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 Topographic, magnetometry, and ground penetrating radar surveys were 

conducted at the potential Iron Age hillfort of Caisteal Mac Tuathal in Perthshire, 

Scotland to determine structural extents within, and propose areas of interest for future 

studies at, the site This survey concluded the terrace at the base of the southern slope and 

the area circumscribed by the visible rampart features and cliff faces to be void of 

potential archaeological anomalies, and no potential structures or entrances were located 

along the southwestern rampart. However, radar and magnetic anomalies interpreted as a 

potential structure or “platform”, and an entrance through the rampart, together with a 

secondary structure were observed along the northwestern rampart. The details of these 

potential structures are poorly understood because ground-truthing was not conducted 

during this study. Regardless, this geophysical exploration of Caisteal Mac Tuathal has 

improved our understanding of the site and structures therein. 
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Figure 1: Site location. (a) Map of the British Isles; (b) Loch Tay and Drummond 

Hill, Perthshire, Scotland; and (c) potential hillfort of Caisteal Mac Tuathal at 

Drummond Hill – yellow polygon high-lights the upper terrace (modified after 

Google, Inc., 2014. Compiled from Christison, 1900; RCAHMS, 1956; Dalland and 

Wessel, 2011). 



1 

1. Objectives

This research presents three topics regarding the unexcavated minimally surveyed 

site of Caisteal Mac Tuathal in Perthshire, Scotland (Fig. 1): a comprehensive literature 

review of the site’s archaeological context; a study of remote sensing methods that could 

be utilized in studies of this shallow, remote, and topographically difficult to survey site; 

and a discussion of proposed structural extent and areas of interest for future studies 

within the site based on analyses of topographic, magnetometry, and ground penetrating 

radar data. 
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2. Archaeological Context 

2.1. Pre-Roman Iron Age in Scotland 

The Iron Age Celts in Scotland were insular groups of peoples who, along with 

the rest of Britain and Ireland, became increasing isolated during the Early Iron Age. This 

isolation is evident in the material remains and historical records of the British Isles 

Celtic peoples – particularly their architecture, art (both decorative and utilitarian), and 

warfare (Cunliffe, 2005:124). This cultural insulation and geographic isolation of the 

British Isles from continental Europe resulted in a later transition from the Bronze Age to 

Iron Age (Cunliffe, 1999; Harding, 2004; Armit, 2005; Cunliffe, 2005:32). 

2.1.1. Celtic Culture 

The insular nature of Celtic societies in Iron Age Scotland led to a piecemeal 

adoption of technology, structural and artistic morphologies, and socioeconomic and 

political structures only when needed or wanted – a phenomenon dependent upon the 

social, economic, and political contexts of the indigenous groups (Cunliffe, 1999; 

Harding, 2004). Consequently, Celtic culture in Iron Age Scotland developed uniquely in 

comparison to southern Britain and continental Europe, and is commonly associated with 

a long Iron Age (Table 1). The Scottish Long Iron Age is the timeline referenced in this 

research. 

2.1.1.1. Material Culture 

Material culture in Iron Age Scotland was both utilitarian and decorative, despite 

the prevalence of undiagnostic utilitarian artefacts throughout the Early Iron Age of 
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eastern Scotland (Harding, 2004:106-7). Pottery in particular proved especially 

undiagnostic with its coarse and undecorated typology and its sparseness across Early 

Iron Age eastern Scotland – an indication of its seemingly cultural insignificance 

(Harding, 2004:106; Cunliffe, 2005:118). However, the islands and islets of Scotland’s 

Atlantic Façade contained a rich pottery tradition (Cunliffe, 2005:118), a likely 

continuance of its Neolithic grooved ware and Bronze Age beaker traditions (Fig. 2; 

Richards, 2005). In contrast, copper and bronze metalworking has proven culturally 

significant throughout Scotland, originating with the adoption of Hallstatt C1 bronze  

 

Table 1: Timeline of the European, Northern Britain, and Scottish Iron Ages 

(Harding, 2004; Armit, 2005; Cunliffe, 2005, Noble et al., 2013). 
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EIA-I 

 

 

Late Bronze Age 

 

A.D. 43 – Treaty between Roman 

                 fleet and Orcadian 

                 chieftans. (Cunliffe, 

                 2005:219) 

 

A.D. 79 – Roman invasion of 

                 Scotland begins under 

                 the direction of Gnaeus 

                 Julius Agricola. (Armit, 

                 2005:95) 

 

A.D. 83 – Battle of Mons 

                 Graupius; 

                 terminus of Roman 

                 invasion. (Armit, 

                 2005:102) 

 

A.D. 120s – Roman retreat to 

                 Hadrian’s Wall. (Armit, 

                 2005:103) 

 

A.D. c.140 – Roman advance to 

                 the Clyde-Forth line; 

                 construction of the 

                 Antonine Wall. (Armit, 

                 2005:103) 

 

A.D. c.165 – Roman retreat to 

                 Hadrian’s Wall. (Armit, 

                 2005:103) 
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Roman 
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Gündlingen swords and horse gear, both of which spread throughout Scotland by c.800-

750 B.C. (Cunliffe, 2005:449) and were quickly morphologically modified to suit 

indigenous needs – occurring in hoard deposits rather than accompanying inhumations 

(Cowen, 1967; Cunliffe, 2005:449). 

Ironworking was not adopted in Scotland until c.450 B.C. at the earliest, and 

likely developed an insular La Tène technology in the same manner as the Gündlingen 

swords (Cunliffe, 2005:465-7). The Middle Iron Age saw increased Scottish trade with 

the continent, either directly or diffusively through southern Britain, resulting in the 

adoption of goods and wares of Mediterranean origin and style by the Scottish Celtic 

elite, with a particular preference for their use in feasting, drinking, and personal 

ornamentation. However, the lack of extensive trade routes throughout western and 

northern Scotland resulted in limited trade, and an extensive concentration of these goods 

and wares in eastern Scotland (Harding, 2004:192; Cunliffe, 2005:597). 

2.1.1.2. Ritual and Religion 

Ritual and religion in Early to Middle Iron Age Scotland likely differed greatly 

from that of southern Britain and continental Europe. However, little evidence for 

ritualistic or religious behavior has been recovered due to the rarity of recovered burials 

and ritual deposits in much of Scotland, and thus any claims of a difference is at present 

mere speculation (Harding, 2004:297; Armit, 2005:80; Cunliffe, 2005:597). This lack of 

direct evidence is paralleled by similar problems in studies of the Iron Age Ireland 

(McCormick, 2009:410). 
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Figure 2: Ceramic-rich regions of the British Iron Age (modified after Cunliffe, 

2005:Fig. 5.10). 

 

 

2.1.1.3. Warfare 

Warfare among the Iron Age Celts in Scotland differed from the nature of warfare 

on the continent. Despite the regular occurrence of swords, spears, and slings in the 
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archaeological records of Scotland and continental Europe (Armit, 2005:45), cavalry, 

body armor, and archery were used differently in Scotland. The Celts of Scotland and 

southern Britain continued to use chariots in warfare long after these were abandoned on 

the continent in favor of cavalry (Cunliffe, 1999). However, their use in battle has been 

questioned, with many concluding they were used only as a show of force prior to, and 

possibly during, battles; they likely were not used as weapons (Cunliffe, 1999:254-5; 

Armit, 2005:45). Seemingly in response to the overwhelming victories achieved by 

Agricola and his troops during the Roman Conquest, the last recorded use of chariots in 

Celtic Scotland conflicts was noted by Tacitus at the battle of Mons Graupius in A.D. 84 

(Cunliffe, 1999:255). Continental Celts frequently used iron and bronze plate body armor 

and helmets, along with chainmail armor at later dates, and archery during conflict. 

However, there is little evidence suggesting the use of body armor by Scottish Celts and 

no evidence for their use of archery in conflict (Cunliffe, 1999:93-8; Armit, 2005:45). 

2.1.2. Defensive Settlement Types 

The Iron Age in Celtic Scotland presented differing settlement types (Fig.3). Of 

particular interest are those investigated here: crannogs, homesteads, hillforts, and brochs. 

