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Abstract The desktop study of geology, past land-use and recent surveys is essential 

in planning the search for buried items, as it provides information on ground 

conditions and may explain anomalies. In the first case study, a geophysical search of 

waste ground in West Belfast (N.Ireland) identified two anomalies that on excavation 

were recovered as human skeletal remains. A desktop study that included Ordnance 

Survey maps and memoirs, showed the location to have been next to a Jewish 

cemetery (1901-1920), providing a reason for the human remains to be present. In the 

second case study, legal action was undertaken because a football ground suffered 

continual flooding. A desktop study preceded a geophysical survey that showed how 

the area was a former industrial works, infilled with sand, but poorly drained, creating 

a ‘bowl’ into which urban drainage flowed, causing the flooding. The context of land 

use change is an example of how useful such combined geological and historical 

studies can be, (using spatial digital data in a GIS), regardless of the age of an 

object/area of potential forensic interest. A full desktop study should be carried out 

prior to any field survey, to limit the chances deploying incorrect search assets and 

misinterpreting discoveries. 

 

<Text starts here> 

The need for a desktop study of available data at the initiation of a search for buried 

objects is often implicit (Killam, 2004; Pringle et al., 2012; Donnelly & Harrison, 2013; 

Hunter et al., 2013), if not always comprehensive in content. A desktop study is 

commonly referred to as desktop research, or in the pre-digital era as literature 

research, and collates what data is already available for an academic or investigative 

problem. For forensic-based searches and excavations, Donnelly & Harrison (2017, 

p.107) state that ‘a desk study allows all materially relevant data and information, 

and case intelligence, to be collated and analysed. As a minimum this should include 
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the analysis of geological maps, memoirs, reports and publications’. In this work, we 

outline why the desktop study should include geological information, as highlighted 

by Donnelly & Harrison (2017), but should also include topography and  historical 

maps. Such a background study can inform search personnel of ground conditions, 

and thus appropriate investigative methods, especially geophysics. The two case 

studies used in this work also demonstrate how a desktop study can assist in 

explaining what was found, before, during and after a search. A desktop study is 

standard practice in all ground investigations, as no survey can hope to reproduce 

the accumulated knowledge of previous work: over-reliance on historic data can also 

prove dangerous and thus a blend of data is reviewed, tested by on-the-ground 

surveying. Engineering, search-and-rescue and environmental surveys generally 

follow a hierarchical system that encompasses the inter-related datasets of: solid 

geology; drift geology; soils; land cover analysis; historical changes in land use 

(mapped, documented or anecdotal); remotely-sensed changes in land use and 

visual observations prior to on the ground work. A geoscience-based desktop study 

for criminal investigations (refined from Harrison & Donnelly, 2017; outlined in this 

paper), feeds into police intelligence briefings, behavioural profiling, detectability, 

diggability, the production of a conceptual geological model and eventually a search 

strategy. 

 

A search for buried item(s) is often initiated as the result of intelligence, which by 

inference becomes part of the desktop study. With this, an area is defined, and a 

target considered (e.g. makeup, depth of object, time since burial/incidents). 

Following this, a number of data sources may be mined for use in the desktop: these 

are outlined in Table 1 (below). 

 

•Solid geology 

•Drift (or surficial) geology 

•Soils 

•Past land-use – agricultural – urban – industrial 

•Recent land-use (satellite, aerial imagery) 
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•Reports (planning, geotechnical, exploration, archaeological, local history) 

•Anecdotal information 

•Walk-over or fly-over 

Table 1. Typical elements that maybe considered in a pre-search desktop study. The 

order in which such data maybe presented may vary, but typically constitutes this 

table. 

 

Solid geology may influence the topography of an area (generally, hard rocks form 

upstanding ground with thin soils; soft geology can be low ground with thicker drift 

deposits and soils), as well as containing rocks that may influence the choice of 

geophysical devices used (e.g. magnetic rocks maybe detrimental to the use of 

magnetometers; damp, clay-rich sediments can hinder using ground penetrating 

radar). Environmental surveys, such as agricultural land-use and vegetation are critical 

for assessing environmental impacts; changes to the ‘natural’ vegetation and (as 

above), choosing ‘fit for purpose’ search assets (ground searches, geophysics, search 

dogs, soil/water sampling). Historical maps provide both general context concerning 

how land use has changed, alteration to field boundaries, urbanisation, 

forestry/deforestation, but may also indicate the presence of subsurface 

feature/objects that could be mistaken for forensic targets in a search for buried 

objects.  

