dykes. The dykes impacted the magnetometer data and returned 

very poor results for true positives (25%). Very high rates of false negatives 

(12.8%) reflect archaeological features that were masked or obscured by 

stronger geological thermoremanent anomalies. 

For all the sites examined, the average true positives were 60% (40% false 

positives). This is encouraging given the expected high-failure rate for 

igneous deposits. The spatial accuracy of true positives is very high; 25% of 

anomalies were found within 0.0m-0.5m of an archaeological feature and 

only 7% were more than 1.5m away from the anomaly source. This is also 

encouraging given the potential for discrepancies in accuracy and anomaly 

displacement (discussed above in Section 3.2.1).  

Assessments on exclusively sedimentary deposits (Table 21) had true 

positive rates of 88% (12% false positive). No exclusively igneous or 

metamorphic geologies were assessed by the road schemes examined. 

Success rates varied considerably for road schemes that passed through 

mixtures of sedimentary, metamorphic and/or igneous deposits.  
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Geology (number of sites assessed) True 
Positive 

False 
Positive 

True 
Negative 

False 
Negative 

Surface Geology     
Limestone Till; Limestone Sand and Gravel (44) 84.5% 15.5% 87.5% 9.56% 
Colluvium (1) 12% 88% 94% 1.55% 
Sand and Gravel (1) 95% 5% 86% 0.16% 
Bedrock Geology     
Limestone (1) 95% 5% 86% 0.16% 
Limestone; Shale; Sandstone (14) 74% 26% 83% 0.82% 
Marble; Quartzite; Psammite; Graphitic (1) 12% 88% 94% 1.55% 
Greywacke (Sandstone); Limestone and igneous 
dykes (3) 

25% 75% 91% 12.8% 

Conglomerate; Sandstone (1) 15% 85% 76% 0.61% 
Sandstone; Siltstone; Diorite (5) 76% 24% 73% 1.03% 
Sandstone; Mudstone; Limestone (30) 95% 5% 92% 18.3% 
Slate; Siltstone (12) 76% 24% 78% 0.79% 
Basic Rock Type     
Sedimentary (46) 88% 12% 87% 6.4% 
Sedimentary & Igneous (3) 25% 75% 91% 12.8% 
Sedimentary & Metamorphic (14) 34.3% 65.6% 82.6% 0.93% 
Sedimentary, Metamorphic & Igneous (5) 76% 24% 73% 1% 

Table 21. Ground-observed correlation by geological types.  
 

3.3.2 Visual comparison 

The study of non-georectified excavation plans (Table 22) has highlighted 

challenges that were not directly exposed by the GIS analysis. 21 of the 66 

excavated sites were clearly identified and 16 were partially identified. This 

returns a true positive result of 55.2% (44.8% false positive), much lower 

than the 71.4% true positive rate reported by Gaffney (1997) for sites in the 

UK that were assessed using the same visual comparison method.  
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Site Type 

Site Identified? 
 

 
 
 

Possible mitigating 
circumstances 

No Partially 
<50% 

Yes 

(visible with 
hindsight?) 

 

Burnt Mound 5 (3) 1 (1) 7 5 x strong geological contrast 
1 x poor land 
1 x deep peat 

Burnt Spread 2 (1) 2  1 x strong geological contrast 
Cashel  
(stone-enclosure) 

 2 (1) 2  

Drainage Channel   1  
Enclosure 2 2 (1) 3 1 x high contrast cultivation 

furrows 
1 x obstacles in survey area 

Field system 1  3 1 x strong geological contrast 
Hearth and Pits 5 (3) 1  3 x strong geological contrast 

1 x high contrast cultivation 
furrows 
1 x obstacles in survey area 

Hillfort 1 (1)   1 x high contrast cultivation 
furrows 

Inhumations  2 (2)  1 x site too small for 
methodology 
1 x survey area too small for 
site 

Kiln 1 (1) 3 (3)  3 x strong geological contrast 
 

Pit 8 (1)   7 x strong geological contrast 
 

Ring Barrows / 
Burials / Hearth 

1 (1)   1 x high contrast cultivation 
furrows 

Ringfort 1 (1) 3 (1) 2 1 x high contrast cultivation 
furrows 
1 x obstacles in survey area 