Each of these settlement types exist in large numbers north of the Clyde-Forth line (the 

Antonine Wall) – a region of sociopolitical, economic, and geographic boundaries that 

was impacted by a Roman Conquest distinct and distant from that of Celtic societies in 

southern Britain and continental Europe. 
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Figure 3: Predominate settlement types in Early Iron Age Britain, c.2150 BP 

(modified after Cunliffe, 2005:Fig. 21.6). 

 

 

2.1.2.1. Crannogs 

Crannogs are offshore, timber roundhouses typically constructed on artificial 

islands or pilings and connected to the shoreline by defensible bridges (Fig. 4; Armit, 
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Figure 4: The Scottish Crannog Centre 

(reproduced with permission of the 

photographer, Nicholas Dixon). 

 

2005:33). Despite their expansive 

distribution through the Late Bronze 

through Early Historic (Middle Iron Age) 

periods in coastal and lacustrine Ireland 

and, more commonly, highland and 

southwest Scotland (Munro, 1882; 

Harding, 2004:106; Armit, 2005:33), their 

origins may lay in the Neolithic: Eilean 

Dòmhnuill in Loch Olabhat on North Uist 

in the Outer Hebrides, Scotland is one of the earliest known crannogs, dating to c.3,650 

B.C. (Armit, 2005:33-4). Crannogs may have served as defensive homesteads designed to 

protect the semi-isolated, single-family domestic units common in the Late Bronze Age 

through Roman Incursion in Scotland, particularly between the Tabular Hills and 

Grampian Highlands (Cunliffe, 2005:322). However, compared to palisaded and ring-

ditch homesteads, the required energy expenditure for their construction, along with their 

increased vulnerability to fire and siege due to shore proximity, undermine most security 

reasons for their construction (Armit, 2005:34). 

In Scotland, lacustrine crannogs likely served as self-sufficient homesteads for 

farmers, herders, and gatherers, as demonstrated by the recovery of grains, seeds, nuts, 

animal dung, and insects during the excavation of Oak Bank in Loch Tay, Perthshire 

(Dixon, 1982; Armit, 2005:33-4), investigations into crannogs of Loch Awe (Harding, 

2004:103), and palynological evidence for decreased forest cover in Scotland by c.300-

200 B.C. (Dumayne-Peaty, 1998). Modern analogs at marine crannog sites (e.g.: on the 
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Beauly Firth; Hale, 2000) indicate tide 

levels made them susceptible to flooding, 

lending credence to their possible use for 

access to inlets and seas for fishing, trade, 

and travel (Harding, 2004:106).  

2.1.2.2. Homesteads 

Homesteads were particularly 

common during the Iron Age in central 

Scotland between the Tabular Hills and 

Grampian Highlands. With the single 

family unit being the most common social 

configuration, these roundhouse 

homesteads were commonly long-lived and underwent multiple phases of construction, 

typically initially enclosed by palisades in early phases then shifting to bank and ditch 

enclosures in later phases (Fig. 5; Cunliffe, 2005:322). These homestead communities 

frequently belonged to subsistence economies based on agriculture and animal husbandry 

(Cunliffe, 2005:443), and have few archaeological indicators for social stratification or a 

centralized social structure, though invading Romans observed tribal confederacies – 

indicatory of common political and socioeconomic purposes – c. AD 79 (Armit, 2005:45; 

Cunliffe, 2005:322-3). Ring-ditch houses were common among Scottish homesteads, 

though it is possible they simply served as animal byres rather than places of residence 

(Reynolds, 1982:53-4). 

 

Figure 5: Aisled roundhouse; Machair 

Leathann. Excavation photograph. Site B 

fully excavated, looking S. (reproduced 

with permission: Copyright – Historic 

Environment Scotland; RCAHMS, 1957) 
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2.1.2.3. Hillforts 

Following Armit (2007:26) and 

Cook (2011:211), the term ‘hillfort’ is 

broadly defined in this research, 

encompassing a variety of enclosed 

hilltop sites, including duns (“dun” is 

Gaelic for fort [Lenfert, 2013:125]; e.g.: 

Dun Raouill [Raven & Shelley, 2003], 

Dun Geilbt [Graham, 1951]), promontory 

forts (e.g.: Burghead [Armit, 2003], Loch 

Knowe [RCAHMS, 1994]), and 

“traditional” hillforts (e.g.: Barra Hill 

[Cook, 2012], Dunsinane Hill [Christison, 1900]). Brochs will be discussed separately. 

Hilltop settlements in Scotland continue the roundhouse tradition, and possibly 

appear as early as c.1,000 B.C. (Fig. 6; Armit, 2005:43). However, the first fortified 

hilltop occupation centers appear c.800-700 B.C., and frequently contain evidence for 

occupation and reoccupation through c. A.D. 100, though evidence for permanent 

occupation is often lacking (Cunliffe, 2005:364, 402). Hillfort use in Scotland was 

minimal in comparison to southern Britain (Harding, 2004:159). Ninety percent of known 

Scottish hillforts are located between the Rivers Tyne and Forth (Armit, 2005:46). Some 

Scottish hillforts evolved from palisaded enclosures, most initially developed as rubble-

and-earth cored, drystone-walled ramparts bonded by horizontal timbers – the latter of 

which is distinctive to Scottish hillforts, despite the region’s proximity to southern Britain 

 

Figure 6: Hillfort; Oblique aerial view of 

Woden Law centered on the fort 

(reproduced with permission: Crown 

Copyright - Historic Environment 

Scotland; RCAHMS, 2015b). 
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Figure 7: Broch; Oblique aerial view 

centered on the Broch of Gurness, taken 

from the NE (reproduced with permission 

– Crown Copyright – Historic 

Environment Scotland; RCHAMS, 2009) 

 

 

and continental Europe and their 

architectural influence. Hillforts in 

continental Europe and southern Britain 

utilized vertical timbers alongside 

horizontal timbers for structural support 

(Cunliffe, 2005:363). By c.400-300 B.C., 

many of Scotland’s hillforts were 

abandoned, and those that remained 

occupied had expanded from the Early 

Iron Age’s small, utilitarian defensive 

hillforts into developed hillforts similar to, 

though on a smaller scale than, oppida 

(Cunliffe, 2005:388). Most of these remaining hillforts were abandoned by c.200 B.C. 

(Armit, 2005:44), though by AD 79 occupied hillforts increased to approximately twenty 

percent of the known site assemblage (Armit, 2005:56; Cunliffe, 2005:401). 

2.1.2.4. Brochs 

Brochs are circular, multi-level drystone towers commonly found throughout the 

Scottish highlands and islands during the Iron Age (Fig. 7; Armit, 2005:35). Thought to 

have developed out of the Atlantic Roundhouse tradition, the earliest example of broch 

architecture appears c.600 B.C. in the Orkney Islands as thick-walled, single-level 

drystone roundhouse (Armit, 2005:37). The roundhouse at Bu, Orkney exemplifies the 

thick-walled architecture, but lacks the galleries, cells, stairs, and timber trusses for 

multilevel habitation associated with broch towers (Cunliffe, 1999: 161; Armit, 2005:37-
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8). Broch towers appear in the Scottish archaeological record by c.400 B.C. (Armit, 1992; 

Armit, 2005:37) and likely originated in the Caithness-Orkney region, then spread south 

along the Atlantic Façade (Cunliffe, 2005:335) where they were readily adopted 

throughout the Scottish highlands and islands (Armit, 2005:37). It is thought that brochs 

initially developed as symbols of status – a statement supported by the heavy use of 

timber in Orkney brochs despite the archipelago’s scant forests (Davidson & Jones, 1990: 

26-7; Armit, 2005:37; Woodbridge et al., 2014). 

Broch architecture evolved c.200-100 B.C. to include a more expansive 

settlement pattern, e.g.: the Broch of Gurness in Orkney and Old Scatness in Shetland 

(Armit, 2005:38-9). These broch villages were concentrated along the Atlantic Façade 

and northern islands, serving as evidence for a more centralized society with increased 

social controls (Armit, 2005:39). However, the defensive nature of brochs and broch 

villages was unlikely the result of conflict from population stressors, as evidenced by 

their typical self-sufficient nature and proximity to quality farmland and wild resources 

(Fojut, 1982; Cunliffe, 2005:335-7). 

2.1.3. Evolution of Defensive Settlements in Celtic Scotland 

The Late Iron Age in Scotland was typified by small, enclosed homesteads. 

