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Rathcroghan revisited: A renewed archaeological and geophysical exploration of 

selected areas of the focal ritual complex.  

Joe Fenwick, Eve Daly & Shane Rooney  

(Emania 2020, Vol. 25, p. 81-98) 

Abstract 

A renewed programme of geophysical survey was implemented over selected archaeological features in 

the fields surrounding Rathcroghan mound during the summers of 2013 and 2014. This was undertaken 

as part of the Rathcroghan ArchaeoGeophysial Field-School, a combined interdisciplinary field-research 

and teaching initiative based at NUI Galway. An electromagnetic conductivity survey was deployed to 

map the variable depth of soils and glacial sediments in the immediate vicinity of the great mound. In 

addition, a suite of geophysical techniques were applied over two 40m x 40m sample survey areas, 

targeting parts of the 360m Enclosure, encircling the focal ritual complex, and the Northern Enclosure, 

situated on the summit of a glacial ridge that extends from the north-eastern flank of the mound. Few new 

details relating to the enclosing element of the 360m Enclosure emerged, but the combined survey results 

resolved a number of questions relating to later episodes of cultivation over its sediment-filled fosse. By 

contrast, the high-resolution survey of the Northern Enclosure revealed a wealth of new detail and 

demonstrated that this remarkable structure had been replaced episodically over a number of 

generations. The overall survey results confirm that the monuments identified through geophysical 

means at Rathcroghan share broad similarities with those revealed through excavation and field-survey 

at the other Irish ‘royal sites’ of Navan Fort, Tara and Knockaulin, in addition to some other cognate sites 

of predominantly Iron Age date.  

Introduction 

A renewed programme of non-invasive archaeological investigation was undertaken at 

the late prehistoric ‘royal site’ of Rathcroghan, Co. Roscommon, during the summers of 

2013 and 2014 as part of the Rathcroghan ArchaeoGeophysical Field-School, a 

collaborative teaching and research initiative co-ordinated by the Disciplines of 

Archaeology and Earth and Ocean Sciences, NUI Galway.  

Field survey was confined to the State-owned lands in the townland of Toberrory and 

this focused primarily on Rathcroghan mound and its immediate environs (Fig. 1). As 

part of this work, two sample survey areas, each measuring 40m x 40m, targeted parts 

of the 360m Enclosure, which encircles a substantial circular area around Rathcroghan 

mound, and the Northern Enclosure, occupying a spur of elevated ground extending 



from the north-eastern flank of the mound. These monuments, along with a wide range 

of others on, in and clustered around the great mound, which comprise the focal 

complex of the Rathcroghan ritual landscape, had originally been identified during the 

course of field research by the ArchaeoGeophysical Imaging Project, NUI Galway. This 

expansive programme of non-invasive field research and some subsequent fieldwork 

undertaken by the Department of Archaeology, was funded through The Heritage 

Council (Waddell et al. 2009, 137-195; Schot, Waddell & Fenwick 2016).  

Geophysical techniques more recently redeployed over Rathcroghan mound and 

surroundings included electromagnetic conductivity, ground penetrating radar (GPR), 

electrical resistivity tomography (ERT), and gravity surveys. Investigations over the 

40m x 40m sample survey areas included detailed topography, magnetic susceptibility, 

electrical resistance, GPR and fluxgate gradiometry surveys.  In addition to providing 

practical ‘hands-on’ experience for students using a variety of field instruments, a 

number of valuable datasets were also recorded during the course of these field-

schools, which has provided further insights into the sub-surface archaeological 

remains and the underlying geological foundations that comprise Rathcroghan’s ritual 

focus. Part of the 360m Enclosure was chosen in the hope of identifying some evidence 

of the former presence of a bank, either internal or external to the sediment-filled fosse. 

The Northern Enclosure was selected for the purposes of resolving some of the 

complexity of detail evident in previous surveys, with a view to elucidating a greater 

understanding of its ground plan. This targeted fieldwork, in combination with other 

strands of academic research, is an integral component of The Connacht Projecti, a more 

broadly-based collaborative interdisciplinary initiative based at NUI, Galway. In parallel 

with these avenues of research, the Discipline of Earth and Ocean Sciences, completed 

the first detailed 3-D GPR survey of Rathcroghan Mound in 2019 and this will form part 

of a separate forthcoming publication. 

The principal focus of this paper concerns the interpreted results of the two 40m x 40m 

sample survey areas, against a preliminary background discussion of the geological, 

geomorphological and topographical features of the greater Rathcroghan ritual 

landscape and its focal ritual complex. This preliminary discussion will also include a 

brief overview of an electromagnetic conductivity survey conducted across a broad 



swathe of the 360m Enclosure, including Rathcroghan Mound, situated to the north of 

the Toberrory/Glenballythomas townland wall (Fig. 2).  

The geological, geomorphological and topographical features of the Rathcroghan 

ritual landscape. 

The geological and geomorphological legacy of the Rathcroghan landscape, like much of 

Co. Roscommon, is founded on succession of Carboniferous Limestone deposits, laid 

down some 363-325 million years ago. These were subsequently sculpted in more 

recent geological times by a series of successive glaciations during the Quaternary 

Period, from about 1.8 million years to 12,000 years ago (e.g. Coxon et al. 2017). 

The elevated plateau on which Rathcroghan is situated is particularly noted for its 

quaternary glacial landforms and deposits, constituting part of a west to north-

westward flowing array of drumlins and lineaments (Ballantyne et al. 2018, Coxon et al. 

2017). Typical glacial landforms that can be observed in the greater Rathcroghan area 

consist of streamlined bedrock hills, transverse moraine ridges and rectangular, steep-

sided bedrock depressions (Delaney 2009, 233-235), all of which can now be 

dramatically imaged using Airborne Lidar and Unmanned Aerial Vehicles (UAVs) (e.g., 

Delaney et al. 2018). Airborne lidar surveys, for example, have recently been 

commissioned by both the Ordnance Survey of Ireland (OSI) and the Geological Survey 

of Ireland (GSI) over large swathes of county Roscommon, including significant parts of 

the Rathcroghan landscape. In addition, an independent research project, the 

Rathcroghan Field Systems Surveyii, completed a 3-D topographical surface model 

comprising several square kilometres of the Rathcroghan ritual landscape in 2017. In 

this instance the surface model is generated from an overlapping series of UAV-acquired 

ortho-photographs employing specialist Structure-from-Motion (SfM) photogrammetric 

software. This survey has provided a particularly detailed basemap of geological, 

geomorphological, archaeological and cultural landscape features of the Rathcroghan 

ritual landscape, a part of which has been reproduced in figures 1, 2 and 9. 

The transverse moraine ridges are a particular feature confined by-and-large to the 

Rathcroghan area and consist of a series of undulating sub-parallel ridges, averaging 

between 100m and 500m long and 3-5m in height above the surrounding terrain. These 

ridges are oriented south-southwest/east-northeast (190⁰/10⁰) and aligned 



perpendicular to the locally streamlined hills. Numerous steep-sided bedrock 

depressions are also a notable feature of the undulating landscape in the vicinity of 

Rathcroghan. These depressions, part of the so-called Rathcroghan ‘pitfields’, average 2-

3m in width and 6-10m in length; although notably longer examples are also evident. 

The origin of these features remains uncertain and has been the subject of some debate 

over recent years, with both geological and archaeological explanations proposed (see, 

for example: Dempsey 2012; Timoney 2009; Fenwick & Parkes 1997, 13-14; Roughan & 

O’Donovan 2017, 14/47-14/50; Meehan 2016). Delaney (2009, 235) provides perhaps 

the most plausible explanation, suggesting that these features are the result of 

overriding glaciers plucking large blocks from the exposed fissured bedrock. Additional 

weathering and the slow dissolution of the underlying limestone due to surface 

drainage through the fissured bedrock might account for consequent subsidence along 

these joints over time.  