 

Case Study 1: Human Remains Discovered During a Survey for a Construction Works 

Background 

An area of waste ground was due for redevelopment as a children’s play park in an 

area of West Belfast in 2008. The location is adjacent to a Medieval ring fort, was 

occupied by the British Army in the early 1970’s and was locally known as a place Irish 

Republican terrorists would later (early 1980’s although exactly when is not known) 

buried weapons. For all of the above reasons, a police line fingertip search was 

conducted and some spent ordnance and human bones (phalanges) were recovered. 

This prompted a geophysical survey of a small area (appx. 15m x 25) of remaining 

undisturbed ground using electro-magnetics (using an EM28, by Geonics Ltd) and 

ground penetrating radar (GPR) using a GSSI 225MHz shielded sled-based system. The 
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GPR identified an anomaly (Fig. 1) identified as human skull found buried in mixed 

loam and dry clay soil. The site had remained derelict since 1980, when a British Army 

Camp (erected in 1973) was dismantled. At the time of finding, no other historical use 

for the ground was known. A civic cemetery exists close to the site (described fully 

below). The problem of ‘Disappeared’: victims of Northern Ireland’s ‘Troubles’ (1969-

2000) raises interest in human remains in such settings, as a victim of paramilitaries, 

or the British Army, or of planted evidence. Upon discovery, the police informed the 

Coroner, as the skull appeared fresh, although no hair or soft tissue remained. Both 

agreed that any further remains should be recovered in case they provided 

anthropological information on cause of death. The authors and a police search team 

met on the site and agreed that searching clay soil that had been extensively reworked 

by builders and vehicles in areas already under development, with some rubbish 

present and a drainage pipe already in place, would be a costly and major challenge. 

Their combined recommendation was to have the skull dated before any search was 

undertaken: if the skull was within the 70-year cut-off for UK homicide investigations, 

a full forensic search would be initiated. If older, then human remains would be 

recovered by archaeologists during building works, but not as part of a homicide 

investigation, unless new excavated human remains or dated objects suggested 

otherwise. Uranium series dating was agreed to be undertaken by Reading University 

(results not part of this paper), with a time of one week envisaged for the production 

of results. As a training exercise in the deployment of a desktop study, georectified 

historical maps were retrieved and analysed, as described in Dupras et al. (2006);  

Hunter & Cox. (2005) and Hunter et al. (2013). The process of digitisation and 

rectification requires at least three elements of an historic map be located with regard 

to modern spatial information, be this latitude and longitude or the local national grid. 

In our maps, a roughly N-S elongate strip of 30m x 60m (the extent of the proposed 

excavation) was located on each map or aerial image. 

 

Desktop Study of the Location 

 

Solid, Drift Geology and Soils 
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Any desktop study is best begun with examination of local geology and overlying soils. 

The most relevant source for this study is the 1:25,000 Geology of Belfast and District 

(Bazley & Manning, 1971), which shows the location under investigation as underlain 

by Triassic mudstones, with sandstones as bedrock 100m to the southeast (Fig. 2a): 

both are intruded by later (Palaeogene) NW-SE trending basalt and dolerite dykes (Fig. 

2a). These bedrock geological units are overlain by glacial till of unknown thickness: 

this published geological map (Bazley & Manning, 1971) shows bedrock at surface 

north and south of the study location, probably as subsurface upstanding areas 

surrounded by till. Such protruding bedrock may have a steep subsurface relief, 

allowing for tens of metres of till to exist in between, or be subtle features with thinner 

till cover. During the site visit, only red clay was observed, which could be till and/or 

weathered Triassic mudstone. Soils of the area are classified as urban (Bazley & 

Manning, 1971) and comprise made ground, imported materials and vegetated till-

derived soil and mudrock. It is possible that such an upstanding area of solid geology 

(mudstone) underlies the site (as it later became a fortified structure), since levelled. 

 

First Edition (1832) Ordnance Survey 

Figure 2b shows the first Ordnance Survey map of the area under consideration 

(marked as indicated above, a north – south red rectangle), which from historical 

records (Hartley, 2006) was surveyed in the 10-12 years previous to publication, 

although the frontispiece to Day & McWilliams (1990) indicates that minor graphical 

changes were made to areas surrounding Belfast immediately prior to publication of 

the map, such was the expansion of the early Victorian conurbation at this time. The 

area in question was bounded by roads (probably rough tracks at this time) and fields 

with no ornament, meaning they were likely rough grazing. The area excavated some 

180 years later for this survey, was in 1832 mapped as a circular fort. This is likely a 

Rath or ring fort with earthen embankments, but this cannot be proven as all trace of 

this structure have been removed, as described below. A trig point of 157 feet was 

taken in this fort. 