Round barrow ditch 1 (1)  2 1 x high contrast cultivation 
furrows 

Structure 1 1 (1) 1 1 x strong geological contrast 
Total 29 (13) 16 (10) 21  

Table 22. Excavated archaeological sites assessed by detailed magnetometry. 
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3.3.3 Unrecorded magnetometer scanning 

71.2% of archaeological sites were not identified by unrecorded 

magnetometer scanning (and the subsequent detailed magnetometer) 

assessments (Table 23). The scanning assessments occurred on 14 

different geological (bedrock and surface) combinations, all of which were 

sedimentary rocks (Table 24).  

Road Scheme Archaeological 
Sites Assessed 

by Scanning 

Sites 
Identified 

Sites 
Unidentified 

n % n % 
M3 Clonee-Kells 
(Dunshaughlin-Navan) 

26 9.3 35.7 16.6 63.8 

M11 Gorey-Arklow 2 0 0 2 100 
M7/M8 Portlaoise Castletown  
/ Portlaoise Cullahill 

3 1 33.3 2 66.6 

N18 Gort-Crusheen (Ballyboy) 2 0 0 2 100 

M1 Dundalk Western Bypass 5 1 20 4 80 

N2 Carrickmacross 10 0 0 10 100 
N2 Finglas-Ashbourne 18 8 44.4 10 55.5 
Total  66 19 28.7 47 71.2 

Table 23. Success of scanning per road scheme. 

 

14.9% of excavated archaeological sites were located on alluvium or peat - 

none of those were identified by scanning however all of the sites were <10m 

in size (including 5 burnt mound sites). The geological combination with the 

highest success rate for scanning also had the highest failure rate for 

scanning: limestone tills over limestone and shale (Table 24).  

  



167 
 
 

This demonstrates that geology (which provides the background contrast), is 

only one factor that helps determine the success of scanning: a more 

significant factor (assuming the presence of a suitable magnetic contrast) is 

the size of the archaeological feature. The scanning method use transects 

spaced approximately 10m apart, effectively sampling 10% of the survey 

area. If an archaeological feature does not fall within that 10% sample it will 

not be identified.  

 
Rock Type 

 
Surface Geology 

Unidentified 
Sites  

Identified 
Sites  

n % n % 

Greywacke (Sandstone) Glacial Tills 4 8.5   

Limestone Limestone Tills 5 10.6   

Limestone Alluvium 3 6.4   

Limestone Limestone sands 
and gravels 

4 8.5   

Limestone Alluvium and 
Limestone Tills 

1 2.1   

Limestone Sandstone and 
Shale Till 

  1 5.3 

Limestone; Shale Limestone Tills 17 36.2 12 63.2 

Limestone; Shale Limestone sands 
and gravels 

2 4.3 3 15.8 

Limestone; Shale Peat 1 2.1   

Limestone; Shale Alluvium 2 4.3   

Sandstone; Shale Limestone sands 
and gravels 

1 2.1 1 5.3 

Shale; Sandstone; Limestone Limestone sands 
and gravels 

1 2.1 2 10.5 

Shale; Sandstone; Limestone Limestone Tills 4 8.5   

Slate; Sandstone Limestone Tills 2 4.3   

Total  47 100 19 100 

Table 24. Success of scanning on different geological combinations.  
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Non-contrasting archaeological sites 

5 site types could not be expected to have been identified through scanning 

(or a detailed assessment) due to low magnetic contrasts e.g. stone 

buildings or inhumation burials (Table 25). 