However, this settlement type was prone to seemingly anomalous settlements such as the 

brochs and duns in lowland Scotland (Harding, 2004:187). These “anomalous” 

settlements appeared by the first and second centuries A.D., were likely constructed in 

response to Roman contact, and were possibly the result of a temporary economy based 

on prestige goods obtains from Romans and Romanized settlements south of Hadrian’s 

Wall (Harding, 2004:187-8). North of the Clyde-Forth line, and later the Antonine Wall, 
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small, enclosed homesteads were common. Frequently associated with these homesteads 

were souterrains – underground structures that may have been used for defensive 

purposes (Warner, 1980; Watkins, 1980) or surplus storage (Armit, 1999). Despite their 

widespread use, souterrains in Scotland appear to have fallen into disuse or were infilled 

by the end of the second century A.D., although the lack of 3
rd

-4
th

 century A.D. Roman 

material makes the establishment of a closed chronology difficult for the souterrains and 

their associated homesteads for this period (Harding, 2004:198). 

The late Iron Age Pictish period c. 4
th

-5
th

 centuries A.D. saw the return of hillfort 

settlements to Scotland, with refortification and expansion of Early Iron Age hillforts to 

nuclear forts common (Harding, 2004:233-5). Numerous hillforts and nuclear hillforts 

have been identified throughout western Scotland and Proto-Pictish in eastern Scotland 

(Noble et al., 2013:1141). However, little detailed research into proto- and later Pictish 

hillforts has been conducted, causing Pictish scholars to use those of the Scots in western 

Scotland, the coastal and promontory forts along the North Sea, and, more recently, the 

newly identified Pictish ringforts as contemporary analogs for sociopolitical analyses 

(Lane & Campbell, 2000; Noble et al., 2013:1141-2). However, it is of note the hillforts 

and nuclear hillforts of Pictland are significantly smaller than the hillforts and citadels in 

Scotland south of the Antonine Wall (Harding, 2004:232-3; Noble et al., 2013:1141). 

Crannogs are also present in Pictish archaeology in Scotland, though the research of them 

has suffered from lack of thorough excavation similarly to hillforts; radiocarbon dating 

has been pursued for a few of the identified sites, but the little thorough excavation that 

has occurred has precluded detailed sociopolitical analyses therein (Noble et al., 

2013:1140). The radiocarbon dates, however, indicate that construction on these Late 
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Iron Age crannogs began during the 1
st
-2

nd
 centuries A.D., and occupation in evident 

through the 6
th

-7
th

 centuries, though evidence for continual, permanent occupation of the 

sites is lacking due to erosion or site reconstruction processes (Harding, 2004:211-2). 

2.1.4. Pre-Roman Conquest Celtic Economy 

The Scottish Celts, although insular throughout its prehistoric and historic 

periods, maintained extensive trading with southern Britain and northern Europe – the 

latter both directly and by diffusion through southern Britain. During continental 

Europe’s Hallstatt D period c.600-500 B.C., societies in the British Isles experience a 

general decrease in trade with the continent (Cunliffe, 2005:462). However, by c.450 

B.C., contact and trade had increased to where local British and Scottish artisans began 

adopting La Tène metallurgical practices (Cunliffe, 2005:465-7). Continental La Tène 

culture greatly influenced craft design and artistry, but a decrease in contact and trade 

c.350-100 B.C forced the development and expansion of indigenous artefact 

morphologies and artistry within assemblages (Cunliffe, 2005:470), promoted the further 

development of an insular La Tène, particularly in Scotland. 

The last century B.C. in the British Isles saw an increase in trade with continental 

Europe, likely due to Rome’s conquest of Celtic continental Europe, indicated by an 

increase in concentrations of such artefacts as “Gallo-Belgic and Armorican coins, 

northwest French pottery, and Italian and Spanish amphorae” concentrations in the 

archaeological record (Cunliffe, 2005:474-5). However, the Roman Conquest of Gaul 

initially proved detrimental to British trade routes, with a decrease in general trade 

between 58-52 B.C. (Caesar, 1982). Soon after Caesar’s conquest of Gaul, however, 
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Roman contacts and their allies re-established trade routes and increased trade with 

Britain, until the Roman Conquest of the islands began in A.D. 43 (Cunliffe, 2005:484). 

2.2. Celtic Scotland and the Roman Conquest 

2.2.1. Conquest of Britain 

Rome’s conquest of Gaul and subsequent incursion into southern Britain was 

initially of little note to Celtic Scotland, where a general shift from hillforts and fortified 

settlements to more open settlements occurred during the two centuries preceding A.D. 

79, indicating a time of relative peace for the previously conflict-ridden region (Armit, 

2005:56-7). However, Gnaeus Julius Agricola led Roman troops north of the Tyne-

Solway line in A.D. 79, starting the Roman Conquest of Scotland (Armit, 2005:95). 

Within five years Agricola successfully completed the campaign with the defeat of Celtic 

forces at Mons Graupius in the northeastern coastal Grampian Mountains (Fig. 8; Tacitus, 

1942). Despite being located a significant distance south of contiguous Scotland’s extent, 

Mons Graupius was the farthest north Agricola and his troops advanced. However, this, 

along with Agricola’s recall from the front soon after the battle, did not preclude a 

successful completion of the Roman sphere of influence in Scotland: a treaty for trade 

and cooperation had already been signed by Agricola and the Orcadian chieftans in A.D. 

43 (Cunliffe, 2005:219). Roman troops withdrew from northern Scotland to the Tyne-

Solway line in the A.D. 120s (Armit, 2005:103) possibly to support the construction of 

Hadrian’s Wall, A.D. 122-130 (Dumayne, 1994:220). By c. A.D. 140 Roman troops had 

returned to central Scotland, stopping at the Clyde-Forth line and constructing the 

Antonine Wall. However, within 25 years the Roman military withdrew to Hadrian’s  
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Figure 8: Roman conquest in Britain, 1
st
 Century A.D. (modified after Cunliffe, 

1999:Fig.198). 

 

 

Wall for the last time, never again returning to the north as an occupation force (Armit, 

2005:103). 
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2.2.2. Extent of Romanization 

 The Roman historian Tacitus accompanied Agricola during his campaign, writing 

about the Celtic peoples and Agricola’s battles in Agricola (1942). He described a tribal 

Celtic society in Scotland, as evidenced by the number of indigenous chiefs directing 

combat during battle with Agricola and the Roman army (Armit, 2005:45). This historical 

notation provides greater detail of the sociopolitical environment in Middle and Late Iron 

Age Scotland than the presently known archaeological record (Cunliffe, 2005:322) – a 

characteristic that hinders archaeological corroboration of the historical record. The tribal 

nature of the Scottish Celts likely accounts for the distribution of elite settlements and 

imported goods throughout Scotland, with large concentrations of Roman artefacts at 

Trapain Law in East Lothian, Fairy Knowe in Perthshire, Leckie in Stirlingshire, and 

Hurley Hawkin in Angus indicating Romanization north of the Tyne-Solway 

line/Hadrian’s Wall c. A.D. 79-165 (Harding, 2004:192). Proposed elite settlements at 

Torwoodlee, Selkirkshire (Piggott, 1951), Leckie (MacKie, 1982), and Fairy Knowe 

(Main, 1998) likely served as indigenous redistribution centers for Roman goods prior to 

the construction of the Antonine Wall (Macinnes, 1984). However, not every known elite 

settlement served as a redistribution center for Roman goods, as is evident by Edin’s Hall 

in Berwickshire – a broch at where excavation have recovered few Roman artefacts 

(Harding, 2004:188). 

This notion of varying intensities of Romanization in Britain and Scotland has 

been well documented (e.g.: Cunliffe, 1999, 2005; Harding, 2004; Armit, 2005). The 

highlands and Scotland were well insulated from the extensive Romanization and 

capitalism experienced by southern Britain. Despite the Roman military’s impact during 
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the conquest (Cunliffe, 2005), the Celts in Scotland maintained much of their tribal social 

traditions; loca – tribal meeting places – were present in northern Britain through, and 

beyond, the 3
rd

 century A.D. (Cunliffe, 2005:605). This is further supported by distinctly 

indigenous artefact hoards in Scotland north of the Antonine Wall dating to c. A.D. 84-

165 – the period of regular Roman influence in the region (Hunter, 1997). Cunliffe 

(1999:260) aptly divided Roman Britain and Scotland into three impact zones: (1) the 

Romanized core in southeast Britain around London; (2) the Roman-controlled periphery 

north to the Clyde-Forth line; and (3) the un-Romanized, uncontrolled extremity in 

Scotland north of the Antonine Wall, and Ireland. This variance in Romanization was 

also documented by Tacitus in Agricola (1942:21), where he observed Romanization in 

southeast Britain to be little more than subversive enslavement. 