 

Second Edition (1857) Ordnance Survey 
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Twenty years after the First Edition mapping (Fig. 2b., above), only minor changes to 

land use are in evidence (Fig. 2c), with an east – west road to the northwest of the site 

vanishing, a tree-lined field boundary and trackway to the east appearing and some 

of the works (bleach yard, part of the Belfast and Irish linen industry of the 1700-

1800s: see Boal & Royle, 2006) changing their shape and number of buildings (Fig. 2c). 

The road to the south and west of the site now forms part of the municipal boundary 

of Belfast City: the ring fort is still mapped with the 157-foot trig point still in evidence. 

The changing use of the fields to the south, from cultivation (probably the flax plant, 

Linum usitatissimum) in 1832, to the works only in 1857, may reflect the demise of the 

flax industry in this area, as urban expansion occurred and other industries in Belfast 

such as shipping and other engineering took prominence (Boal & Royle, 2006). 

 

Third Edition (1901) Ordnance Survey 

A significant change to the surrounding area (if not the site itself, with a trigonometric 

point of 150 feet) occurred in the 40 years between publication of the Second (1857) 

and Third (1901) series of maps (Fig. 2d), most critically the layout to the south of the 

site of the Belfast Cemetery, with ‘Lodge’ immediately to the south of the site, and 

‘Jewish Burial Ground’ to the southwest. The ground was purchased by the Belfast 

Corporation in 1866 (Hartley, 2006) and was developed from the Falls Road to the 

south and southwest of the site (the road from ‘Tramway’ to ‘Rock’ on Fig. 2d), 

inwards to the west, with burial activity initially concentrated in the southeast corner 

of the Falls and Whiterock roads (location of ‘Mortuary Chapel (Undemoninational)’ 

on Fig. 2d) and at the ‘Lodge’ mentioned above, at the northern side of the cemetery 

grounds (Hartley, 2006).  

 

Fourth and Fifth Editions (both 1920) Ordnance Survey 

These editions were updated for other areas of the City of Belfast through 1920, but 

not the study area, so only the Fifth Edition is shown. A major change occurred 

between 1901 (or the years of survey before this) and the 1920 Fifth Edition. The 

circular earthwork has vanished (Fig. 2a), to be replaced by a ‘site of antiquity’ cross; 

the words ‘fort (Site of)’ are 50m to the north of this, suggesting the mapmakers had 

additional information on the site between 1901 and 1920, showing that it was now a 
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site of antiquity but no circular feature (Ring Fort) remained. Whether the words ‘fort’ 

relate to the now-vanished circular feature (above, and our study location), or the area 

to the north (‘fort’) or someplace between or nearby is not clear. A small building 

appears between the site and the now-developed Mac Rory Park to the east of the 

study location. The building was used (Hartley, 2006) as a mortuary chapel for the 

adjacent area of the cemetery in the years between 1901 and 1920 while building 

works took place for the Glenalina area of the cemetery (shown in Fig. 2d south of 

Glenalina Cottages), and a well-laid out area of the cemetery with a War Memorial in 

1920 (Fig. 3a). The First World War and Spanish Flu epidemic had intervened, the 

former of which had a major effect on the population of young men in Ireland,  

Northern Ireland and Belfast (Boal & Royle, 2006). Surrounding the site of interest (Fig. 

3a), a small estate of terraced houses was built between 1901 and 1920 (west of 

Britton’s Parade on Figure 3a). A large house that existed previously to the north of 

the site (‘Beechmount’, see Fig. 1d), is now listed as ‘Our Lady’s Hospital’ (Fig. 3a): 

presumably as a result of the growing urban population of Belfast and as was common 

in many Victorian cities; having a burial ground with mortuaries, not too distant from 

hospitals. 

 

1:10,000 Second Edition (1957 to 1966) Ordnance Survey 

Belfast was mapped in greater detail after the Second World War, with this area 

completed for the higher resolution Second Edition (shown here: Figure 3b). No sign 

of the site of antiquity now exists, or the circular fort, incorporated into Mac Rory Park. 

The surrounding area remains much as it was in 1920, with a row of houses built to 

the north (Beechview Park), but the east and west being essentially the same. The 

cemetery also appears the same, and Day & McWilliams (1990) suggest (critically for 

this study) that the main burial activity has now shifted west of the War Memorial (Fig. 

3b) to what was referred to (above) as ‘Glenalina’. 