The bedrock, although rarely exposed as outcrop in the area, is known to lie relatively 

close to the undulating ground surface in the vicinity of Rathcroghan Mound, as is 

witnessed by two disused quarries, one situated 200m to its northeast and another 

200m to the south of the great mound (Waddell et al. 2009, 138). A series of 

electromagnetic conductivity surveys, undertaken by the Rathcroghan 

ArchaeoGeophysial Field-school using a Geonics EM31 (Slingram), has also illuminated 

some additional details of the variable depth of bedrock within the circuit of the 360m 

Enclosure. This instrument measures bulk conductivity values from the ground surface 

to an effective depth of 6m, which is controlled by the orientation of the coils (Reynolds 

2011). Conductivity is the reciprocal of resistivity, with low conductivity values 

generally analogous to high resistivity values and vice versa.  

Individual readings were recorded at one second intervals as part of a walk-along 

survey over a total of 24 roughly north/south aligned traverse lines spaced 

approximately 20m apart. Individual readings along these traverse lines ranged 

between 0.5 and 2.5m apart. A second more detailed walk-along survey was conducted 

in the vicinity the 40m x 40m sample survey areas with readings taken at approximately 

2m intervals along a series of roughly-spaced transects averaging 2m apart. A third 

survey collected a total of 331 individual data points recorded along 20 north/south 

traverse lines spaced 12.5m apart. These three surveys, comprising of 9471 individual 



conductivity reading, have been combined in a single dataset for the purposes of 

producing a composite image. The principal anomalies are numbered with the prefix ‘C’ 

in figure 2 to facilitate cross-referencing with the text.  

The majority of values range between 4 and 15mS/m, with pockets to the north and 

east of the mound (C1) displaying markedly lower conductivity values than those to the 

west and southwest (C2). These contrasts can be interpreted as variations in the 

thickness of the drift overburden indicating that the soils to the north and east of the 

mound are somewhat shallower than those to the west and southwest. It can also be 

observed that the lower conductivity values tend to occur in areas of lower-lying 

topography, suggesting that the bedrock tends to lie closer to the surface in these areas, 

concealed beneath a thin veneer of glacial till and topsoil. It is also interesting to note 

that Rathcroghan mound (C3) and the spur of higher ground extending from its 

northeast (C4) exhibit higher conductivity values, indicative perhaps of a thicker mantle 

of sediments composed more of soil than stone or glacial till.  

In addition to the electromagnetic conductivity survey, a 334m-long electrical resistivity 

tomography (ERT) profile was acquired using an IRIS Syscal Pro resistivity meter 

employing a Wenner-Schlumberger array with 2m electrode spacing. This was 

conducted along a traverse line aligned west-northwest/east-southeast across the 

centre of Rathcroghan mound and the 360m Enclosure (Fig. 3). These data were 

processed in Res2Dinv software (Loke et al., 2013). The resulting data displays slightly 

higher electrical resistance values in the lower-lying ground to the west-northwest of 

the mound in comparison to those on the somewhat raised ground to the east-southeast 

(Fig. 3). The general contrasts across the ERT profile, therefore, accord well with those 

observed in the conductivity survey, and seem to confirm that the overburden of glacial 

till is marginally shallower in places to the east of the mound than that to the west.  

The combined results of the two survey techniques also confirm that Rathcroghan 

mound, an artificial structure, straddles a glacial ridge and so is elevated a little more 

above the underlying bedrock. The survey results further suggest that the sediment-

filled fosse delimiting the circuit of the 360m Enclosure might be partially rock cut, 

particularly to the north and east of the great mound, where the bedrock appears to lie 

closest to the ground surface. 



 

Topographical expression of archaeological earthworks, or indeed the remains of later 

field divisions and ridge-and-furrow spade-cultivation largely responsible for their 

truncation or erasure, is not easily discernible when viewed from ground level today. 

Traces of both, however, are more readily visible from an aerial vantage point under 

favourable lighting conditions. Relict cultivation patterns and associated traces of low-

relief field systems are particularly evident in aerial photographs taken prior to the 

1990s, along with evidence of some additional surface features and field walls, which 

are no longer extant (see, for example, Waddell et al. 2009, 138, fig. 5.1). It is known that 

the fields surrounding Rathcroghan mound had undergone some farm improvement 

works in the decade prior to the commencement of the ArchaeoGeophysical Imaging 

Project at which time some earthen banks were levelled, field walls removed and 

various pits and hollows in-filled; some of which served as a convenient place to deposit 

farmyard refuse and disused machinery (Waddell et al. 2009, 146). In addition, a 

fluxgate gradiometer survey conducted to the northwest of the 360m Enclosure 

between 2010 and 2012, identified a series of broadly-spaced, parallel lineaments, 

composed of alternating positive and negative magnetic gradient, which might relate to 

the burial of post-and-wire fences or the insertion of drainage channels or pipes (Schot 

et al. 2016, 58, figs 11 & 12). These and other farm-related activities might also account 

for the apparent smoothening or removal of the relict ridge-and-furrow pattern in 

places as a proportion of the grassland would have required reseeding during these 

works. Despite these interventions, much of the original cultivation pattern remains 

perceptible in the high-resolution SfM surface models (Fig. 1).  

Of particular value in relation to the identification of surface features are a series of 

Ordnance Survey of Ireland (OSI), low-altitude, black & white vertical aerial 

photographs of the area taken during the early 1970s, one of which captures some to 

the topographical detail of the focal ritual complex surrounding Rathcroghan mound 

prior to the farm improvement works (Fig. 4) (Delaney 2009, 233). This image has 

proven to be particularly instructive in relation to the interpretation of the various 

geophysical surveys detailed below. 

  



Survey techniques deployed over the 40m x 40m sample survey areas 

As Irish National Grid survey control had been established throughout the Rathcroghan 

landscape as part of the original ArchaeoGeophysical Imaging Project, it was decided to 

continue using this map projection rather than introduce Irish Transverse Mercator 

(ITM) in order to facilitate the seamless integration of this newer survey with the 

various geophysical surveys conducted in previous campaigns (Schot et al. 2016; 

Waddell et al. 2009, 249). 

The two 40m x 40m sample survey areas imposed over parts of the 360m Enclosure and 

Northern Enclosure were set out with the aid of a total station and prism pole so as to 

align with 20m multiples of National Grid (Fenwick 2004).  Both survey areas consisted 

of four 20m x 20m geophysical survey panels (Figs 1 & 4). 

A micro-topographical survey was conducted over both sample survey areas, again 

using a total station and prism pole. Spot-heights were taken at approximately 2.5m 

separation intervals, which amounted to 225 and 237 individual readings for the 360m 

Enclosure and the Northern Enclosure survey areas respectively (Figs 5a & 7a). Notable 

topographical features have been numbered with the prefix ‘T’ in figures 4, 5a and 7a 

for the purposes of cross referencing with the text. 

Four geophysical survey techniques, magnetic susceptibility, electrical resistance, GPR 

and fluxgate gradiometry, were deployed over both 40m x 40m sample survey areas. 

These techniques, each of which measures a different physical property of the soil, were 

conducted at a high spatial survey resolution in order to maximise the potential detail 

and clarity of sub-surface archaeological and natural features. This, in turn, facilitated a 

more comprehensive archaeological interpretation of the combined survey results.  

Volume specific measurements of the magnetic susceptibility of surface soils over both 

sample survey areas were obtained with a Bartingington MS2 instrument employing an 

MS2D search loop (Dearing 1999; Waddell et al. 2009, 19-21). Readings were taken in 

zig-zag mode at 1m intervals along parallel north/south transects set 1m apart. In total 

1,600 individual readings of magnetic susceptibility were recorded over each of the 

sample survey areas.  