2.3. SM 9156 – Caisteal Mac Tuathal 

2.3.1. Topography, Geology, and Climate 

Historic Scotland scheduled monument 9156 (Historic Scotland, 2001) – Caisteal 

Mac Tuathal – is located approximately 7.4 kilometers west-southwest of Aberfeldy, 

Scotland. The site is in the heart of the Tay Valley beneath a dense bracken blanket on 

the steep terrain (Dalland and Wessel, 2011) of Drummond Hill’s heavily forested 

northeast promontory (RCAHMS, 1956), along the northern shore of Loch Tay – a finger 

lake relict of the last British Ice Sheet (Craig, 1991:508; Hughes et al., 2014). The 

geology underlying Caisteal Mac Tuathal is comprised of Late Proterozoic to Early 

Ordovician amphibolites and the Pitlochry Schist Formation (Fig. 9; British Geological 

Survey, 2000), and the overburden is brown forest soil of humus-iron podzols and humic 

gleys (Fig. 10; Grant, 1981; The Macaulay Institute for Soil Research, 1984). The 
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Figure 9a: Geologic Map of the Drummond Hill northern terminus (KEY). 

 

 

regional climate is temperate, with rainfall averaging
7
 ~475mm in winter and ~305mm in 

summer (Met Office, 2013).  

2.3.2. Archaeological Context 

Perthshire was different in character during the Scottish Iron Age through the 

Pictish Period. Located less than 25 km north of the Antonine Wall, the county served as 

a borderland between the Romans and indigenous north, and between three major tribes:  

                                                 
7
 1981-2010 (Met Office, 2013) 
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Figure 9b: Geologic map of the Drummond Hill north terminus (MAP). 

 

 

the Caledones of the Highland Massif, the Venicones of the eastern coastal region, and 

the Vacomagi of the northern Grampian Mountains (Fig. 11; Cunliffe, 2005:218). 

Because borderlands are inherently volatile regions (Sinopoli, 1994; LeBlanc, 1999, 

2006; Birch, 2010), Perthshire underwent numerous changes through the Scottish Iron 

Age and Pictland. These changes are best illustrated by the previously stated shifting 

settlement patterns in eastern Scotland (refer to section 2.1.2) due to the current poor  
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Figure 10a: Soil Map of the Loch Tay north terminus (KEY). 

 

 

understanding of  sociopolitical characteristics therein (Harding, 2004; Armit, 2005; 

Cunliffe, 2005:216). Of particular interest to this study, however, are the Tay Valley and 

Glen Lyon around Drummond Hill due to their proximity in the aforementioned 

borderland. 

2.3.2.1. Tay Valley and Glen Lyon 

The Early Iron Age in the Drummond Hill area was characterized by enclosed and 

defended homesteads. Several duns and hillforts are also present in the surrounding  
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Figure 10b: Soil map of the Loch Tay north terminus (MAP). 

 

 

area, though a lack of radiocarbon dating limits our understanding their chronology 

(RCAHMS, 2015), as does extensive historic and prehistoric quarrying at several of the 

sites (e.g.: Casteal Baraora [RCAHMS, 1979] and The Dun [NSA, 1834-35; Christison, 

1900]). Souterrains (e.g.: Castle Menzies [RCAHMS, 2015]) and several possible 

settlements of “ring-fort” morphology (e.g.: Castle Menzies Home Farm [Clark, 1970], 

Caisteal Dubh [Watson, 1915; RCAHMS, 1950-9], and Easter Croftintygan [RCAHMS,  
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Figure 11: Major Celtic tribes of Northern Britain (modified after Cunliffe, 

2005:Fig. 9.6). 

 

 

2015]) are also present in the valleys, indicating indigenous habitation during the Scottish 

Late Iron Age and Pictish Period. 
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2.3.2.2. Loch Tay Crannogs 

Crannogs are particularly abundant in the Loch Tay, with 17 confirmed and 1 

potential crannog identified thus far (Fig. 12; RCAHMS, 2016), at least three of which 

were potentially visible from Caisteal Mac Tuathal prior to Drummond Hill’s initial 

reforestation from 1583-1631, further silviculture efforts during the Victorian Era, and 

transfer to state management in 1922 (Murray, 1935; Batcheler, 1960; Gillies, 2005). 

Radiocarbon dates indicate crannogs first appeared in the region c. 788-697 cal. B.C. 

(Dixon, 1981:346-7) and continued in use throughout Pictland (Dixon et al., 2007). 

2.3.3. Archaeological Studies 

Several surface surveys conducted during the past 116 years all located the best 

preserved site feature: the western rampart (Hutcheson, 1889; Christison, 1900; 

RCAHMS, 1956; Feachem, 1963; Dalland & Wessel, 2011; Rubicon Heritage, 2014). 

However, only the most recent surveys that have revealed an extension to the western 

rampart, an annex immediately north of the rampart (cf. Fig. 37), and a potential entrance 

along the northernmost point of the projected site (Dalland & Wessel, 2011; Rubicon 

Heritage, 2014). However, good preservation of these potential site features is 

questionable due to extensive bioturbation from tree growth. The site was heavily 

forested for over 100 years prior to the recent clear-cutting of trees within the boundaries 

of this Historic Scotland scheduled monument (Dalland & Wessel, 2011:2). 
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3. Field Conditions 

Field conditions were typical of a mild Scottish highland summer – sub-18°C, 

frequent misting, occasional downpours, and windy. Meteorologically, the geophysical 

survey of Caisteal Mac Tuathal was impeded when heavy or long-duration rains 

precluded safe access to the site along the gravel and dirt forest service roads. If heavy 

rains occurred while the GPR survey was being conducted then the survey was paused 

until the rain ceased; the survey team had to scramble to protect the water-sensitive SIR-

2000 control unit and the data ports on the GSSI 80 MHz MLF transmitter and receiver. 

On the first day of the GPR survey it was unknown that the data ports on antenna would 

flood when it was raining, and as a result the heavy rains that day flooded the data port, 

forcing a cancellation of the day’s survey, and requiring overnight drying to mitigate any 

potential electrical shorts. 

The site of Casteal Mac Tuathal, was covered by a dense, approximately 2 m high 

growth of bracken that required three days of strimming and hand-clearing to make 

geophysical surveys feasible. Once the bracken had been cleared, numerous tree piles, 

tree stumps, and boulders were exposed, resulting in the application of spatial constraints 

for each utilized geophysical methodology. Furthermore, uneven terrain persisted despite 

clearing the overgrowth, thus forcing the survey team to proceed at a more careful pace to 

minimize the risk of injury. 
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4. Methods and Research Design 

Due to insufficient LiDAR data coverage of the site, and the availability of 

elevation point data from a recent site survey, topographic data for Caisteal Mac Tuathal 

was not collected during this study, but rather obtained from an existing archive and 

reprocessed for use in topographic corrections for geophysical data. Furthermore, the 

shallow soil profile of Caisteal Mac Tuathal precluded the use of resistivity methods, and 

the rough, steep terrain precluded a conductivity survey as well. The terrain conditions 

favored the use of three geophysical survey techniques – magnetometry, ground 

penetrating radar (GPR), and conductivity. However, only magnetometry and GPR  

methods were used in this studies survey of the upper (UT) and lower (LT) terraces (Fig. 

13) due to limited access to appropriate conductivity equipment. 

4.1. General Packet Radio Service Rover and Global Positioning Systems 

On behalf of Forestry Commission Scotland, Enda Flaherty and her team at 

Rubicon Heritage collected topographical data of Caisteal Mac Tuathal in 2014 using a 

general packet radio service (GPRS) rover. These data were provided to the author and 

used to produce a 1 m contour map of the site (Plan 1) and a 0.5 m contour map of the 

upper terrace (Plan 2). Datums for the geophysical survey grids were collected by Dr. 

Nicholas Dixon using a Magellan 5000 Pro global positioning system (GPS) unit. 