 

1:1,1250 Scale Belfast Town Plan (1988) Ordnance Survey 

The houses north and west of the site appear the same as in 1957-1966, as does the 

layout of the cemetery to the south. An embankment to the east is shown, the edge 

of a roughly-laid out protective bank for a British Army base, established in the 1970s 
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at the site and later abandoned, when the same embankment feature was used to 

form the edge of a football pitch, with modifications. The lack of any plan of the army 

base, or it’s footprint is intentional, this being common for Northern Ireland during 

the 1969-2000 ‘Troubles’ when the Ordnance Survey did not map military installations  

and left strategically important or vulnerable features off their maps. The main point 

for this assessment of the land is that activity to do with the cemetery in the area was 

minimal at this time, but that the Troubles were in their nineteenth year, such that 

any associated suspicious death could well have occurred at this time. 

 

2010 Aerial Imagery, Ordnance Survey 

The Ordnance Survey of N.Ireland (now Land and Property Services) continually 

update their aerial imagery, and one such update occurred in 2010 (Fig. 3d), which is 

2 years after the discovery of the human skull, and shows the completed development 

of the site, with sports court in the south and children’s play area in the north: Mac 

Rory Park football (soccer) ground is to the east (as was), with all else much the same.  

The cemetery to the south is either now full of graves, or even now in some states of 

overgrowth, with burials occurring well to the west and southwest. 

 

Summary of Critical Events in the Historic Evolution of the Site 

Two important time periods stand out in the evolution of the site, which 

independently relate directly onto any possible criminal investigation. The first is 

between 1901 (Fig. 1d) and 1920 (Fig. 3a), when the circular feature vanished; the site 

becomes listed as an antiquity; buildings occur that are associated with the cemetery; 

the hospital to the north comes into existence; the First World War/Spanish Flu take 

place and the rise of Belfast as an industrial port occurs. The second is between 1966 

and 1988, when earthworks appear on the site and (from the early 1970s) occupation 

by the British Army occurs but use of the area in relation to the cemetery diminishes. 

From the maps and associated documented history, if a simple consideration of when 

between 1832 and 2008 the most death-related activity (cemetery use, wars, plague, 

hospital use) took place in the area occurred, this would be 1901-1920. Such funerary 

activity would not be highly evident immediately after 1901, as this takes time to 

occur, and some indication would have been mapped or noted in the late 1800s. 
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Likewise, by 1920 the proximal use of the cemetery was waning, the First World War 

and Spanish Flu were over, so one could presume that a peak of funerary activity 

immediately preceded this. Thus a ‘most likely’ age for burials in the area, and thus 

the skull (if related to these burials) was predicted as ~1905 for the oldest age and 

~1918 as the youngest. A number of U-series ages for the skull obtained at the 

University of Reading (Stuart Black, pers. comm., 2010) gave a date of 1907 for the 

skull. The investigation of historical maps described here took 3 hours and cost 

nothing except the time of the investigators and provided some suggestions for the 

age of the skull. The U series dating took around 21 days with greater financial cost 

but gave an accurate absolute age. The message for the work goes far beyond this 

crude comparison, as it hopefully demonstrates the need for a full desktop study prior 

to any investigation, be it invasive, or in this case contextual. 

 

Case Study 2: Environmental Geoforensic Search 

Background 

A football pitch was constructed on former industrial ground in North Belfast 

(N.Ireland, UK) in the early 1980s. The entire area is known as Paisley Park, the 

football (soccer) club are known as Albert Foundry, the site once comprising a metal 

smelting location. The pitch has been used since and is re-seeded for grass every two 

years. Since 2005 the pitch has often become waterlogged, resulting in clearance of 

the drains, installation of new drains (10-25cmcm diameter feeder pipes, leading to 

larger pipes outside of the site) and other measures: the problem persisted to the 

survey reported on here (undertaken in 2015). The survey was initiated in order to 

try and understand why the pitch has become waterlogged after 20 years of dry 

conditions.  Two methods of studying the football ground and surrounding area were 

used: a desktop study and ground-penetrating radar (GPR) survey. The desktop study 

was focussed on the permeability (or not) of underlying solid and drift geology and 

past land-use. The GPR survey was undertaken in order to assess the geometry of 

underlying material, as well as locating drains and any conduits for fluid flow. The 

overall geometry of the underlying (drift and solid) geology and pitch construction 

could also have been elucidated using geophysical methods other than GPR, for 
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instance electrical resistance tomography (see Reynolds, 2011). However, the need 

for information on this subsurface geometry, as well as the location of small-

diameter drains, made use of a range of GPR frequencies, as well as time constraints 

(the pitch is used by schools on weekdays and professional matches at the 

weekends) on a sand-based medium, ideal. 