Site Type Surface Geology Bedrock Geology 
Vernacular Building:  
Building foundations and laneway 

Alluvium Limestone; Shale 

Building:  
Rectangular stone foundations 

Limestone Tills Limestone; Shale 

Burial Site:  
Single pit with intact pot 

Limestone Tills Shale; Sandstone; 
Limestone 

Building:  
Post-medieval dry stone wall 
structure 

Limestone sands 
and gravels 

Limestone 

Burial Site:  
cemetery (unenclosed) 

Alluvium Limestone 

Table 25. Low contrast archaeological sites from 7 road corridors that were not (and 
could not be expected to be) identified through scanning. 
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Archaeological sites <10m in size 

The NRA archaeological excavation database review (McCarthy 2010) 

suggests that 91% of excavated sites on road schemes were <10m in size 

(e.g. burnt mounds of stone, temporary or permanent structures, isolated 

industrial sites, pits and hearths, burials). Sites successfully identified 

through scanning were due to the transect being directly above a) the site or 

feature, or b) increased soil noise in the vicinity of the feature (e.g. 

suggesting occupation activity). Of the sites assessed by scanning that were 

<10m in size (n=44): 

 18% were identified through scanning (Table 26) 

 82% were not identified through scanning (Table 27).  
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Site Type Surface Geology Bedrock Geology Frequency 

Burnt Mound:  
Burnt Mound 

Limestone sands and 
gravels 

Limestone; Shale 1 

Burnt Mound/Occupation 
Activity:  
Burnt Mound, hearths 

Alluvium Limestone 2 

Burnt Mound:  
Pit and burnt spread 

Limestone Tills Shale; Sandstone; 
Limestone 

1 

Burnt Mound:  
Burnt Mounds 

Peat Limestone; Shale 1 

Burnt Mound:  
Pits and burnt spread / burnt 
stone 

Limestone Tills Limestone; Shale 6 

Linear ditches,  curvilinear 
ditches 

Limestone sands and 
gravels 

Sandstone; Shale 1 

Pits Limestone sands and 
gravels 

Shale; Sandstone; 
Limestone 

1 

Pit Limestone Tills Limestone 2 

Pits and ditches Limestone Tills Slate; Sandstone 1 

Burial Site:  
ring-ditch and cremations 

Limestone sands and 
gravels 

Limestone 2 

Burial Site:  
Cemetery, ring-ditch 

Glacial Tills Greywacke 
(Sandstone) 

1 

Burial Site:  
Ring-ditch, cremations and 
inhumations. 

Limestone Tills Limestone; Shale 3 

Industrial activity:  
Kiln 

Limestone sands and 
gravels 

Limestone; Shale 1 

Occupation Activity:  
4 pits, 1 hearth, linear features 

Limestone Tills Shale; Sandstone; 
Limestone 

1 

Occupation 
Activity/Industry:  
Charcoal-rich pits 

Glacial Tills Greywacke 
(Sandstone) 

1 

Settlement:  
burnt mound, hut site 

Glacial Tills Greywacke 
(Sandstone) 

1 

Settlement/Industrial: 
Hearth, pits, kiln 

Limestone Tills Limestone; Shale 5 

Settlement/Industrial:  
pit and hearth 

Glacial Tills Greywacke 
(Sandstone) 

1 

Settlement/Industrial:  
pits and possible iron working 

Limestone Tills Limestone 1 

Settlement Complex:  
Neolithic houses, pits, hearths; 
burnt mound, kiln; burial  

Alluvium and 
Limestone Tills 

Limestone 1 

Possible building & possible 
burial site:  
Possible round house, 
possible cremation pits 

Limestone Tills Limestone; Shale 1 

Linear/curvilinear ditches Limestone Tills Limestone 1 

Table 27. Archaeological sites <10m in size from 7 road corridors that were not 
identified through scanning. 
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Site Name Site Type Length of 
Excavation 

Surface Geology Bedrock Geology 

Ross 1 Settlement:  
univallate ringfort, linear  ditch, hut, fire pits 
and dump pits, bowl furnace, postholes, field 
ditches and burnt stone fragments 

16.5 weeks Limestone Tills Limestone; Shale 

Ross 2 Settlement Complex:  
Large ditched enclosure complex 

3.5 weeks Limestone Tills Shale; Sandstone; Limestone 

Parknahown 2  Settlement/Burial Site: 
enclosure, ring-ditch 

11.2 weeks 
 

Limestone sands and gravels Limestone 

Lisanisk 2 Settlement/Industry:  
enclosure, metal working 

12 weeks Limestone Tills Limestone 

Kilshane Settlement:  
Neolithic enclosure ditch 

20 weeks 
 

Limestone Tills Limestone; Shale 

Table 28. Archaeological sites >10m in size from 4 road corridors that were missed through scanning. 
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Burnt mounds of stone 