4.2. Magnetometry 

Localized variations in the Earth’s magnetic field, as measured at the ground 

surface, correspond to changes in magnetic susceptibility of soils, sediments, and  
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anthropogenic deposits in the subsurface (Batayneh et al., 2007; Leopold et al, 2010). 

Magnetometry measures relative magnetic susceptibility and thermo-remnant magnetism 

at points or along transects, permitting the construction of a 2D or 3D plot for visual 

analysis of subsurface features. Unlike GPR, a magnetometer is more easily utilized in 

vegetated environments (Dirix et al., 2013). However, a magnetometer cannot easily 

distinguish between distinct stratigraphic layers of magnetically congruent sediments 

(Murdie et al., 2003a), although it can definitively assess and characterize a horizontal 

stratigraphy that may represent walls and in-filled trenches (Rego and Cegielski, 2014). 

4.2.1. Utilized Magnetometry Equipment and Methods 

A Bartington Grad-601 fluxgate magnetometer (Fig. 14) was used to measure 

relative magnetic susceptibility and thermo-remnant magnetism along transects spaced 

0.5 m across thirteen 20 m x 20 m grids, each oriented N30°E, S60°E (Fig. 15). Fluxgate 

magnetometers have been used extensively in the study of magnetic susceptibility and 

thermoremnant magnetism of archaeological sites (Milsom, 2003; Asăndulesei, 2011). 

An advantage of the Fluxgate design is that it can be used to rapidly traverse a survey 

grid in a paced and timed fashion. 

4.2.1.1. Magnetometry Data Processing 

Magnetometry data were processed using TerraSurveyor version 3.0.27.0 to 

permit the educing of tree stumps and fells, boulders, bedrock, and archaeological 

features from the raw data. The LT composite (Plans 3 & 4) was destriped
14

, clipped 

from -14.00 to 7.00 nT, and graduated (grad.) shaded; the western LT and swale 

composite (Plan 5) was destriped
6
, clipped from -9.00 to 5.00 nT, and grad. shaded; the 

UT composite (Plans 6 & 7) was destriped
6
, clipped from -40.00 to 20.00 nT, and grad.  

                                                 
14

 Applied to traverses, mean methodology, X orientation, threshold of 1.5σ. 
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Figure 14: The author operating a Bartington Grad-601 fluxgate gradiometer along 

line 2 in grid 5 (reproduced with permission of the photographer, Ervan Garrison). 

 

 

shaded; and the UT circular anomalies composite (Plan 8a) was destriped
6
, clipped from -

50.00 to 15.00 nT, and grad. shaded. Cyan and green color alteration was applied to the 

UT circular anomalies composite (Plan 8b, c) to illustrate that observed patterns were not 

color-shade specific. The UT southwestern rampart composite (Plan 9) was destriped
6
, 

clipped from -35.00 to 20.00 nT, and grad. shaded. 

4.3. Ground Penetrating Radar 

Ground penetrating radar (GPR) is an electromagnetic (EM) technique that can be 

used for both archaeological site prospection and characterization by identifying changes 

in permittivity and conductivity (Milsom, 2003) that could be the result of constructed  
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features.  These changes in permittivity and conductivity can be used to detect 

anthropogenic and environmental stratigraphic anomalies (Murdie et al., 2003a; Gaffney, 

2008; Asăndulesei, 2011). Site prospection is typically conducted using a series of 

transects to locate subsurface anomalies, while site characterization can involve surveys 

in both transect or grid form
15

. Archaeological surveys tend to use the grid approach, 

comprised by transects typically spaced 0.5-1m apart depending upon the antenna 

frequency used and desired survey resolution (Leopold et al., 2011; Böniger & Tronicke, 

2014). 

GPR transmitters vary in frequency output from less than 20MHz to over 2GHz. 

Lower GPR antenna frequencies penetrate the ground deeper than high-frequency 

antennae, though they produce lower resolution scans than those attainable with higher 

frequency antennae. Additionally, GPR surveys of saturated soils and sediments result in 

a lower resolution than can be obtained under dry conditions due to increased attenuation 

of the radar waves. Due to these GPR system characteristics, antenna units typically 

employed in archaeological prospection and characterization can vary from under 

100MHz to 400MHz (Murdie et al., 2003a; Milsom, 2003; Linford & Linford, 2004; 

Böniger & Tronicke, 2014). When feasible, surveys should be conducted during the dry 

season. However, GPR surveys can also be fruitful in damp-to-saturated soils, identifying 

the boundary between the zones of percolation and saturation as well as non-sediment 

anomalies such as stone structures, stone-lined trenches, and metal pipes (Milsom, 2003; 

Murdie et al., 2003a; Ruffell et al., 2004). Furthermore, the digital nature of GPR data 

requires further processing to produce evaluable visualizations. 

                                                 
15

 Refer to Linford and Linford (2004: Fig.2, 3) for line scan (transect) and 3D GPR visualizations. 
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4.3.1. Utilized GPR Equipment and Methods 

 Multi-frequency unshielded, non-ground contact horn GPR antennas are rarely 

used in geophysical surveys today due to their unwieldiness for extensive non-motorized 

surveys of even, level, and/or graded terrain when compared to ground-coupled GPR 

antennas. Furthermore, their use, licensing, utilized frequencies, and radiated emissions 

in the United States of America have been restricted by Federal Communications 

Commission (FCC) Code of Federal Regulations (CFR) report 47 CFR Part 15 Subpart F  

(2002) and it’s 2002, 2003, 2005, and 2007 amendments (CFR, 2015). Shielding has been 

applied to minimize radiated emissions by GPR antennas whose construction postdates 

the enactment of these FCC rulings. Since the possession and operation of unshielded, 

non-ground coupled horn GPR antennas may only occur under FCC permit and/or waiver 

(cf. requests for waivers in FCC, 2004), shielded, ground-coupled GPR antennas have 

become the norm for GPR investigations (E. Garrison, pers. comm., 2015). The 

possession and use of unshielded, non-ground contact horn GPR antennas manufactured 

prior to the enactment of these FCC rulings, including the Geophysical Survey Systems 

Incorporated (GSSI) 16-80 MHz multiple low-frequency (MLF) system owned and 

operated by the University of Georgia, was grandfathered into the legislation. 

The University of Georgia-owned GSSI 16-80 MHz MLF unshielded GPR antenna 

operating at 80 MHz and SIR-2000 control unit connected by a 30 m armored data cable 

(Fig. 16) was used to collect geophysical data at the site.  Changes in permittivity and 

conductivity allow for the detection of anthropogenic and environmental stratigraphic 

anomalies (Murdie et al., 2003a; Gaffney, 2008; Asăndulesei, 2011). The GPR survey 

utilized the 80 MHz unshielded, non-ground contact horn antenna rather than the 100   
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Figure 16: Jackie Hoyt and Dr. Nicholas Dixon maneuvering the 80 MHz MLF GPR 

antenna and armored data cable along Line 15 (reproduced with permission of the 

photographer, Ervan Garrison). 

 

 

MHz ground-coupled antenna available through the University of Georgia because the 

steep, uneven terrain of Caisteal Mac Tuathal precluded the safe and effective handling of 

the 100 MHz antenna (cf. Fig.s 16, 17, & 26). The GPR survey was conducted within the 

area circumscribed by the UT magnetometry grids, with 1 m spaced lines (Fig. 18), to a 

time-depth of 500 ns – the SIR- 2000’s default for an 80 MHz antenna, and a time-depth 

that would permit a complete scan of potential archaeological deposits by penetrating 

bedrock despite the GPR antenna not being ground-coupled. A GPR survey was not 

conducted within the LT area due to the terrain’s impassability with the equipment (cf. 

Fig. 26), and data collection of the UT was interrupted within two  hours of the survey  
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Figure 17: The author (right) and Nick Dixon (left) carrying the GPR antenna and 

associated equipment up the SW slope of Caisteal Mac Tuathal (reproduced with 

permission of the photographer, Ervan Garrison). 

 

 

start on Day 1 due to a 1-hour downpour flooding the data ports on the antenna – an 

incident that required overnight drying to rectify. Day 2 of the GPR survey proceeded 

without further incident. 