The magnetic susceptibility values collected over the 360m Enclosure did not require 

any editing procedures and so the image presented in figure 5b essentially reflects that 

of the raw dataset. By contrast, some isolated, point source, anomalies – registering 

above 12 SI units x 10E-5 and likely to represent buried ferrous material for the most 

part – have been clipped from the Northern Enclosure dataset in order to help reveal 

the more subtle range of susceptibility values across this survey area (Fig. 7b). The 

apparent ‘holes’ in the resulting magnetic susceptibility image represent those excluded 

values that lie above this threshold. The principal magnetic susceptibility anomalies 

have been numbered with the prefix ‘S’ in figures 5b and 7b to facilitate cross-

referencing with the text. 

Two instruments, a Geoscan RM15 and Geoscan RM85 were used for the electrical 

resistance ‘twin-probe’ survey of both 40m x 40m sample survey areas (Gaffney & Gater 

2003, 26-34; Schmidt 2013; Waddell et al. 2009, 22-23). The RM85 used a mobile 

electrode ‘a-spacing’ of 1m with readings collected at 1m intervals along north/south 

transects set 1m apart in zig-zag mode. This amounts to a total of 1,600 individual 

readings over each survey area. The RM15 instrument employed an electrode array ‘a-

spacing’ of 0.5m and readings, in this instance, were collected at 0.5m intervals along a 

series of parallel north/south transects set 0.5m apart, again in zig-zag format. This 

more intensive survey amounted to a total of 6,400 readings of electrical resistance for 

each of the 40m x 40m survey areas. Bias and edge-matching procedures were applied 

to some survey panels in order to equalise the resistance readings across each survey 

area with a view to producing a relatively seamless, composite image. The resulting 

datasets presented in figures 5c & d and 7c & d have not been subject to filtering or 

other image enhancement procedures. Notable features identified in the electrical 

resistance images have been numbered with the prefix ‘R’ to assist cross-referencing 

with the text. 

A Sensors and Software PulseEKKO Pro, fitted with 250 MhZ antenna, was used for the 

3-D GPR survey over both 40m x 40m sample survey areas (Conyers 2004). Data were 

collected at a 0.05m step-interval along a series of north/south traverse lines set 0.5m 

apart, which amounts to a total of 80 individual, 40m-long, GPR transects over both 

survey areas. The principal features identified in the GPR time-slice images presented in 



figures 6a & 8a have been numbered with the prefix ‘GPR’ to assist cross-referencing 

with the text.  

For the purposes of demonstration, two magnetometer instruments, a Bartington 

Grad601 single-sensor and a Grad 601 dual-sensor fluxgate gradiometer, were used for 

the survey of the 360m Enclosure and the Northern Enclosure sample survey areas 

(Aspinall et al. 2008, 106-107; Gaffney & Gater 2003, 66-67). In both instances readings 

were taken at 0.25m intervals, in south-to-north parallel mode, along parallel 

north/south transects set 0.25m apart. This amounts to a total of 25,600 individual 

readings of magnetic gradient for each of the two 40m x 40m sample survey areas. The 

raw datasets have been de-spiked to remove point source anomalies – primarily as a 

result of stray ferrous material buried in the surface and underlying soils – in order to 

isolate the relatively narrow range of magnetic gradient values relating to features of 

potential archaeological significance. With the exception of applying a ‘zero mean 

traverse’ algorithm across the datasets, no additional processing procedures or filters 

have been applied and so the resulting fluxgate gradiometer images presented in figures 

6b & 8b are largely representative of the de-spiked raw datasets. The principal features 

identified in the resulting fluxgate gradiometer grey-scale images have been numbered 

with the prefix ‘G’ to aid cross-referencing with the text. 

 

  



The 360m Enclosure sample survey area 

For the purposes of comparison, the 40m x 40m sample survey area over a 

representative part of the 360m Enclosure (Figs 5 & 6) partially overlaps with the 

northern half of an equivalently sized lower-resolution fluxgate gradiometer survey 

(which employed a Geoscan FM36 instrument) conducted during the course of the 

ArchaeoGeophysical Imaging Project (Waddell et al. 2009, 146-148, fig 5.7). These 

initial investigations also included a soil-sample traverse across the line of the 

sediment-filled fosse. A more diverse suite of geophysical survey techniques, at a higher 

spatial survey resolution, were applied during the course of the Rathcroghan 

ArchaeoGeophysical Field-school investigations and the results of these are described 

below.   

 

Topography 

It is apparent in the low altitude OSI aerial photograph taken prior to the late 20th 

century farm improvement works in the townland of Toberrory that very faint traces of 

the 360m Enclosure remained evident over parts of its north-western quadrant as a 

low-relief surface depression (T1) (Fig. 4). In addition, among the myriad low-relief 

surface features in the fields surrounding Rathcroghan Mound, some vestiges of a 

former field boundary, a wall footing or narrow ditch perhaps (T2), can be seen running 

south-southwest/north-northeast across the sample survey area.  This same boundary 

appears to intersect or touch tangentially with the western sector of the 360m 

Enclosure. A similar linear feature can be observed adjoined (T3) to this boundary at 

right angles, extending east-southeast-wards through the sample survey area and the 

open field beyond. A large irregularly-shaped shallow pit can also be observed 

occupying the western part of the sample survey area (T4), which has subsequently 

been in-filled (T5) (Fig. 5a). 

The micro-topographical survey of the sample survey area undertaken in 2014 

demonstrates that the ground shelves downslope in a gentle gradient from east to west 

(from 145.2m to 144m OD). There is some evidence of surface disturbance (T5) in the 

western sector of the sample survey area, which is coincident with the place formerly 

occupied the irregular pit (T4) but there are few other features of note evident (Fig. 5a).  



 

Magnetic Susceptibility 

The magnetic susceptibility survey of surface soils displays little appreciable variation 

across the survey area with the exception of a single point-source anomaly (S1) situated 

to the left of centre of the 40m x 40m sample survey area, towards the eastern 

extremity of the in-filled pit (T4, T5) (Fig. 5b). Otherwise, typical values of magnetic 

susceptibility are relatively subdued and tend to fall between 0 and 7 SI units x 10E-5.  

 

Electrical Resistance 

The lower-resolution electrical resistance survey, employing a 1m electrode a-spacing, 

presents few details of archaeological note (Fig. 5c). The vertical north-south line in the 

northern sector (R1) of the sample survey area is likely to be an artefact of a 

mismatched edge between adjacent panels and this so is not of archaeological 

significance. Despite the generally mottled appearance of the image, higher values of 

electrical resistance (R2) tend to occur in the north-eastern sector of the survey area 

and these trend towards lesser resistance values to the south and east (R3). The lowest 

electrical resistance values occur at the eastern extremity of the image (R4), in the area 

corresponding with the in-filled, irregularly-shaped pit (T4, T5). Interestingly, the 

sediment-filled fosse defining the circuit of the 360m Enclosure presents no appreciable 

electrical contrast with surrounding soil and so has remained effectively invisible to this 

survey technique. 

The higher-resolution electrical resistance survey, employing a mobile electrode a-

spacing of 0.5m, displays considerably more detail that its 1.0m counterpart (Fig. 5d). 

The same overall trending in electrical resistance values, decreasing from east to west, 

is also evident but the irregular outline of the in-filled pit (T4, T5) is more clearly 

defined, in this instance, as an amorphous zone of lower resistance values (R5) 

indicative of an area of moisture retaining, less compact soil. This zone of lower 

resistance values is interspersed with a number of localised higher values (R6), perhaps 

representing some inclusion of harder, electrical resistive material within the earthen 

fill. Again, no trace of the line of the 360m Enclosure is evident in this survey image.  