Burnt mounds of stone and burnt spreads are the most frequent (35%) 

archaeological site type encountered on road schemes (McCarthy 2010). On 

average, they are 9m in diameter - just small enough to fall between two 10m 

spaced scanning transects. However they could be associated with disturbed 

material and/or soil noise that extends beyond the feature and into a 

scanning transect. 16 excavated burnt mound sites were assessed by 

scanning (Table 29); 18% (n=3) were successfully identified and 82% were 

missed.    

Four of the burnt mounds of stone were on alluvium or peat, conditions which 

are known (see Section 2.4.2, above) to impede the magnetic susceptibility 

of magnetic features (Weston 2004), and could account for why they were 

missed. 9 burnt mounds were located on non-alluvial/peat soils. It is likely 

that the size of the burnt mound feature is the strongest influence on its 

detection via scanning on favourable soils. By excluding those burnt mounds 

on alluvial/peat soils, 25% were identified via scanning (n=12 for limestone 

and glacial tills or sands and gravels). 
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Surface Soils Identified by 
Scanning 

Not Identified by 
Scanning 

Alluvium   2 
Alluvium and Limestone Tills  1 
Peat  1 
Limestone sands and gravels 1  

(2 burnt spreads in 1 site) 
1 

Limestone Tills 2  
(2 burnt spreads in 1 site) 

7 

Glacial Tills  1 

Total 3 13 

Table 29. Location of burnt mounds of stone assessed by scanning.  

 

Ringforts and enclosures 

Four (7.6%) of the 66 excavated sites were large enough to expect 

identification through scanning (Table 28, above) and were not found. These 

are extensive ringfort / enclosure sites that would a) pass through multiple 

scanning transects, and b) would (under favourable soil conditions) have 

created a strong magnetic contrast with the background soils. These sites 

were each excavated over an average of 12.6 weeks (Coughlan 2010, 

Moore 2009, O'Hara 2009, O'Neill 2009, Wiggins et al. 2009). Why did 

scanning fail at these sites in particular? The sedimentary geology and the 

overlying tills, sands and gravels at each site would have led to a low 

magnetic background which should have contrasted well with the enclosure 

ditches.  
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The five sites are examined below (Table 30) and presented as case studies. 

Excavation plans are presented with hypothetical scanning transects spaced 

at 10m intervals along the direction of the road corridor to illustrate how the 

site is likely to have been assessed. The actual location of the transects was 

not recorded in the legacy data archive, however the transects were most 

likely carried out parallel to the long axis of the road corridor (to facilitate the 

quickest assessment), and may have altered direction slightly from field to 

field depending on local boundaries.  

 

Site Name Hydrological Setting Soil 
Drainage 

Surface 
Geology 

Bedrock Geology 

Ross 1 Low permeability 
subsoil 

Wet Limestone 
Tills 

Limestone; Shale 

Ross 2 Low permeability 
subsoil 

Wet Limestone 
Tills 

Shale; 
Sandstone; 
Limestone 

Parknahown 
2  

Moderate 
permeability subsoil 
overlain by poorly 
drained gley soil 

Dry Limestone 
sands and 
gravels 

Limestone 

Lisanisk 2 Moderate 
permeability subsoil 
and overlain by well 
drained soil 

Dry Limestone 
Tills 

Limestone 

Kilshane Low permeability 
subsoil 

Dry Limestone 
Tills 

Limestone; Shale 

Table 30. Location of ringfort/enclosures missed by the scanning assessment.  
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Figure 22. Excavation at Ross 1 (after Wiggins et al. 2009).  

Hypothetical scanning transects across the road scheme have been added at 10m 
intervals. The ring-ditch would have been assessed by at least 4 scanning 
transects.  
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Figure 24. Detailed magnetometry at Ross 2.  