Desktop Study 

In this case, the football ground perimeter (oval shape) was used to tie other 

georeferenced digital data sources, allowing consideration of the location with 

regard to the above resources. 

Solid Geology 

The study location is indicated by the red oval (Figure 4a) on this clip of the digital 

database (1:100,000) regional geology map (GSNI, 1997). Examination of the 

1:25,000 Special Engineering Geology Sheet (Bazley & Manning, 1971) shows no 

inconsistency with this digital output. This shows the solid geology underlying the 

pitch (and surrounding area) to be Mercia Mudstone Group (MMG-ARG: The 

Geological Survey of Northern Ireland codes, or lexicons are used to facilitate 

comparison to their maps). This succession averages 500m in thickness (but can be 

as little as 25m and up to 2km) in N.Ireland and comprises red-grey-green mottled 

siltstones and mudstones with thin (1-30cm) calcareous bands, silty sandstone beds, 

and thicker (tens of metres) halite and anhydrite salt beds (never seen at surface due 

to dissolution). The Mercia Mudstone Group is very rarely permeable and is an 

aquiclude, promoting the formation of perched water tables, boggy, waterlogged 

ground and landslips. The study location lies about 1km west of the closest outcrop 

(eastwards) of the Sherwood Sandstone Group (underlying the above mudstones, 

SSG-SDST), and if a 50 westwards dip to the units is assumed, some 250m above 

these sandstones. 1km west of the location the Hibernian Greensands Formation 

and Ulster White Limestone Formation (HGUW-CKSD) crop out as a ~500m wide 

strip beneath a cap of Palaeogene basalt (LBF-BASA). These formations comprise 

hard rock that generally forms upstanding ground, and thus without viewing any 
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topographic map, one may predict high ground to the west of the study area, sloping 

eastwards through the study area to low ground. The above (flat-lying or gently-

dipping) units are cut by vertical faults and dykes (UDG-DOLR) that may form vertical 

conduits for fluid flow as well as horizontal conduits and barriers. A NW-SE oriented 

fault is mapped on the 1:100,000  regional geology map (GSNI, 1997) as passing close 

to the northern end of the football field and study area. 

 

Drift Geology 

The drift geology map (Fig. 4b: source as above), shows the study area to be 

underlain by glacial till, with exposed Sherwood Sandstone Group rock some 400m 

to the east, and alluvium associated with this exposed rock. Examination (below and 

Fig. 4c) of topographic maps shows this sandstone exposure (with alluvium cover) to 

be coincident with the line and location of the Forth River, which from the above has 

presumably eroded through the till into the underlying rock, and along its course 

also occasionally deposited eroded sandstone as alluvial sand. The combination of a 

significant thickness of mudstones, mantled by an unknown thickness of glacial till, 

make it highly likely that the natural state of this area is to be poorly drained, with 

abundant surface water as minor perched water tables, springs or streams and 

rivers. Springs along fault lines/dykes and parallel to the N-S greensand – limestone – 

basalt outcrop may be anticipated. 

 

First Edition (1832) Ordnance Survey Map 

In 1832 the study area lay on cultivated fields (unknown crops), with a double-line 

feature to the west and south that could be a ditch or road/trackway, with open land 

to the west again (Fig. 4d). To the east, wooded ground (likely deciduous from the 

map ornament) occurred along the Forth River. The river was partly diverted to feed 

a NE-SW oriented lake at Springfield (with a second, smaller pond to the south-east), 

the water in which was presumably maintained by the impermeable nature of the till 
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and mudstones below, the lake being coincident with outcrop of the latter.  An 

indication of how the geology (above) influenced the geography at this time is in the 

name ‘Springfields’ on Figure 4d – an area of fields (as mapped) with or fed by 

springs (likely emanating from and below the greensand/limestone and faults).  The 

Forth River follows the strike of beds in the sandstones and mudstones and has 

maybe followed the orientation of bedding in the former unit. 

Second Edition (1857) Ordnance Survey Map 

In the 25 years between the First and Second editions, the overall geography has 

remained similar, with the study location still on cultivated land, now surrounded by 

planted trees to the NE and SW, the latter along the western boundary -  an access 

lane (Fig. 5a). The surrounding ground to the north, west and south has now been 

divided by fences/hedgerows; the wooded glen of the Forth River remains much the 

same, as does the lake and pond at Springfield, where a bleach works (probably 

associated with linen production) and cotton factory now are. 