 

Ground Penetrating Radar (GPR) 

The GPR survey has detected a number of sub-surface features which were also 

identified in the electrical resistance surveys but again, the fosse of the 360m Enclosure 

is notably absent (Fig. 6a). The outline of the in-filled pit (T4, T5, R4, R5) is particularly 

distinct as an amorphous zone of reflectance (GPR1) in contrast with the surrounding 

soils. Similarly, the line of the former field boundary (T2) displays a distinct linear 

anomaly running diagonally south-southwest/north-northeast across the centre of the 

image (GPR2).  

 

Fluxgate Gradiometry 

In contrast with the other geophysical techniques, the fluxgate gradiometer survey has 

exposed a variety of sub-surface features, many of which display no surface expression 

(Fig. 6b). A number of dipolar anomalies of various size and intensity (G1) are readily 

apparent in the resulting image. These probably represent dispersed pieces of iron lying 

relatively close to the ground surface. It is notable that a cluster of larger dipolar 

anomalies (G2) occur within the outline of the in-filled pit (T4, T5, R4, R5, GPR1) and it 

would seem that these are likely to be items of iron related to buried farm refuse 

referred to above. The single point-source anomaly noted in the magnetic susceptibility 

survey (S1) is also likely to be related to this same deposition of ferrous material. In this 

instance, the line of the fosse delimiting the 360m Enclosure exhibits a particularly 

strong negative-positive-negative magnetic signature, averaging 2.5m wide (G3). Four 

distinct zones of relict ridge-and-furrow cultivation (G4-7), displaying as alternating 

narrow bands of positive and negative magnetic gradient, are also readily visible in the 

gradiometry image and, unlike the enclosure fosse, these also display some surface 

expression (Figs 1 & 4). That within the confines of the in-filled pit is aligned 

southwest/northeast (G4) and is likely to represent an earlier phase of cultivation, 

which had been dug across the pit long before the more recent farm improvement 

works. The series of east/west cultivation ridges to the north of the pit (G5) appear to 

curve slightly north-northwest/east-southeast and continue unbroken across the line of 

the sediment-filled fosse representing the 360m Enclosure, despite the false impression 



that the stronger magnetic response of the fosse bisects that of the cultivation ridges. A 

similarly aligned pattern, oriented north-northwest/east-southeast, occupies the south-

eastern quadrant of the 40m x 40m survey area (G6). This also appears to traverse the 

underlying fosse before terminating abruptly along a linear feature (G7), representing 

the former field boundary (T2, GPR2), which runs tangential to and immediately west of 

the same fosse. A fourth zone of cultivation, aligned approximately east/west (G8), 

occupies the south-western corner of the survey area. Its eastern extent also stops 

abruptly to the west of the line marking the disused field boundary (G7, T2, GPR2) to 

the immediate west of the 360m Enclosure fosse.  

 

Discussion 

The combined photographic, topographical and geophysical imagery has revealed little 

new information concerning the nature of the 360m Enclosure. Neither has it identified 

the presence of an associated earthen bank, either internal or external to the silt-filled 

fosse. It is possible, however, that the back-filling of the enclosure fosse, the digging of 

later field boundaries, the repeated episodes of ridge-and-furrow cultivation, and the 

subsequent  farm improvement activities of the late twentieth century have effectively 

erased all surface traces of any associated earthwork(s), should any have existed. It is 

notable too that the 360m Enclosure was not detected in the GPR survey and so the 

dielectric contrasts between it and background soils must be negligible, suggesting that 

it is unlikely to be rock-cut at this point. 

Despite the lack of additional detail, the most compelling parallels for the 360m 

Enclosure remain the large hill-top earthwork enclosures with distinctive reversed 

ramparts that define the core ritual foci of the other ‘royal sites’ of Navan Fort, Tara and 

Knockaulin (Mallory 2000; Mallory et al. 1999; Newman 1997, 53-68; Roche 2002; 

Waddell et al. 2009, 191-193). Further field research, however, will be required to 

investigate this hypothesis more thoroughly. 

Similarly, on the basis of current evidence, it cannot be determined if the in-filled pit 

(T4, T5, R4, R5, GPR1) is a natural or artificial feature, or indeed if it is related to the so-

called ‘pit-field’ features discussed above.  



 

The combined survey results have demonstrated, however, that the zonation of spade-

dug cultivation pattern evident in the gradiometer image (G4-7) was not influenced by 

the underlying presence of the 360m Enclosure after all, despite assertions to the 

contrary in the interpretation of the previous, albeit lower-resolution, gradiometer 

survey undertaken as part of the ArchaeoGeophysical Imaging Project (Waddell et al. 

2009, 147, fig. 5.7). It seems likely, therefore, that much of the relict cultivation pattern 

was imposed on these fields at a time when significant parts of the 360m enclosure no 

longer displayed any appreciable surface presence. On the balance of probability, this 

last episode of spade-dug cultivation is possibly of post-medieval or early modern date. 

Indeed, it could date to as late as the 19th century, at a time when there was a greater 

population pressure on the land prior to the Great Famine (see, for example: Fenwick 

2017, 162).  

 

  



The Northern Enclosure sample survey area 

This 40m x 40m sample survey area was positioned over the low glacial ridge (T7) that 

extends from the north-eastern flank of Rathcroghan Mound (Figs 7 & 8). It was here 

that the sub-surface remains of the Northern Enclosure, interpreted as a large circular 

structure approached by a funnel-shaped approach avenue from the east, was revealed 

during the course of the ArchaeoGeophysical Imaging Project (Waddell et al. 2009, 154-

156). The renewed investigations of this monument undertaken by the 

ArchaeoGeophysical Field-school are significantly more wide-ranging and detailed than 

those applied previously. In this instance, the Northern Enclosure sample survey area 

employed the same suite of survey techniques and applied the same survey parameters 

as had been used over the 360m Enclosure sample survey area. The results of this field 

investigation are detailed below. 

 

Topography 

The low-altitude OSI vertical aerial photograph reveals a sizable rectangular pit (T8) 

situated a little northeast of centre of the 40m x 40m sample survey area (Fig. 4). This 

pit measured approximately 14m long and 4m wide and was aligned 

southwest/northeast. On the basis of morphology, it is likely to be an example of the 

‘pitfield’ features evident throughout the Rathcroghan area and discussed above. Similar 

to many equivalent pits, the aerial photograph does not record the presence of up-cast 

or an adjacent bank. The pit in question (T8) has since been in-filled as part of farm 

improvement works and displays only a low-relief surface presence today. 

The micro-topographical survey conducted in 2013 reveals a broad low ridge of ground 

(T9) aligned southwest/northeast, which straddles the centre of the survey area (Fig. 

7a).  It descends in a shallow gradient towards the northeast (from 145.4m to 143.4m 

OD), with the ground also falling away from its rounded ridge-summit towards the 

north-western and south-eastern quadrants of the survey area.  The ground exhibits 

some low-relief surface disturbance (T10) over the in-filled pit identified in the OSI 

aerial photograph (T8), which is also apparent as a low-relief feature in the SfM surface 

model, as is a smaller area of disturbance, perhaps part of an in-filled hollow to its 

southeast (T11).  The Northern Enclosure displays no apparent surface expression.   



Magnetic Susceptibility 

The range of magnetic susceptibility values across the Northern Enclosure sample 

survey area, like that of the 360m Enclosure are relatively subdued, typically ranging 

between 0 and 6 SI units x 10E-5, but there are also some notable exceptions (Fig. 7b).  

Two zones of significantly enhanced values occur in the north-eastern quadrant of the 

survey area. One of these (S2) correlates with the outline of the in-filled rectangular pit 

(T8). Within this zone of enhance values is a single point-source anomaly of 30 SI units x 

10E-5 (S3), which is likely to represent a piece of ferrous material. A second zone of 

enhanced susceptibility values (S4) encircling a cluster of several higher individual 

readings, in the order of 20 SI units x 10E-5 (S5), occur to the southeast of the in-filled 

rectangular pit in the area exhibiting some additional surface disturbance (T11).  