The excavation area is marked in red (after Nicholls and Shiel 2007a). This site was 
not identified by an earlier scanning assessment. 
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Why were the ditched features weakly magnetic? The National Recharge 

maps indicate that Ross 2 has the same permeability and poor drainage as 

Ross 1 (GSI 2012). Plant macrofossil analysis (O'Hara 2009) determined that 

Ross 2 was not waterlogged although there were suggestions of nearby 

standing water and damp ground (from sedge and alder remains); 

discoloured alder charcoal also suggested exposure to waterlogged 

conditions. Whilst the suggestion of water-logging at Ross 2 is not as 

conclusive as at Ross 1, the evidence could support a reduced or impeded 

magnetic susceptibility reflected by the very low magnetic contrasts observed 

in both the scanning and detailed magnetometer assessments. 

Parknahown 2 

Two enclosures at Parknahown 2 were not identified (Figure 25). The smaller 

enclosure is 12m in diameter and might have been investigated by 1 

hypothetical scanning transect (but could just as likely have been missed by 

transects beyond either edge of the ditch). The larger enclosure must have 

been assessed by at least 4 scanning transects (potentially 5). 

The poorly drained gley soils at Parknahown 2 are (as discussed in Section 

2.4.2, above) the second most widely distributed soils in Ireland (Gardiner 

and Radford 1980) which limit the usefulness of magnetometry (Armstrong 

2010: 286, Singer and Fine 1989, Weston 2004). This alone could explain 

why the scanning survey failed to identify the large enclosure at Parknahown 

2, however the immediate local environment of the enclosure is on slightly 

elevated land which should have better drainage.   
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Figure 25. Excavation at Parknahown 2 (after O'Neill 2009).  

Hypothetical scanning transects across the road scheme have been added at 10m 
intervals. The large enclosure would have been assessed by at least 4 scanning 

transects. 
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Figure 26. Excavation at Lisanisk 2 (after Coughlan 2010).  

Hypothetical scanning transects across the road scheme have been added at 10m intervals, for each field. The large enclosure would 
have been assessed by at least 5 scanning transects.
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Figure 27. Excavation at Kilshane (after Moore 2009).  

Hypothetical scanning transects across the road scheme have been added at 10m 
intervals. The large enclosure would have been assessed by at least 2 scanning 
transects.  
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Range: -18-92nT 
Mean: 0.16nT 
Std. Dev.: 3.08nT 
  
 -6nT            -2nT           0nT      +2nT            +6nT 
0m                                                50m              North       

Figure 28. Magnetometer anomalies of magnitude <-2nT and >+2nT, at Kilcloghans, 
N17 Tuam Bypass. The upper image illustrates the anomalies <-2nT or >+2nT that 

could be expected to be identified via a scanning survey, while the lower image 
indicates all of the data, including weaker anomalies, within the specified clipping 

range.    

Data collected as part of the novel testing of this research. See Chapters 4 and 6 
(Volume 2) for further information on Kilcloghans.  
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Range: -3450-305nT 
Mean: 238nT 
Std. Dev.: 3.39nT 
  
 -6nT            -2nT           0nT      +2nT            +6nT 
0m                         30m                              North  

Figure 29. Magnetometer anomalies of magnitude <-2nT and >+2nT, at circular 
earthwork RMP WM027:004, N4 The Downs.  

The image on the right illustrates the anomalies <-2nT or >+2nT that could be 
expected to be identified via a scanning survey, while the image on the left indicates 
all of the data, including weaker anomalies, within the specified clipping range.    

After Nicholls (2008). 
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Range: -3000-229nT 
Mean: -0.7nT 
Std. Dev.: 40.8nT 
  
 -6nT            -2nT           0nT      +2nT            +6nT 
0m                                   40m                   North       

Figure 30. Magnetometer anomalies of magnitude <-2nT and >+2nT, at circular 
anomaly CHS40, N6 Athlone to Kilbeggan Dual Carriageway.  

After Nicholls (2005b). 