4.3.1.1. GPR Data Processing 

The GPR data were processed using GPR_Slice version 7.0 to identify 

environmental and potential archaeological anomalies in profile (radargrams) and in plan 

(grids sampled at multiple depths; time-slices). 
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Figure 18: Map of GPR lines with selected topography. 

 

 

4.3.1.1.1. Radargrams 

 GPR radargrams – the first observed format for modern GPR data – are profiles of 

a radar signal along a continuous scan between two points – start of line (SOL) and end 
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Figure 19: Example of a gain-adjusted radargram (line 1 of this study). The red 

arrow points to the base of the Fresnel zone at a range of ~70 ns. 

 

 

of line (EOL) – within a survey. The x-axis is line length in metres, and the y-axis is 

depth. The observed depth, or range, of each radargram is initially measured 

innanoseconds (10
-9

 seconds; ns) – frequently referred to as the time window – and is 

determined prior to the survey and input into the GPR controller alongside other survey 

parameters (e.g. samples per scan, vertical high- and low-pass filters, and scans per  

second). Depth measurement in a distance metric is not determined or estimated until 

ground-truthing or migration analysis occurs, respectively. Most GPR control units, 

including the GSSI SIR-2000 utilized in this survey, have pre-programmed settings for  

the various compatible GPR antennas (GSSI, 2001; GSSI, 2009). 

In order to process and interpret GPR data, it is important to determine where the 

ground surface is recorded in the radargrams, and then adjust, or time-zero, the 

radargrams to reflect the true ground surface. The first waveform visible in the wiggle 

traces of the radar signal is not the ground surface, but rather the start of the Fresnel Zone 

– the region within the first emitted or refracted radar waveform where the observed 

signal is comparatively weak (low amplitude reflections) to those in subsequent 

waveforms (Fig. 19; Malyshkin et al., 2011). With long wavelength antenna
17

, such as the 

                                                 
17

 Wavelengths greater than or equal to 1 m. 
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80 MHz antenna used in this study, the ground surface may be included within and thus 

obscured by the Fresnel Zone, and must therefore be identified during processing. 

The GPR data were processed in two grids due to program limitations in compiling a 

montage of differently-gained GPR data: Day 1 was composed of lines 1-20; and Day 2 

was composed of lines 21-77. The radargrams for each grid had their time/depth adjusted 

(refer to section 2.2.3.1.3 for further details) and were batch gain-wobbled, time-zeroed, 

resampled, background filtered, and topographically corrected (refer to section 2.2.3.1.4 

and Plan 14 for further details) to draw out the geophysical anomalies from the raw data 

and background noise. The radargram images for lines comprised of multiple scans were 

spliced together to permit better visual analysis of the processed radargrams (Radargrams 

1-10). 

4.3.1.1.2. Time-slices 

Plan views of GPR data – frequently called time-slices – are arbitrarily spaced 

slices at consistently spaced time-depths across gridded, interpolated GPR radargrams. 

This permits the visualization of the radar data at sequentially shallower-to-deeper radar 

surfaces. Each GPR grid for this survey was time-sliced 40 times during the 

slice/resample/XYZ processing, had search and blanking radii of 2.5 applied during 

gridding, and was interpolated 4 times between slices to produce high-resolution plans 

and three-dimensional models of each grid at regular depths (cf. Plans 10-13 & Fig.s 31-

33). A complete list of processing applied to the GPR data is located in Appendices A 

and B. Time-slices for topographically corrected data were produced using the extract 3D 

volume XYZ planes to 2D*.grd format program to minimize data distortion produced 

when utilizing slice/resample/XYZ. 



39 

 

4.3.1.1.3. Migration Analysis 

 Ranges of acceptable dielectric constants and radar wave velocities rather than 

exact values were determined for migration analysis due to density of bracken and sedge 

at the surface, and the uneven distribution of the humus-iron podzol overburden atop the 

amphibolite bedrock within the geophysical survey grids at Caisteal Mac Tuathal (Table 

2; Shukla, 2014). However, complete migration analyses were not conducted for the GPR 

grids due to the significant vegetation cover and shallow soils at site; the GPR_Slice 

“search” function for migration analysis data was used to extrapolate each grid’s 

dielectric constant and average radar wave velocity from hyperbolas within the soil 

profile. The dielectric constant and radar wave velocity were input into the GPR_Slice 

plot options for relative depth; the radar wave velocity and dielectric constant for the 

bedrock was not included because this survey was not interested in depth to bedrock at 

the site. The objective of this research was to identify structural extent of the site, not the 

stratigraphy of any potential structures identified therein – something the comparison of 

unmigrated and migrated GPR data would permit (Conyers, 2013:140).  

 

Table 2: Relative dielectric constants and radio wave velocities for selected 

geological materials at Caisteal Mac Tuathal. 

 

Material Ɛr Velocity (m/ns) Source 

Fine-grained soils 41-49 0.043-0.047 Reynolds, 2011 

Amphibolite 8 N/A 
Simmons et al., 1981; 

Parkhomenko, 1967 
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4.3.1.1.4. Topographic Corrections 

 When conducting geophysical 

investigations – especially when the techniques 

utilized image the subsurface through a range 

of depths – it is important to topographically 

correct data to improve site interpretations 

(Goodman & Piro, 2013). For GPR 

investigations, topographic corrections involve 

two primary processes: surface elevation 

correction and correcting for antenna tilt. 

Correcting surface elevation for each 

line of the GPR survey is beneficial because it 

aligns anomalies that are along the same 

contour, correctly repositioning those with more, or less, overburden than other 

anomalies along the same contour (Fig. 20). Correcting for antenna tilt is important 

because the recorded data are observations of the subsurface perpendicular to the motion 

of the antenna, thus tilting the antenna results in repeated measurements when traversing 

a mound and gaps in the record when traversing a ditch (Fig. 21). However, tilt 

corrections need only be applied if the utilized antenna is actually tilted during the survey 

– something ground-coupled antennas are highly susceptible to while unshielded, horned 

antennas are portaged and only susceptible to tilt if the operator physically adjusts the 

angle of the antenna. In this study, tilt corrections were not applied to the topographic 

Figure 21: Uncorrected, topo-

corrected, and topo/tilt-corrected 

radar wave ray diagrams (after 

Goodman et al., 2006) 
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corrections of GPR data because a non-ground-coupled 80 MHz unshielded, horned 

antenna was used. 

4.4. Ground-truthing 

Ground-truthing observed geophysical anomalies is important not only to identify 

the causes of the anomalies, but also to determine their exact depths and adjust the 

radargrams accordingly. Ground-truthing was not conducted in this survey except for 

magnetometry and GPR anomalies resulting from visible surficial features (e.g. trenches 

and holes, tree stumps and fells, boulders, outcropping bedrock). The absence of 

thorough ground-truthing is primarily due to restrictions placed on the survey by the 

Historic Scotland geophysical survey permit application process, and also by the time 

available to conduct the surveys. 
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Figure 22: Upper terrace southern baseline, looking N60°W (reproduced with 

permission of the photographer Ervan Garrison). 

 

 

6. Results 

Prior to discussion of the lower and upper terrace results it is important to note 

that a strong positive anomaly can be produced in magnetometry data by any rapid 

increase in distance between the sensor and the ground. This is particularly evident in the 

compilation of upper terrace grids, where strong positives are recorded along the steep 

slope and at foliage-covered pits and ditches along the western and southern baselines 

(Fig. 22), and in the center of grid 10 where a trench formed by an uprooted tree was 

encountered (Fig. 23). Both magnetometer and GPR anomalies within the UT surveys are 
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Figure 23: Bedrock outcrops and hidden boulders, tree stumps and fells in 

magnetometry Grids 9, 10, 12, and 13 (reproduced with permission of the 

photographer Ervan Garrison; modified by the author). 

 

 

more easily identifiable as environmental or potentially archaeological due to the more 

open, generally less obstructed terrain (cf. Fig.s 23 & 24). 

6.1. Lower Terrace 

No potential archaeological geophysical anomalies were identified within the 

lower terrace (datum:  277803.499 E, 747602.825 N) magnetometry data. 