 

Electrical Resistance 

The lower-resolution electrical resistance survey, employing a 1m mobile electrode a-

spacing, displays few features of note (Fig. 7c). Marginally higher values of electrical 

resistance occur to the north, northeast and east (R8), with slightly lower values 

occurring at the base of Rathcroghan Mound (R9) and along the north-western flank of 

the low ridge (R10), at the south-western quadrant and western sector of the 40m x 

40m sample survey area respectively. A pocket of relatively low electrical resistance 

values (R11) corresponds with the in-filled rectangular pit (T8, T10 & S2), with some 

marginally higher values demarcating it southern edges (R12). 

The higher-resolution electrical resistance survey, employing an electrode a-spacing of 

0.5m, resolves some of the features identified in the lower resolution survey above and 

has also identified a few more (Fig 7d). Again, electrical resistance values trend 

marginally from lower to higher values along the axis of the ridge as it descends from 

southwest (R13) to northeast (R14). Similarly, somewhat higher resistance values occur 

to either side of the ridge-top summit, increasing towards the north-western (R15) and 

south-eastern (R16) corners of the sample survey area.  The in-filled rectangular pit 

(T8, T10, S2) registers as an elongated rectangular zone of low resistance values (R17) 

against a shadow of higher resistance values to its southwest and southeast (R18). A 

second amorphous zone of low resistance values (R19) occurs to the southeast of the 



rectangular pit, which seems to correspond with the area of secondary surface 

disturbance (T12) and its associated enhanced values of magnetic susceptibility (S4, 

S5). Additionally, it is possible to discern a very faint pattern of ridge-and-furrow 

cultivation (R20) preserved in the sub-surface soils as alternating striations of higher 

and lower electrical resistance aligned west-northwest/east-southeast across much of 

the survey area. The Northern Enclosure, however, is not evident in either of the 

electrical resistance datasets. 

 

Ground Penetrating Radar (GPR) 

On first impressions, the GPR survey appears to have identified the footprint of the 

Northern Enclosure as two narrow, closely-set, concentric, semi-circular reflectors 

occupying the western side of the 40m x 40m sample survey area (Fig. 8a). Projected as 

full circles, these have diameters in the order of 28m (GPR3) and 25m (GPR4) 

respectively. These circles begin to appear in depth-slices at approximately 0.5m below 

the current ground surface based on a calibrated velocity of 0.05m/ns. Curiously, 

however, these circles do not appear to align with the more distinctive penannular rings 

recognised in the gradiometer surveys undertaken by the ArchaeoGeophysical Imaging 

Project or the more recent ArchaeoGeophysical Field-school illustrated below (Fig. 8b) 

(Waddell et al. 2009, 154-156). The significance of this apparent misalignment will be 

addressed below.   

A couple of other features have also been identified in the survey, namely the large 

rectangular reflector (GPR5), coincident with the in-filled rectangular pit (T8, T10, S2, 

R11, R17) and a broad dark, slightly-curving, anomaly (GPR6), which traverses the 

western side of the survey area, north-northeast/south-southwest, and the north-

western part of the concentric semi-circular features (GPR3 & GPR4). As the full circuit 

of the semi-circular features (GPR3, GPR4) was not apparent in the GPR survey, the 

chronological or stratigraphic relationship between these and the in-filled pit (GPR5) 

could not be determined. The broad, dark anomaly (GPR6), however, emerges in the 

GPR time-slices at a higher level than the concentric enclosures (GPR3 & GPR4) but also 

continues to some depth below. It is likely, therefore, to represent a sediment-filled 

fosse, perhaps related to field sub-division or enclosure of more recent date. 



Fluxgate Gradiometry 

The interpretation of the earlier magnetometer survey, conducted by the 

ArchaeoGeophysical Imaging Project, had understood the Northern Enclosure to be 

composed of two widely spaced concentric penannular rings, c. 26m and 17m in 

diameter, with a clearly defined entrance portal and elongated funnel-shaped avenue 

facing eastwards (Waddell et al. 2009, 153-154, fig. 5.12). A third possible circle, 

misaligned with the other two, was also noted within the confines of the larger, which 

hinted at the possibility of other structural phases associated with the Northern 

Enclosure. The picture now beginning to emerge is significantly more complex. 

Without the benefit of scientific excavation or other corroborating evidence it can be a 

challenging task to establish a relationship, or chronological phasing, between 

individual or overlapping features based on geophysical imaging alone. The more recent 

detailed gradiometer survey of the Northern Enclosure sample survey area presents 

just such a conundrum, given the density and complexity of anomalies evident in the 

image (Fig. 8b). The task can be simplified, however, by firstly address those features 

that are clearly unrelated to the Northern Enclosure, in an attempt to isolate those 

features that more likely to be integral parts of it.  

The relict ridge-and-furrow cultivation pattern (G9) noted in the electrical resistance 

survey (R20), for instance, is readily apparent over the entire sample survey area as 

alternating bands of positive and negative magnetic gradient aligned west-

northwest/east-southeast, with the exception of that to the immediate east of the 

Northern Enclosure. Set orthogonal to this cultivation pattern and appearing to 

interrupt it, is a linear anomaly (G10), which transects the south-eastern quadrant of 

the Northern Enclosure (see also; Waddell et al. 2009, 155, Fig. 5.13). It is possible that 

this represents a disused boundary broadly contemporary with the cultivation pattern.  

It is notable too that the in-filled rectangular pit (T8) displays three particularly 

pronounced dipolar anomalies (G11), which are likely to be related to ferrous material 

buried as part of farm improvement works. Such is the strength of their magnetic signal, 

that all other lesser magnetic features in their immediate vicinity appear to have been 

entirely overwhelmed in their presence.  The circuit of the Northern Enclosure, 

therefore, if not intersected by the digging of the pit, have been rendered effectively 



invisible by the magnetic signature of the pit contents. As one might expect, these 

dipolar features also broadly correlate with the zone of enhanced magnetic 

susceptibility values (S2, S3) noted above.  

In addition, a broad band of positive magnetic gradient (G12) can be observed 

traversing the centre of the survey area, northwest/southeast, and across the north-

eastern half of the Northern Enclosure. This appears to represent the arc of a sediment-

filled fosse, part of a putative enclosure broadly concentric with the 360m Enclosure. 

Projected as a full circle, it would circumscribe an area in the order of 160m in diameter, 

including Rathcroghan Mound, situated to the east of its centre (Fenwick 2018, 77). 

Whether this sediment-filled fosse (G12) pre-dates or post-dates the Northern 

Enclosure, however, cannot be determined on the basis of current evidence.  

The remaining series of features, composed primarily of annular, arcuate and other 

more amorphous, magnetic anomalies are likely to be related to the various 

archaeological components, or phases of construction, of the Northern Enclosure. The 

concentric semi-circular reflectors noted in the recent GPR survey (GPR3 & GPR4) 

exhibit a very faint magnetic expression in the high-resolution gradiometer image (G13; 

G14), which had not been identified in previous geophysical surveys. As noted above, 

these newly recognised circles, measuring c. 28 and 25m in diameter respectively, are 

clearly misaligned with the concentric penannular rings (G15 & G16) which are more 

visibly prominent in the magnetometer images, old and new. These penannular rings 

(G15 & G16) also share a different centre point some 3m to the west of the newly 

identified circles (GPR3 & GPR4, R13 & 14).  

The penannular rings also display a greater degree of detail in the high-resolution 

magnetometer survey (Fig. 8b). In this instance, the larger of the two rings (G15) is c. 