 

1901 Third Edition OS Map (6 Inch) 

Forty years on, the overall geography has remained similar, with the same field 

system in place, further bleach works are apparent to the south, many of the trees 

around the study area and in the Forth River valley have now gone (Fig. 5b). The 

wooded glen of the Forth River is now indicated as marshy ground. Buildings are 

seen to the east of the Forth River, indicative of urban expansion from this direction, 

as is the fact that the area is now part of the Shankill Ward (an administrative area of 

Belfast). 

 

1920 Fourth Edition OS Map (6 Inch) 

A significant change on this map is the building of the West Circular Road to the west 

of the site (Figure 5c: 1920), with only some of the 1800s field boundaries to the 
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west remaining. The reservoirs to the south remain; the cotton factory is now the 

Franklin Laundry. Water features are prominent on this map, perhaps as a result of 

their increased influence on urbanisation and need for management. A tank and 

rises (spring) are now marked to the immediate west and south-west of the site, the 

rises being close to the slope behind the current location of the football 

pitch/stadium studied, and the tank close to the entrance roadway. Equally 

significant is a flow direction to the south from the tank into the reservoirs: no 

surface expression of this watercourse can be seen currently, it being approximately 

along the line of the southwestern end of the area under investigation. It is possible 

that a drainage feature (filled ground, filled ditch, culvert) exists in this location. A 

flowing ditch is also indicated to the east of the study area. Key features are that the 

‘rises’ to the west of the (present-day) football pitch and stadium are not now 

marked, nor is any southward flow from here and the Tank (still marked) to the 

reservoirs. The south-flowing ditch to the east is still mapped and marked as a mill 

race. The subsequent foundry is not shown. 

 

1988 1:3,000 Town Plan (Ordnance Survey) 

Significant changes to the area are indicated on this sheet, essentially as it is today. 

Houses now occupy the length of the West Circular Road and Crescent; the football 

ground and bowling green have now been built on the foundry site and the flow in 

the eastern ditch has now gone (Fig. 5d). The construction of the pitch can be 

elucidated from the map, as is seen currently, with a west to east slope from the 

West Circular Road, levelling across the pitch and sloping eastwards again to the club 

house and old ditch (mill race) and Forth River. The former existence of a spring 

(rises) and water course to the west and south west of the pitch is critical at this 

point as it begs the question of where this water now flows after it lands on the 

road, houses, gardens of West Circular Road (east side) and sloping ground between 

these houses and the football grounds. A north-south break of slop to the west of 

the ground and forming the boundary between the West Circular Road houses and 
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the football pitch is in effect the watershed from which the 1920 mapped water 

‘rises’ or springs emanated.  

 

2007 and 2010 Aerial (Orthoimagery) Photography 

By 2007 the layout is much as it is today. Some small structures can be seen to the 

northeast of the ground and construction works are seen east of the Forth River (Fig. 

6a).  South of the square bowling green (south of the oval of the pitch), a line NNW 

to SSE can be seen that could be a former building edge, or the line of the water 

course mapped in the 1920’s.  By 2010 construction has not progressed east of the 

Forth River and one or two marks appear on and around the football ground (Fig. 

6b). 

The Ground Penetrating Radar (GPR) Survey 

Background 

GPR is one of a range of geophysical techniques used in investigating the subsurface 

for forensic-based searches (Pringle et al., 2012): the speed of data acquisition and 

real-time data output has resulted in the method gaining popularity (op. cit.), all be it 

with some limitations.  As with all geophysical methods, intelligence from the 

desktop study, concerning the likely size, depth and makeup of the target is useful. 

Where this is unknown or questioned, then a range of GPR antenna frequencies, 

orientations and survey transects should be used and in very poorly understood 

locations, together with other geophysical and invasive techniques (the so-called 

Blunderbuss Approach of Reynolds, 2011). Moisture contents influence radar wave 

velocity because in homogenous media, porosity has a direct relationship to the 

changes in dielectric permittivity on which radar response depends. GPR has found 

its best uses in imaging glaciers, sand deposits (river, non-saline coastal sands), 

aquifers (porous nature), archaeological features (moats, buried buildings) and 

concrete/pavements (Reynolds, 2011). 