The image on the right illustrates the anomalies <-2nT or >+2nT that could be 
expected to be identified via a scanning survey, while the image on the left indicates 
all of the data, including weaker anomalies, within the specified clipping range.    
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Range: -3402-3400nT 
Mean: -0.26nT 
Std. Dev.: 60.6nT 
  
 -6nT            -2nT           0nT      +2nT            +6nT 
0m                             40m                         North       

Figure 31. Magnetometer anomalies of magnitude <-2nT and >+2nT, cultivation 
furrows, field boundaries and enclosure.  

N72 Mallow Northern Relief Road (after Nicholls 2005a). 

The upper image illustrates the anomalies <-2nT or >+2nT that could be expected 
to be identified via a scanning survey, while the lower image indicates all of the 
data, including weaker anomalies, within the specified clipping range.    
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Range: -100-91nT 
Mean: -0.13nT 
Std. Dev.: 3.3nT 
  
 -6nT            -2nT           0nT      +2nT            +6nT 
0m                                40m                      North       

Figure 32. Magnetometer anomalies of magnitude <-2nT and >+2nT, at enclosure 
site WM12:087.  

N4 Mullingar-Longford Scheme (after Nicholls 2009). 

The upper image illustrates the anomalies <-2nT or >+2nT that could be expected 
to be identified via a scanning survey, while the lower image indicates all of the 
data, including weaker anomalies, within the specified clipping range.    
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Range: -152-191nT 
Mean: 0.05nT 
Std. Dev.: 5.1nT 

 

  
 -6nT            -2nT           0nT      +2nT            +6nT 
0m                  50m                                    North       

Figure 33. Magnetometer anomalies of magnitude <-2nT and >+2nT, at two 
enclosure sites.  

M20 Cork-Limerick Scheme (after Bonsall and Gimson 2009). 

The images on the right illustrates the anomalies <-2nT or >+2nT that could be 
expected to be identified via a scanning survey, while the images on the left 
indicates all of the data, including weaker anomalies, within the specified clipping 
range.    
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Range: -160-83nT 
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Std. Dev.: 1.2nT 
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Figure 34. Magnetometer anomalies of magnitude <-2nT and >+2nT, at enclosure 
sites, Blackchurch 48.  

N7 Naas Road Widening Scheme (after Bonsall and Gimson 2003c). 

The upper image illustrates the anomalies <-2nT or >+2nT that could be expected 
to be identified via a scanning survey, while the lower image indicates all of the 
data, including weaker anomalies, within the specified clipping range.     
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Range: -56-56nT 
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Std. Dev.: 1.4nT 

 

  
 -6nT            -2nT           0nT      +2nT            +6nT 
0m                              60m                        North       

Figure 35. Magnetometer anomalies of magnitude <-2nT and >+2nT, at circular 
enclosure site.  

N52/N2 Ardee Bypass (after GSB 2002). 

The lower image illustrates the anomalies <-2nT or >+2nT that could be expected to 
be identified via a scanning survey, while the upper image indicates all of the data, 
including weaker anomalies, within the specified clipping range.    
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Range: -150-248nT 
Mean: 6.3nT 
Std. Dev.: 60.6nT 
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Figure 36. Magnetometer anomalies of magnitude <-2nT and >+2nT, Bronze Age 
and early medieval enclosures at Moneytucker.  

N30 Clonroche to Enniscorthy (after Bonsall and Gimson 2007b). 

The upper image illustrates the anomalies <-2nT or >+2nT that could be expected 
to be identified via a scanning survey, while the lower image indicates all of the 
data, including weaker anomalies, within the specified clipping range.    
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Range: -7-7nT 
Mean: -0.02nT 
Std. Dev.: 0.85nT 
  
 -6nT            -2nT           0nT      +2nT            +6nT 
0m                            60m                          North       

Figure 37. Magnetometer anomalies of magnitude <-2nT and >+2nT, three 
boreholes and a circular palisade structure Cuffsborough 4.  

M7/M8 Motorway (after Bonsall and Gimson 2005c). 

The upper image illustrates the anomalies <-2nT or >+2nT that could be expected 
to be identified via a scanning survey, while the lower image indicates all of the 
data, including weaker anomalies, within the specified clipping range.    
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Range: -1685-1495nT 
Mean: 0.51nT 
Std. Dev.: 21.0nT 
  
 -6nT            -2nT           0nT      +2nT            +6nT 
0m                                          70m             North       

Figure 38. Magnetometer anomalies of magnitude <-2nT and >+2nT, burnt mounds 
of stone complex.  