26m in diameter and the smaller, seemingly composed of a series of discrete contiguous 

anomalies (G16), approaches 18m in diameter. Both circles display distinctive, 

corresponding gaps, punctuated by elaborated terminals (G17) at their eastern sectors. 

These gaps, it would seem, represent a formal entrance-portal approached via the 

elongated funnel-shaped avenue from the east. 

The northern and southern arms of the funnel-shaped avenue (G18 & G19), each of 

which is composed of parallel, double-lineaments of positive magnetic gradient set c. 



3m apart, appear to curve inwards to attach to the north-eastern and south-eastern 

quadrants of one or perhaps a number of successive iterations of the Northern 

Enclosure. Given the eastern-facing entrance and axial symmetry of the approach 

avenue, however, it seems more likely these join to the larger penannular ring (G15), 

although this is by no means clearly evident in the gradiometry image.   

In addition to the two sets of concentric circular and penannular features described 

above (GPR 3 & GPR 4; G13 & G14; G15 & G16), a number of other arcuate features 

(G20) can also be identified in the gradiometry image, each of which could represent the 

sub-surface survival of still more intersecting and overlapping circular enclosures. 

Moreover, a cluster of amorphous magnetic anomalies (G21) also occur within the 

central knot of circular features, which might be related to structural components or 

activities associated with any one, some, or perhaps all of these potential enclosures.  

It would seem, therefore, that the results of the suite of high-resolution geophysical 

surveys conducted over the Northern Enclosure 40m x 40m sample survey area has as 

much confounded as clarified the archaeological picture. At the very least it presents a 

considerably more complex picture than had at first been envisaged, but given its 

context as an integral part of the ceremonial focus of one of Ireland’s major ‘royal sites’, 

this is not entirely unexpected.  

 

Discussion 

The nature or origin of the in-filled pit (T8, T10, S2, S3, R11, R17, GPR5, G11) has not 

been resolved by the geophysical surveys. It may very well be the case – given the 

general lack of up-cast material – that these pits are the result of localised subsidence 

above a linear solution hollow or grike in the natural limestone, rather than the result of 

digging. In the absence of an alternative means of investigation, it is likely that 

archaeological excavation will be required to resolve this issue. 

It is apparent, through close examination of the combined geophysical survey results, 

that the complexity of overlapping, sub-surface features comprising the Northern 

Enclosure are not that of a single composite structure, but represent instead a 

succession of large circular structures that were built and rebuilt over a number of 



generations on the shoulder of the low glacial ridge extending from the north-eastern 

flank of Rathcroghan Mound. Several potential phases of construction can be inferred, 

each of which arguably represent various iterations of the same functioning structure 

over time.  

Despite the later superimposition of ridge-and-furrow cultivation (R20, G9), which will 

have truncated or erased all near-surface archaeological features, the various circular, 

arcuate and penannular anomalies revealed in the GPR and gradiometer surveys are 

likely to represent the relatively undisturbed foundation footings of a number of large-

scale, timber structures. Other than the series of circular enclosures revealed through 

the work of the ArchaeoGeophysical Imaging Project on the summit of Rathcroghan 

Mound, perhaps the best archaeological comparisons to the series of enclosures that 

constitute the Northern Enclosure can be found at the other major ‘royal sites’ of Navan 

Fort, Co. Armagh, Knockaulin, Co. Kildare, and Tara, Co. Meath (Waddell et al. 2009, 156-

178, 191-195; Fenwick 2018a, 40-41; Fenwick 2018b, 70-74). In addition, individual 

structures and features unearthed at Raffin Fort (SMR: ME011-040), 3.5km south-

southwest of Nobber in Co. Meath, and Lismullin timber circle (SMR: ME032-062), 2km 

to the northeast of the Hill of Tara in Co. Meath, also provide some compelling parallels 

(Newman 1995, 55-65; O’Connell 2013, 61-84).   

It must be conceded that the concentricity of isolated individual circular features noted 

in geophysical imagery does not necessarily indicate that these form composite parts of 

the same structure. In the case of the Northern Enclosure, however, there is a distinct 

probability that some do, or at least it suggests that such concentric features are likely 

to represent evolving, closely-consecutive, phases of the same core structure (see, for 

example, Lynn 1997a, 147-159).  

The concentric circular features noted in both the GPR and gradiometer surveys (GPR 3, 

G13 and GPR4, G14), for instance, are likely to represent a pair of narrow, relatively 

closely-set slot-trenches. It is possible too, that some of the discrete reflectors evident in 

these slot-trenches could represent individual packing stones which once supported 

post or plank uprights. Similarly, the outer and inner concentric penannular rings (G15 

& G16) possibly constitute a narrow foundation trench and closely-set post-pit circles 

respectively. Additional arcuate (G20) and amorphous magnetic anomalies (G21) noted 



above, can also be interpreted as foundation-trenches/pit circles and pits respectively. 

The northern and southern arms of the funnel-shaped avenue (G17 and G18) are also 

likely to represent pairs of parallel, sediment-filled, slot-trenches, which have been dug 

directly into the subsoil. Interestingly, the northern and southern arms of the funnel-

shaped approach avenue seem to exhibit a very faint topographical expression (T12) in 

the SfM surface model and there is also some indication of a low-relief, elongated 

‘hollow way’ (T13) leading directly towards the entrance portal (G17) of the Northern 

Enclosure (Fig. 9). 

The deliberate axial symmetry of the concentric penannular enclosures with elaborate 

entrance portal placed centrally at the apex of the funnel-shaped approach avenue also 

suggests a single or broadly contemporaneous phase of building works, each element of 

which required careful forethought and planning. The foundation plan alone asserts a 

degree of design sophistication above the ordinary, with the clear objective of creating, 

it would seem, a visually imposing monumental structure. We may never know for sure, 

however, what form of superstructure these foundations once supported or, indeed, the 

finer details of its furnishing, fixtures or decoration.  

Although lacking figure-of-eight enclosure configurations, the scale, form and layout of 

the various geophysical features comprising Rathcroghan’s Northern Enclosure 

compare remarkably well with the complexity of overlapping concentric ring-slot and 

post-pit enclosures representing Iron Age phases 3(ii-iii) unearthed at Navan Fort site B 

(Lynn 1997b, 14-33; Warner 1997, 185-190; Bayliss & Grogan 2013, 117-129). In this 

instance, the southern ring-slots ranged from 10m to 13.5m in diameter and its 

northern equivalent 20m to 25m in diameter. Here too, both southern and northern 

ring-slot enclosures present eastern facing entrances, with the latter approached via an 

eastward-facing funnel-shaped avenue.  

Similar comparisons can be drawn between the Northern Enclosure and the various 

concentric and overlapping circular wall-trenches of Navan Fort site A; phase B of which 

has a north-eastern facing entrance (Lynn 1997c). The sub-surface circular components 

of Navan Fort Site C, which were initially discovered through geophysical survey and 

subsequently excavated, also provide some convincing parallels in terms of form, layout 

and detail (Lynn 2000; Lynn 1997c, 127-135; Kvamme 1996, 65-88). 



The ‘white’ phase and ‘rose’ phase structures unearthed on the summit of Knockaulin 

also compare well with the multiple enclosures of the Northern Enclosure (Johnston & 

Wailes 2007, 10-16, 177-182; Bayliss & Grogan 2013, 129-134). The ‘rose’ phase 

features, broadly equivalent to the figure-of-eight structures of Site B at Navan Fort, are 

also composed of a larger set of concentric circular timber palisades conjoined at its 

south-southwest to a smaller set of concentric ring-slots, termed ‘the annexe’. 