 

GPR Survey of the Football Pitch Site 



GIS, Historic Maps forensic search                                                                                                                                                     

15 

For this study, a Mala RAMAC GPR system was deployed using 500MHz shielded and 

200MHz, 100MHz and 50MHz  unshielded antennas. A 1.6GHz shielded antenna was 

deployed where utilities were suspected close (0-120cm depth) to surface. 72 long 

lines were gathered over a number of transects, with lower frequency antennas 

deployed over the entirety of the pitch and surrounding area, and higher frequency 

both over the whole pitch. Two intersecting cross-lines (Figure 7a) are shown here, 

with all frequencies shown to allow critical observations of the relevance of each for 

this kind of investigation. 

 

GPR: Observations 

The area of the football pitch is coincident with two layers of infill: an upper layer 

from surface (about 0-10cm on GPR profiles) to 50cm depth and a lower sequence 

from 50cm to 2m depth (1.75m depth average, base undulating). The margins of this 

infill are remarkably crisp and always at the touchline to the pitch. No laterally-

continuous reflections deeper than the 2m depth of the lower layer were observed, 

most likely due to the clay ground below (Fig 7a). Surveys around the manholes (not 

shown here) resolved no consistent or clear linear utilities, suggesting that some 

1.5m to 2m laterally from the manholes, any lateral pipes stop, or the radar failed to 

resolved them. 1.6GHz surveys were made around manholes and likewise did not 

resolve any consistent shallow (maximum, 50cm) small anomalies. No major culverts 

could be detected running north to south from the western side of the present-day 

pitch or across the access road(s). Nonetheless, a significant change in construction 

at 1.75 to 2m depth, with minor anomalies below, occur in this location (Fig. 7b), 

confirming that some buried feature occurred here and could have transported 

water.  

 

Overall Observations from Desktop and GPR 

Interpretation of the GPR data suggests that the football pitch is underlain by a 50cm 

thick fill that is consistent with a sand; beneath this, the 1.5m-2m layer is most likely 

sand with other material, but not likely to be clay (rubble, cobbles, poorer-quality 



GIS, Historic Maps forensic search                                                                                                                                                     

16 

sand). The area of the pitch was dug out to this lower level, with a rough inclined 

edge, and to 50cm within an upper vertical edge coincident with the touchline. The 

desktop study shows the site is on impermeable mudstones (bedrock and till). This 

area was a cultivated plateau with a N-S oriented slope to the west of the present-

day pitch and slope to a river to the east in the early 1800s. Water emanated from 

the western slope and was channeled southwards along what is now the west side of 

the pitch to bleaching reservoirs south: no sign of this flow is apparent at surface 

today. The football pitch was created by digging out and/or infilling a basin of 1.5 to 

2m depth with 1 to 1.5m of waste (lower GPR layer, possibly foundry/demolition 

waste). This was covered by approximately 50cm of sand (upper GPR layer), with 

near-vertical edges coincident with the perimeter of the football field. This has 

created, in effect, a football pitch-sized sandpit, into which water flows from the 

western slopes to the pitch, the overlying gardens and yards to the rear of the 

eastern side of road. That this now housed area was formerly a water source, is 

predicted from the disposition of geological strata, and indicated from the names in 

the area and mapped water courses and springs. The water that once fell on this 

ground (and presumably still does), with mapped outlets that are no longer visible, 

shows that the houses and western embankment to the pitch are a small, largely 

concreted/tarmac-covered watershed. Water then flows to the pitch, which is 

probably permeable to 50cm and semi-permeable below but has no adequate 

outlet, being on impermeable till and Mercia Mudstone Group. The manhole on the 

eastern side of the pitch provides some outflow to the east of the pitch under a 

clubhouse and old mill race/stream. The basin-like subsurface geometry is most 

apparent on west – east GPR profiles: this may not help with water outflow, which 

could proceed to the north and south, where the basin is less obvious on GPR data. 

 

Conclusions 

Case Study 1 demonstrates why a desktop study should have been undertaken prior 

to the search of the construction site by search dogs and GPR. In retrospect, the 

desktop provided an explanation for why the human skull was found, with a possible 

age for the human remains. The search would likely have proceeded as it did, and 

the site declared a crime scene (due to the existence of unmarked human remains), 
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but the concern caused by the discovery of human bones would have been less 

severe. Case Study 2 provides one possible sequence of investigation that allowed an 

integrated model of how a desktop and geophysical survey can be combined, 

allowing an explanation of the drainage problem to be elucidated. In both cases, the 

desktop study formed an essential part of understanding each site. 