N11 Arklow-Wicklow (after Bonsall et al. 2005). 

The image on the right illustrates the anomalies <-2nT or >+2nT that could be 
expected to be identified via a scanning survey, while the image on the left indicates 
all of the data, including weaker anomalies, within the specified clipping range.    
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3.4  Discussion of the outcomes of the review 

3.4.1 Examining the M3 Clonee-North of Kells scheme  

It has already been discussed (see Section 2.3.2, above) that the M3 

Clonee-North of Kells scheme was cursorily reviewed by Fenwick (2005) 

using an anti-road agenda. What value can be added by reviewing the same 

geophysical data with the benefit of both detached hindsight and the 

subsequent resolution excavation data (which was unavailable to Fenwick)?  

The geophysical report that was scrutinised (GSB 2001) suggests that 

conditions were good for the survey, but notes that some aerial photographic 

anomalies could not be identified through scanning, hinting at one of the 

limitations of the method for low-contrast features. The 30 detailed 

magnetometry areas were chosen due to variations in the earlier scanning 

assessment that were thought to be of archaeological potential. Of the 30 

detailed surveys carried out, the geophysical report (GSB 2001) identified:  

 6 major sites of archaeological interest  

o these indicated the remains of settlement activity surrounded by 

field systems and in 2 instances they extended to around two 

hectares in size  

o 2 sites appeared to be burial sites.  

 10 other sites were considered to have strong archaeological potential.  

 Groups of archaeological type anomalies were recorded elsewhere, but 

no identifiable pattern emerged from the results that could confirm an 

anthropogenic origin.  
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The review of scanning assessments returned very poor results on any 

geology overlain by peat deposits. Poor draining soils also strongly 

influenced the outcome of detailed magnetometry and are, consequently, 

very poor for scanning assessments. A key finding is that even large 

enclosure-ditch features built on poor-draining soils are likely to be impacted 

by water-logging; this impedes the magnetic susceptibility of a ditch fill and 

will be less likely (or unlikely) to be identified through scanning and/or 

detailed magnetometry assessments. This could be a more common 

phenomena than was previously realised; water gathering in circular ringfort 

ditches has (in the absence of drainage channels) nowhere to drain to. 

34.1% of Ireland has poor-imperfectly drained soils (Gardiner and Radford 

1980) that will impact the success of magnetometry surveys on circular 

ditched enclosures:  

 Soil drainage is highly variable across large-scale linear road corridors.  

 The past ignorance of important drainage information and the 

dependence on magnetometry (scanning and detailed) and magnetic 

susceptibility across road schemes helps to explain why so many ring-

ditch / enclosure sites were not identified in the large-scale 

prospection assessments, especially those on wet or poorly drained 

soils.  

 It is now understood that in these cases, alternative methods must be 

sought and a thorough understanding of soil drainage is required for 

each survey area. 
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3.4.3 Outcomes of the review 

The analysis of ground-observed excavations and detailed magnetometer 

surveys suggest that: 

 Sedimentary rocks were very suitable for identifying archaeological 

features (88% true positive, 87% true negative). However these also 

have a high instance of false negatives (6.4%) which may be represented 

by low-contrast or no-contrast features. 

 Sedimentary rocks with igneous intrusions were unsuitable (25% 

true positive, 91% true negative and 12.8% false negative). The true 

negative result is misleadingly high and merely indicates areas of high 

contrast geology occurring over archaeologically sterile areas. 

 Sedimentary and metamorphic rocks returned variable results (an 

average of 34.3% true positive, 82.6% true negative. 0.93% false 

negative. Certain combinations - such as slate and siltstone - were 

much better suited to magnetometry (76% true positive, 78% true 

negative and 0.79% false negative). 

 Limestone tills, sands and gravels were very suitable surface soils 

(84.5% true positive, 87.5% true negative), however they also have a 

high false negative rate (9.56%) which may be represented by low-

contrast or no-contrast features. 