Collectively these represent a number of phases of building construction. The largest 

ring-slots composing the larger and smaller conjoined circles measure some 38m and 

21m in diameter respectively. Both enclosures have east-north-eastern-aligned 

entrances, the larger (northern) of which is approached via a funnel-shaped avenue also 

oriented east-northeast (Johnston et al. 2009, 388-398). It is interesting to note, too, 

that this avenue is aligned on an ancient roadway, which exhibits a slight topographical 

depression as it ascends the hilltop towards the ‘rose’ phase palisaded enclosure. 

The multiplicity of Iron Age (Phase 2) palisade enclosures exposed during the course of 

the excavation of the Rath of the Synods, on the Hill of Tara, can also be compared with 

the various rings comprising of the Northern Enclosure (Grogan 2008, 16-34, 144-146; 

Fenwick 2011, 280-285). Although of considerably larger scale, these share certain 

morphological characteristics, most notably the presence of multiple, closely-set, 

concentric and overlapping slot-trench foundations. 

In addition to the ‘royal sites’ some comparisons can also be made to some potentially 

Late Bronze Age/Early Iron Age features excavated at Raffin Fort, most notably Building 

A, a double slot-trench enclosure, 12.5m in diameter, with south-eastern-facing 

entrance (Newman 1995, 61-63). Likewise, the Early Iron Age timber circle unearthed 

at Lismullin in advance of the construction of the M3 motorway to the east of the Hill of 

Tara was composed of two closely-set concentric rings of post-holes, 80.5m and 76.7m 

in diameter, with a centrally-placed inner ring, consisting of closely-spaced post-pits, 

some 16m in diameter (O’Connell 2013, 61-84). In this instance, an easterly aligned 

avenue defined by two approximately parallel rows of stake-holes extended from an 

elaborated entrance structure in the larger enclosure to join to the smaller internal 

circular enclosure. 



The original use and function of the Northern Enclosure throughout its multiple 

regenerations is open to a number of possible interpretations. Given its context as an 

integral part of Rathcroghan’s focal archaeological complex, a ritual or ceremonial role 

might seem to be particularly apt but other alternatives are also possible.  

Excavated artefact and faunal evidence from phase 3(ii-iii) contexts of Navan Fort site B, 

for instance, suggests that these conjoined enclosures represent the footprint a high-

status, perhaps royal, residence occupied over a number of generations (Lynn 1997d, 

213-214). One scenario proposes that the smaller southern ring slots represent a 

relatively large, roofed domestic dwelling with the attached northern ring-slots 

functioning as unroofed corrals relating to the management of livestock and wealth 

administration. It should be noted, however, that a ceremonial function for these 

structures, particularly in the light of subsequent activity on site, has not been 

dismissed and so this must also remain a possibility (Lynn 1991, 54-55).  

Similarly, the conjoined ‘rose’ phase enclosures of Knockaulin have not been definitively 

proven as either ceremonial or domestic in nature. Indeed, Wailes (1990, 19) did not 

envisage that these enclosures were originally roofed and so, on this basis, it is difficult 

to interpret them as residential. With this in mind, an open-air ritual or ceremonial 

function has been tentatively proposed for these enclosures (Johnston & Wailes, 2007, 

24).  

The phase 2 foundation slot-trenches unearthed at the Rath of the Synods, like those of 

Navan Fort and Knockaulin, appear to be sequential in nature and, on account of the 

apparent lack of internal features, it is suggested that these were also unroofed and so 

unlikely to be domestic structures (Grogan 2008, 32-34). Finds were relatively few and 

un-diagnostic but, on the basis of comparative evidence, it was tentatively proposed 

that the enclosure dates from around 100BC or shortly thereafter. A subsequent 

examination of a number of radiocarbon samples, however, suggest that these date to 

the early centuries AD (Bayliss & Grogan 2013, 110-116). 

The absence of habitation material related to Raffin Fort Building A does not necessary 

preclude this possibility but neither does it confirm a purely ceremonial function 

(Newman 1995, 63). Likewise, the concentric enclosures at Lismullin, can be 

interpreted as either domestic or ceremonial in nature, but again on the basis of 



comparative archaeological evidence, a ceremonial purpose has been postulated 

(O’Connell 2013, 83-84; 85-108).  

The geophysical surveys of the Northern Enclosure provide no definitive answers to the 

nature of its function either. It may be noteworthy, nonetheless, that there is no 

enhancement of magnetic susceptibility values evident within the knot of enclosures 

suggesting that there are no significant residues related to intensive burning in the 

surface soils that might be indicative of a domestic hearth, industrial activity or indeed, 

ritual involving fire or burning (Fig. 7b). Excluding those anomalous magnetic 

susceptibility readings (S2 & 3) over the in-filled rectangular pit (T8), the cluster of 

several enhanced readings (S4 & S5) situated immediately to the northeast of the 

enclosures (GPR 3 & 4, G13-16, G20), however, might very well relate to an episode of 

intensive burning. The fact that these are coincident with some surface disturbance 

(T20) and do not appear to have been significantly dispersed in the topsoil, though, 

might suggest that this is related to a more recent, perhaps modern, episode of activity, 

such as a field clearance fire or festive bonfire. 

 

  



Summary and Conclusions 

The electromagnetic conductivity survey undertaken in the fields surrounding 

Rathcroghan mound succeeded in mapping the variable depth of soils and glacial 

sediments across the site (Fig. 2). In lower-lying areas in particular, these amount to 

little more than a thin veneer of soil concealing the underlying bedrock. It is a distinct 

possibility, therefore, that some archaeological features, most notably the fosse of the 

360m enclosure, is rock-cut in places.  

It was hoped that the suite of geophysical techniques deployed over part of the 360m 

Enclosure might elucidate some additional details relating to its fosse or possibly 

identify the remains of sub-surface bank material but the survey results proved to be 

inconclusive in this regard (Figs 5 & 6). Although the fosse exhibits a particularly 

distinct magnetic response, this same feature has remained effectively invisible to 

electrical resistance and GPR survey techniques; an indication that there are no 

appreciable electrical contrasts between its sediment fill and that of the surrounding 

soil. If anything, this suggests that the fosse is unlikely to be rock-cut at this point. The 

combined survey results, however, did succeed in resolving some questions related to 

later episodes of spade-dug cultivation whose pattern appears, after all, not to have 

been influenced by the presence of the underlying fosse. This last episode of cultivation 

is likely to be early modern or very possibly 19th century in date and imposed at a time 

when the 360m Enclosure no longer presented a topographical presence at this point in 

its circuit. The survey also appears to confirm the anecdotal evidence of more recent 

farmland reclamation activities of the later twentieth century. 

The results of the Northern Enclosure sample survey area, however, provided a wealth 

of new detail and some unexpected surprises. It is readily apparent that the complexity 

of overlapping, sub-surface annular and arcuate features are not that of a single 

composite structure, but instead represent several phases of construction, each 

representing the footprint of a large-scale circular timber structure erected and 

replaced over a number of generations on the shoulder of the low glacial ridge 

extending from the north-eastern flank of Rathcroghan Mound. The deliberately 

prominent location of this succession of circular structures, roofed or unroofed, and the 

tendency towards axial symmetry aligned on an eastward-facing funnel-shaped 



approach-avenue invest this structure with a purposeful monumentality above the 

ordinary (Waddell et al. 2009, 193). Although free-standing, it appears to have been 

carefully integrated into the complexity of extraordinary structures and earthworks 

that once constituted Rathcroghan’s focal ritual complex.  Many of the more ephemeral 

surface features have long since disappeared. Others display little or no surface 

expression but remain preserved in the undisturbed sediments beneath the overprint of 

successive centuries of cultivation and farmland improvement (Waddell et al. 2009, 

191-195). Given the context, it is little wonder that the best archaeological parallels for 

the Northern Enclosure, the 360m Enclosure and the various monumental structures 

built on the summit and subsumed deep within the core of Rathcroghan Mound can be 

found among the major ‘royal sites’ and some other related sites of Iron Age date on the 

island of Ireland (Fenwick 2018a; Fenwick 2018b; Bayliss & Grogan 2013).  