 

Case Study 1 was conducted in collaboration with Sergeants Gary Arbuthnot and Nigel Johnson 

(Search Dog Handlers, Police Service of Northern Ireland): Antoinette Keaney and Lisa Coyle 

assisted with retrieval of historic maps. Case Study 2 was instigated by Sean McAllister and 

Brendan McCann of PlotBox Ltd. We thank Mark Harrison and Jamie Pringle for their constructive 

comments. 
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Figure Captions 

Figure 1a. Ground penetrating radar data (GSSI system with 225MHz shielded 

antennas) across the top of the anomaly, later identified as an air-filled human skull. 

1b. GPR data (as above) along the torso region of the human remains. 1c. the skull 

identified from GPR, partly excavated (pencil for scale). 

 
Figure 2. The study area is shown as a red lozenge shape in the centre of the maps. 

Figure 2a. Clipped part of the 1:25,000 Geology of Belfast and District (solid and 

drift) geological map (Bazley & Manning, 1971): solid geology comprises Triassic 

Sandstone (f1-3) or Sherwood Sandstone Group (yellow) and NW-SE oriented 

Palaeogene dykes (D); drift (superficial deposits) geology comprises glacial till (pale 

blue).  

Figure 2b. The 1:5,000 1832 Ordnance Survey First Edition map of Ireland.  

Figure 2c. 1:5,000 1857 Ordnance Survey Second Edition map of Ireland.  
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Figure 2d. 1:5,000 1901 Ordnance Survey of Ireland Third Edition. The area of 

investigation is shown as the red elongate rectangle indicated. 

 

Figure 3. The study area is shown as a red lozenge shape in the centre of the maps. 

Figure 3a. 1:5,000 1920 Ordnance Survey of Northern Ireland Fifth Edition.  

Figure 3b. 1:10,000 1957-1966 Ordnance Survey of Northern Ireland Second Edition. 

Figure 3c. 1:1250 1988 Ordnance Survey of Northern Ireland Belfast Town Plan. 
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Figure 3d. 2010 aerial image from Land and Property Services of Northern Ireland 

(formerly Ordnance Survey). 

 

Figure 4. The study location is shown as a red oval in the centre of the maps. 

Figure 4a. Solid geology of the study area (Geological Survey of Northern Ireland, 

2006). The original lexicon codes from the Geological Survey of Northern Ireland 
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digital database have been retained as these supply an inference as to any 

aquifer/aquiclude characteristics of the rock formations. HGUW-CKSD = Hibernian 

Greensands Formation and Ulster White Limestone Formation (permeable Chalk and 

sandstones). LBF-BASA = Lower Basalt Formation (occasionally permeable basalts). 

MMG-ARG = Mercia Mudstone Group (impermeable argillites). SSG-SDST - Sherwood 

Sandstone Group (permeable sandstones). UDG-DOLR = Upper Dolerite Group 

(impermeable dolerites, although country rock contacts may allow fluid flow). Data 

courtesy of ©GSNI 

Figure 4b. Drift (superficial deposits) geology map of the study location (red oval) 

and surrounding area, for hydrogeological context. 

Figure 4c. Topographic map of the study location and surrounding area. Data from 

Land and Property Services under MOU203. 

Figure 4d. First Edition (1832) Ordnance Survey map of the study location and 

surrounding area. Data from Land and Property Services under MOU203. 
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Figure 5. Historic Ordnance Survey maps and recent orthoimagery of the study 

location and surrounding area. 5a: Second Edition (1857); 5b: Third Edition (1901); 

5c: Fourth Edition (1920); 5d: Town Plan (1988). Data from Land and Property 

Services under MOU203. 
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Figure 6. Orthoimagery over the study location (red oval) and surrounding area 

(courtesy of Land and Property Services, N.Ireland, MOU203). 5a: 2007; 5b: 2010. 
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Figure 7a. Location of the GPR lines shown in figures 7b and c and Figure 8: red oval 

represents the location of the football pitch, for general location, see figures 4 and 5. 

Data modified from Land and Property Services under MOU203.  

Figure 7b. West – east 500MHz (shielded) GPR data across the pitch, showing the 

bowl-like nature of the pitch infill.  

Figure 7c. west – east 200MHz (unshielded) GPR data across the pitch, confirming 

the geometry seen on 500MHz data (above). 
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Figure 8. North – south GPR lines at all the frequencies gathered along the football 

pitch under investigation. Usually, the lowest frequency is displayed first, but here, 

the quality of the 500 and 200MHz data made it most useful for the investigation. 

The 100 and 50MHz data were gathered in order to try and elucidate the underlying 

solid and drift geology: at these depths, an alternative geophysical technique such as 

electrical resistance tomography (ERT) would have been preferable, see text for 
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discussion.

 