 Surveyors using magnetometry on sedimentary rocks (and limestone 

tills, sands and gravels) should expect to miss low-contrast or no-

contrast archaeological features. Sometimes in these geological 

conditions, there is actually no contrast for these features.   
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 Ring-ditch sites on poorly draining soils will have an impeded 

magnetic susceptibility for ditch-fills that will result in a low-contrast or 

no-contrast magnetic response.  

o This is very relevant to archaeological prospection in Ireland. 

Landscape studies have found that whilst the poorly drained 

podzolic, gley and peaty soils were not favoured for ringforts in 

certain areas of the country (Barrett 1972: Table 20), in other 

areas ringforts were commonly distributed upon gleys (Bennett 

1989) and even favoured in some areas over grey brown podzolics 

or brown earths (Chapple 1998, Stout 1997). Thus, ringforts are 

frequently encountered on poorly drained land. 

 Small isolated pits, hearths and kilns have a low 

recognition/interpretation rate in detailed magnetometry surveys. 

 Scanning can now be quantified (Table 33) as a probability of success - 

based on the frequency of features identified in a review - on sedimentary 

geology. �7�K�H�� �F�R�P�E�L�Q�H�G�� �U�H�Y�L�H�Z�� �R�I�� �µ�K�L�V�W�R�U�L�F�¶�� �D�Q�G�� �µ�U�H�W�U�R�V�S�H�F�W�L�Y�H�¶��

scanning assessments suggest that approximately 27-29% is the 

level of success at which scanning can be expected to identify 

archaeological sites. 
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Site Type Probability 
of 
identification 
through 
scanning 

Any archaeological site (average) 28.7% 
Site type <10m in size (average) 
(the most frequently [91%] excavated size of archaeological site 
encountered on national road schemes) 

18% 

Site type >10m in size (average) 68.8% 
Enclosure or ringfort >20m diameter 
(one of the least frequent site types [3%] - but most time-
consuming to excavate - on national road schemes) 

58.3% 

Ring-ditch <10m diameter 14.3% 
Burnt Mound of Stones 
(the most frequently [35%] excavated site type on national road 
schemes) 

25%  

Pits, hearths or kilns 31.3% 
Stone structures  
(stone structures built from sedimentary rock are not suitable for 
scanning) 

0%  

Table 33. Probability of identifying archaeological sites through scanning on 
sedimentary geology.  

 

3.5  Application of the results to NRA road schemes 

The data suggests that detailed magnetometer surveys are very suitable for 

the assessment of most archaeological features and most soils encountered 

on national road schemes. However, the cause of some key failures for 

magnetometry has been identified. In turn these key failures have illustrated 

that techniques other than magnetometry are needed to successfully asses 

some known archaeological site types and to prospect for unknown sites. 
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Dual-system magnetometers are capable of surveying the same area in 35-

52 days, depending on ground conditions. Both multi-probe and dual-system 

surveys will return a detailed assessment without the need for sampling, 

which would significantly increase the probability of detecting archaeological 

features compared to scanning. Additional benefits of multi-probe 

prospection are likely to include higher density sample resolutions and a 

lower noise platform (see Section 2.2.3, above). 

3.5.3 Scanning surveys and surveyors 

The competence of the surveyor will influence the outcome of a scanning 

survey. The absence of records for the precise location of scanning transects 

means that each surveyor is assumed to walk in a straight line for, 

potentially, several hundred metres, maintaining a constant 10m distance 

from adjacent surveyors/transects. In reality, this is unlikely to have occurred 

at +/-1m accuracy and these irregular traverses could explain why some 

sites were missed. Equally there is an assumption that the surveyor can 

recognise and interpret field data. Individual empirical knowledge cannot be 

judged easily from a legacy data archive (see Table 11 and Section 3.1.2, 

above). It is assumed that a surveyor is competent, however, of the senior 

field crews that are known to have carried out the scanning assessments: 

 60% had >5 years experience and post-graduate training 

 30% had >2 years experience and post-graduate training 

 10% had <1 years experience and no post-graduate training  
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Competence is a variable that may be controlled better in the future by 

establishing a baseline of sufficient experience for consultants.  
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