6.1.1. Magnetometry 

The LT magnetometry data (Fig.s 25 & 27) included anomalies bordering the (20 

m, N30°E) baseline are resultant from the steep slope into the ditch, tree fells and stumps, 

and boulders. The general evenness along the southwestern baseline was caused by 

shallow bedrock. Shallow bedrock is also visible along the data gap in Grid 5, and was  
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confirmed as this due to bedrock outcropping in the area (cf. Fig. 18). This conclusion is 

further verified by observations in the UT magnetometry data. The southwestern gaps in 

data within Grids 3 and 4 are due to impassable terrain caused by tree piles (Fig. 26). The 

northeastern gap in the Grid 3 and 4 data is due to impassable steep terrain. 

 Grids 1 and 5 of the LT magnetometry data were composited and enlarged for 

better interpretations (Fig. 27). The southwestern third of this composite illustrates 

shallow bedrock. The anomalies bordering the 20 m, N30°E baseline are resultant from 

tree piles, tree stumps, and large boulders. There was approximately 20 cm of standing 

water was also present in this region during data collection. The large dipoles at 

coordinates (12, 18) and (5, 33) are large boulders. The gaps in Grid 1 data are due to 

impassable terrain caused by piles of felled trees, and the gap in Grid 5 data is due to 

impassable steep outcropping bedrock. 

6.1.2. Ground Penetrating Radar 

The interpretation of the lower terrace archaeogephysical data was developed 

solely from processed magnetometry data rather than the multi-technique study applied to 

the upper terrace. This is because of the aforementioned shallow bedrock, and terrain too 

strewn with logging debris, too steep, and too unstable to properly and safely conduct a 

survey with the 80 MHz MLF GPR antenna. 

6.2. Upper Terrace 

The upper terrace (datum:  2778550725 E, 747638.732 N) has numerous 

environmental, and many potential archaeological and geophysical anomalies. Of 

particular interest is the rubble stratum visible along the western and southern borders of  

  



48 

 

 

 

 

  

F
ig

u
re

 2
6

: 
A

n
n

o
ta

te
d

 p
h

o
to

g
ra

p
h

 o
f 

th
e 

lo
w

er
 t

er
ra

ce
 l

o
o
k

in
g
 s

o
u

th
. 
T

h
e 

w
h

it
e 

li
n

es
 a

re
 b

a
se

li
n

es
 f

o
r 

G
ri

d
s 

1
-5

, 
th

e 
b

lu
e 

h
a
tc

h
 i

s 
a
 r

eg
io

n
 w

it
h

 2
0
 c

m
 o

f 
st

a
n

d
in

g
 w

a
te

r,
 t

h
e 

y
el

lo
w

 h
a
tc

h
es

 a
r
e 

tr
ee

 f
el

ls
 a

n
d

 s
tu

m
p

s,
 t

h
e 

b
la

ck
 h

a
tc

h
es

 a
re

 b
o
u

ld
er

s 

g
re

a
te

r 
th

a
n

 1
 m

 i
n

 d
ia

m
et

er
, 
a
n

d
 t

h
e 

re
d

 h
a
tc

h
es

 a
re

 1
+

 m
 d

ro
p

-o
ff

s 
h

id
d

en
 b

y
 f

o
li

a
g
e 

(r
ep

r
o
d

u
ce

d
 w

it
h

 p
er

m
is

si
o
n

 o
f 

th
e 

p
h

o
to

g
ra

p
h

er
 E

rv
a
n

 G
a
rr

is
o
n

; 
a
n

n
o
ta

ti
o
n

s 
b

y
 t

h
e 

a
u

th
o
r)

. 



49 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 27: Reprocessed western LT and swale composite. The areas constrained by 

the red-dashed lines and grid boundaries have been interpreted as shallow bedrock. 
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the upper terrace survey area that is likely debris remaining from the collapse of Caisteal 

Mac Tuathal’s former ramparts. 

6.2.1. Magnetometry 

In the UT magnetometry data (Fig. 28), the strong positive anomaly between the 

data gaps in Grid 10 is resultant from a ditch formed by a large uprooted tree trunk; the 

positive anomalies in northeastern Grid 11 are due to the surveyor climbing over a tree 

fell while collecting data; and the strong dipole in the northeastern corner of Grid 9 is due 

to surface metal. The strong positive anomaly along the southwestern baseline in Grid 7 

is caused by the exposed southwest rampart, while the general smoothness of the 

magnetometry data in the northeastern half of Grid 7 is due to shallow bedrock – the 

same as that observed in the lower terrace grids along the (20 m, N30°E) baseline.  

Shallow bedrock is also evident along the UT (20 m, N30°E) baseline in Grids 6 and 8, 

and throughout Grids 10-13. The square-shaped anomaly in Grid 12 is likely caused by a 

large uprooted tree trunk (cf. Figs. 23 & 24), and the apparent semi-circular anomaly in 

Grid 13 is caused by the boundary between exposed bedrock and soils. The small 

anomaly in the northwestern part of this semi-circle is due to a surficial rock. 

The two semi-circular anomalies in Grids 6, 8, and 9 (Fig. 29) were reprocessed 

and color-treated to allow for further distinction between potential environmental and 

archaeological anomalies. These two anomalies bulge from the (0 m, N30°E) baseline, 

each respectively centered on 17 m and 39 m N30°E from the UT datum. The 

southwestern of these two anomalies is likely the collapsed remains of a structure 

attached to the rampart. The northeastern anomaly is more difficult to interpret due to an 

increase in environmental anomalies caused by several tree trunks and uprooted trees (cf.  
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Figure 28: Processed UT magnetometry grid composite. The areas constrained by 

the red-dashed lines and grid boundaries have been interpreted as shallow bedrock, 

the blue arcs circumscribe the semi-circular anomalies, and the yellow-dotted line 

outlines the rampart’s interior face.  
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Figs. 23 & 24). The strength of the northwestern rampart anomaly decreases between the 

two circular anomalies, and is likely the location of an entrance to the site. 

6.2.2. Ground Penetrating Radar 

Several environmental and potential archaeological anomalies were identified 

within the GPR data (Figs. 30-32); a few distortions resultant from the processing 

techniques applied to the data were noted, including the strong positive anomalies in Grid 

1 at (16, 18-26) and in Grid 2 at (38, 55-60), both of which result from data extrapolation 

across line breaks. Data along the southwestern border have also been distorted due to 

processing. Confirmed environmental anomalies include the three positive anomalies 

along x = 36 (Figs. 30-32) – reflections resultant from uprooted tree trunks – and the arc 

opening west centered on (31, 25) (Fig. 32) – reflections resultant from the bedrock 

surface (southeastern reflections) and a tree trunk (northeastern reflections). The 

moderate positive, arcing anomaly (Figs. 30-32) in Grid 2 centered on (16, 50) is 

resultant from a large overturned tree trunk which the antenna was swung around rather 

than lifted over. Furthermore, the isolated, positive anomalies (Figs. 30-32) at (25, 15), 

(22, 38), (27, 40), (27, 48), and (31, 45) correlate to surficial tree stumps and boulders, 

and the positive anomalies centered on (21, 10) and (29, 9) correlated to steep slopes and 

outcropping bedrock. 

The semi-circular anomalies in the magnetometry data along the western rampart 

are also observable in the GPR data (Figs. 30 & 31). The northern semi-circular anomaly 

is still obscured in the GPR data due to the overlying tree trunks and rough terrain. 

However, the southern semi-circular anomaly was further resolved – a circle of six strong 

positive anomalies was elucidated, although two of these anomalies may simply be radar  
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Figure 30: Gain-adjusted, resampled, background filtered, and topographically 

corrected composite of GPR Grids 1 and 2 at an approximate depth of 3.34-4.28 m 

below site maximum elevation (341.5 m a.m.s.l.). The depth for each grid differs due 

to different surface elevations used as time-zero – a 2 m-offset between the two. The 

black arcs highlight the semi-circular anomalies. 
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Figure 31: Gain-adjusted, resampled, background filtered, and topographically 

corrected composite of GPR Grids 1 and 2 at an approximate depth of 3.75-4.69 m 

below site maximum elevation (341.5 m a.m.s.l.). The depth for each grid differs due 

to different surface elevations used as time-zero – a 2 m-offset between the two. The 

black arcs outline the semi-circular anomalies, and the black dashed line outlines 

the interior of the rampart. 
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Figure 32: Gain-adjusted, resampled, background filtered, and topographically 

corrected composite of GPR Grids 1 and 2 at an approximate depth of 5.31-6.25 m 

below site maximum elevation (341.5 m a.m.s.l.). The depth for each grid differs due 

to different surface elevations used as time-zero – a 2 m-offset between the two. The 

black arc outlines the northern semicircular anomaly, and the dashed black line 

outlines two sections of the observed ramparts and defines the gap within them.  
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reflections from tree trunks (cf. Figs. 24, 30, & 31). These two circular anomalies cease 

approximately 5.31-6.28 m below site maximum elevation. 