The programme of non-invasive, archaeological and geophysical research conducted at 

Rathcroghan has produced some remarkable results since the inception of the 

ArchaeoGeophysical Imaging Project in 1994 and the unfolding exploration of its ritual 

landscape will undoubtedly continue to yield more archaeological discoveries in the 

years to come. This landscape has also proven to be the ideal outdoor laboratory in 

which to teach, test and experiment with new survey instrumentation and innovative 

archaeological methodologies. Geophysical survey alone, however, is constrained by its 

limitations and despite ever more detailed investigations, such endeavours are subject 

to the laws of diminishing returns. Given the wealth of accumulated information 

currently available to us, however, the next logical step in the research of Rathcroghan 

is a targeted programme of scientific excavation.  In addition to providing clarity to 

unresolved questions and a means to test the veracity of the various geophysical 

interpretations, it will also provide the necessary dating evidence required to place the 

various archaeological facets of the Rathcroghan landscape into their correct 

chronological context. This, in turn, will permit a broader scope to evaluate the evidence 

and provide an informed means to compare and contrast this evidence with its 

equivalent at the other ‘royal sites’, all of which, in recent decades, have been the focus 

of scientific survey and archaeological excavation to a greater or lesser degree.  

The success of previous field research, the purpose-built Rathcroghan Visitor Centreiii 

and the establishment of Farming Rathcroghan Projectiv in 2018 has been instrumental 



in raising awareness of Rathcroghan in the public consciousness and reignited the local 

community’s pride in its rich archaeological, cultural and farming heritage. The next 

phase of NUI Galway’s research initiatives, like those of previous campaigns, will 

actively engage with landowners and the local community with the objective of delving 

a little deeper into Rathcroghan’s exceptionally fertile archaeological, historical and 

literary legacy.   
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Figures and Captions 

 

Fig. 1 A structure-from-motion (SfM) photogrammetric surface shaded model of 

Rathcroghan mound and environs with the 360m Enclosure and Northern Enclosure 

40x 40m sample survey areas marked in outline as white squares. (Topographical SfM 

model reproduced by kind permission of Gary Dempsey and Paul Naessens ©). 

 



 

Fig. 2  The electromagnetic conductivity (EMC) survey displayed as a grey-scale image 

against a backdrop of the SfM surface shaded model. The outlines of Rathcroghan 

mound and the 360m Enclosure are marked with black circles, the 360m Enclosure and 

Northern Enclosure sample survey areas are marked with white squares and the 

extended Electrical Resistivity Tomography/GPR transect line is marked with a grey 

line (Topographical SfM model reproduced by kind permission of Gary Dempsey and 

Paul Naessens ©). 

 



 

Fig. 3  A 334m-long Electrical Resistivity Tomography (ERT) profile, employing a 2m 

electrode a-spacing, aligned east-southeast to west-northwest across the centre of 

Rathcroghan Mound and the fields to either side. 

 

 

 



 

Fig. 4  An Ordnance Survey or Ireland (OSI) low-altitude, black & white, vertical aerial 

photograph of Rathcroghan mound and environs taken in the 1970s with the outlines of 

the 360m Enclosure and Northern Enclosure 40m x 40m  sample survey areas marked 

with white squares. Selected topographical features been annotated for the purposes of 

cross-referencing with the text (Photographic image reproduced by permission of the 

Ordnance Survey of Ireland © OSI, Permit No. 9222).  



  

  

 

Fig. 5  The 360m Enclosure 40m x 40m sample survey area 

a  topographical survey  

b  magnetic susceptibility survey 

c electrical resistance survey (1m electrode a-spacing) 

d  electrical resistance (0.5m electrode a-spacing) 



 

 

 

Fig. 6  The 360m Enclosure 40m x 40m sample survey area 

a  ground penetrating radar (GPR) survey 

b  fluxgate gradiometer survey 



  

  

 

Fig. 7 The Northern Enclosure 40m x 40m sample survey area 

a  topographical survey  

b  magnetic susceptibility survey 

c electrical resistance survey (1m electrode a-spacing) 

d  electrical resistance (0.5m electrode a-spacing) 

 



 

 

 

Fig. 8  The 360m Enclosure 40m x 40m sample survey area 

a  ground penetrating radar (GPR) survey 

b  fluxgate gradiometer survey 



 

Fig. 9 A structure-from-motion (SfM) photogrammetric surface shaded model of the 

area centred on ‘Northern Enclosure’ and its eastern facing funnel-shaped approach 

avenue. The concentric circles identified in the GPR and fluxgate gradiometer surveys 

have been highlighted as white circles and the penannular rings and arms of the funnel-

shaped avenue noted only in the gradiometer survey have been highlighted with black 

circles and grey lines respectively. (Topographical SfM model reproduced by kind 

permission of Gary Dempsey and Paul Naessens ©). 

 

 

 

 

 

 



                                                             
i The Connacht Project is an inter-disciplinary and collaborative research initiative led the School of 
Humanities and the School of Geography and Archaeology, NUI Galway. For further details see:  
https://www.nuigalway.ie/colleges-and-schools/arts-social-sciences-and-celtic-studies/geography-
archaeology/disciplines/archaeology/research/ireland-atlantic-europe/the-connacht-project/. Accessed 
9 October 2019. 

ii The Rathcroghan Field Systems Survey, which has been partly-funded by the Department of Culture, Heritage 
and the Gaeltacht through the Royal Irish Academy grants scheme, is a project dedicated to the collection of 
various digital data sources towards the creation of an interactive map for the purposes of visualising in detail 
the extensive ancient field systems and associated archaeological monuments that comprise the greater 
Rathcroghan landscape. As part of this work, a detailed topographical survey over several square 
kilometres of the Rathcroghan Landscape was completed in 2017 by Gary Dempsey (DH_Age) and Paul 
Naessens (Western Aerial Survey and Photography Services) using UAV-acquired georeferenced ortho-
photography. See: https://www.digitalheritageage.com/rathcroghan3d-1/2017/5/21/rathcroghan-field-
system-survey-data-collection. and http://www.westernaerialsurvey.ie/ Accessed 22 October 2019. 

iii For further details on the Rathcroghan Visitor Centre see: https://www.rathcroghan.ie/ Accessed 22 October 
2019. 
 
iv Farming Rathcroghan: Sustainable Farming in the Rathcroghan Archaeological Landscape was awarded 

a 5-year grant amounting to €984,000 by the European Innovation Partnership for Agriculture 

Productivity and Sustainability (EIP-AGIR) through the Department of Agriculture, Food and the Marine 

in 2018. This project will formulate, test and develop a suite of innovative management solutions 

designed to sustain a viable and vibrant rural farming community in the context of a culturally and 

ecologically sensitive landscape. In so doing, the project aims to raise awareness among the general 

public of the significance of Rathcroghan as a farmed archaeological landscape and promote the proactive 

role of farmers and farming in the care and maintenance of the living landscape in harmony with its rich 

cultural heritage and ecological assets. For further details see: https://www.nationalruralnetwork.ie/eip-

agri/ and https://ec.europa.eu/eip/agriculture/ Accessed 22 October 2019 

 

 

https://www.nuigalway.ie/colleges-and-schools/arts-social-sciences-and-celtic-studies/geography-archaeology/disciplines/archaeology/research/ireland-atlantic-europe/the-connacht-project/
https://www.nuigalway.ie/colleges-and-schools/arts-social-sciences-and-celtic-studies/geography-archaeology/disciplines/archaeology/research/ireland-atlantic-europe/the-connacht-project/
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