The rampart observed on the surface and in the magnetometry data is also clearly 

defined in the GPR survey, with the location and potential characteristics of buried 

portions identified. The rampart is clearly visible in the radar reflections along the 

western and southern baselines (cf. Fig.s 32 & 33). At y = 20-25 m, between the two 

semi-circular anomalies at shallower depths, a gap in the rampart is evident by the 

decreased reflection strength – a potential entrance (cf. Figs. 30-34). This gap aligns with 

the sloping terrace (cf. Fig. 14) that connects the LT to the rampart from the southeast. 
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7. Discussion and Pre-Ground-truth Conclusions 

7.1. Comparison to Previous Surveys and New, Pre-ground-truth Conclusions 

Rubicon Heritage (2014) proposed site features for Caisteal Mac Tuathal after 

conducting a surface and GPRS rover survey (Fig. 35). The 2015 topographical and 

geophysical survey discussed here did not locate the southern annex or possible entrance 

proposed by Rubicon Heritage, but did locate two potential structures and an entrance 

along the northwestern rampart instead (Fig. 36). The northern annex and possible 

entrances proposed by Rubicon Heritage were not explored due to time limitations on the 

survey and the need for extensive site clearing. 

Interpretations of topographic, magnetometry, and GPR data from the July 2015 

survey of Caisteal Mac Tuathal have revealed a potential entrance through, and potential 

structural elements along, the western rampart. These potential structures along the 

interior to the western rampart include a potential platform/lookout tower (southern 

semicircular anomaly) and a potential residence and/or small byre (northern semicircular 

anomaly), with more confidence placed upon the interpretation of the southern anomaly 

due to numerous tree trunks atop the northern semicircular anomaly inhibiting a thorough 

analysis of the potential structure. Apart from the magnetometry anomaly in Grid 13, 

there are no geophysical data indicating other features inside the surveyed hillfort/upper 

terrace or along the lower terrace. However, this lack evidence is not unexpected due to 

the shallow soil profile encountered at the site precluding extensive preservation of 

archaeological material in situ. Any archaeological materials or features that have 
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Figure 35: Proposed structural features of Caisteal Mac Tuathal after Rubicon 

Heritage's 2014 surface walk and topographic survey of the site. 
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Figure 36: Structural features proposed for Caisteal Mac Tuathal by this July 2015 

multi-technique geophysical survey. 
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remained in situ would likely be recovered from within the rubble stratum of the 

collapsed ramparts, particularly around the proposed defensive tower/ structure attached 

to the western rampart, and the proposed entrance between the two. One reason for this 

conclusion is that the rubble would protect potential archaeological features from erosion, 

if said features are indeed present. 

7.2. Proposed Archaeology 

Of the fortified Iron Age settlement types in the British Isles, brochs and duns are 

structurally similar; the differentiation between them appears to be linguistic in origin, 

with broch more prevalent in Norse-influenced northern Scotland and dun more prevalent 

in Gaelic-influenced western Scotland (Romankiewicz, 2011a). Hillforts and promontory 

forts, on the other hand, are geographically defined; regardless of similar structural 

morphologies, the term hillfort is used to describe inland forts atop locally elevated 

topography, and promontory fort is used to describe forts atop coastal cliffs (Lamb, 1980; 

Cunliffe, 2005).  

 Caisteal Mac Tuathal is a hillfort. No evidence for a circular broch/dun structure 

(e.g. those observed at Dun Ardtreck in Skye and Dun Mhadaidh in Argyll; 

Romankiewicz, 2011b) confined by the upper terrace ramparts and cliff faces was 

observed. Furthermore, the potential structures bordering the possible entrance through 

the rampart appear to be built out from the rampart rather than pre-existing structures 

being incorporated into the rampart during construction, like those at the Jarlshof 

enclosed broch village in Shetland and the Midhowe broch in Orkney (cf. Fig. 30 and 

MacKie, 2002:Fig.s 4.29 & 5.112). The uneven and frequently steep bedrock outcrops 

within the UT would preclude the construction of stable, drystone structures therein 
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(Romankeiwizc, 2011a), limiting zones for potential construction to along the interior of 

the ramparts and small flat areas in the middle of the terrace north and south of the 

outcropping bedrock centered on GPR grid coordinates (26, 30). Furthermore, the 

proposed entrance to the site would be of practical use for the site’s original occupants 

due to the abutting sloping terrace connecting the UT and LT, similar to that observed at 

the Kaimes hillfort in Midlothian (Simpson, 1969). 

 The Kaimes hillfort is topographically and structurally similar to the proposed 

archaeology of Caisteal Mac Tuathal – it is bordered by cliff faces on two sides, has an 

enclosed space with flat areas separated by steep terrain and exposed bedrock, and has an 

entrance atop a sloping terrace connecting the lower exterior landscape to the ramparts 

(Simpson, 1969). However, prior to modern quarrying, the Kaimes hillfort was almost 

four times larger (2.11 ha vs. 0.59 ha [RCAHMS, 1927; Feachem, 1963]); had a series of 

five and seven ramparts defending the lower and upper site areas, respectively; had 

visible structural remains of residences within the hillfort; and had timber constructions, 

at least in part, within earlier rampart contexts (Simpson, 1969). 

 Caisteal Mac Tuathal was built upon stable bedrock, the ramparts and two 

proposed structures at the site likely following the prehistoric Scottish tradition (Armit, 

1990) of drystone masonry and are not timber-laced due to the distinct lack of significant 

forestation in the region prior to reforestation during the Victorian era (Batcheler, 1960). 

It is this lack of significant forestation that likely precluded the construction of Caisteal 

Mac Tuathal at the highest point of Drummond Hill; frequently strong winds and 

constant exposure to the elements would have likely rendered Caisteal Mac Tuathal 

unusable if it was not constructed on the more sheltered outcrop on Drummond Hill’s 
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northern terminus. Due to the site’s current state of preservation excavation is required to 

resolve whether or not Caisteal Mac Tuathal expresses the architectural characteristics of 

vitrified, rubble-and-earth-cored drystone faced, or simply a drystone hillfort (Cunliffe, 

2005). Also obscured by the overlying rubble is the proposed entrance through the 

western rampart. The GPR data contains a distinct gap, and the magnetometry data has an 

anomaly that is relatively muted in comparison with the adjacent ramparts, in the western 

rampart where the proposed entrance is (cf. Fig.s 32 & 33). However, exact entrance 

morphology is not distinguishable in the geophysical data, requiring ground-truthing 

excavations to clarify its potential as a site entrance. 

7.3. Caisteal Mac Tuathal, the Loch Tay Crannogs, and Glen Lyon 

Due to Caisteal Mac Tuathal’s prominent location in the local landscape, and 

proximity to Loch Tay, it would be unsurprising, even expected, for future investigations 

to reveal a temporal and/or material connection between Caisteal Mac Tuathal and the 

Loch Tay crannogs. If discovered during these potential future investigations of the site, 

this proposed connection between Caisteal Mac Tuathal and the Loch Tay crannogs 

would indicate the hillfort was constructed during the Early Scottish Iron Age and served 

primarily as a lookout and potential refuge for the Loch Tay, and possibly Glen Lyon, 

communities. This potential connection between Caisteal Mac Tuathal and the 

settlements along Loch Tay and within Glen Lyon can be tested by the following 

proposed future studies of Caisteal Mac Tuathal along with a thorough study of the 

available archaeological record from, and literature of, the Loch Tay crannogs and Glen 

Lyon settlements. 
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7.4. Future Studies at Caisteal Mac Tuathal 

The geophysical surveys conducted herein did not extend to the sloping terrace 

connecting the northwestern rampart to the lower terrace, the northwestern annex 

identified by Rubicon Heritage (2014), or farther down-slope around the hillfort due to 

time constraints and recurring inclement weather precluding site access and use of the 

GPR equipment. However, additional geophysical studies utilizing magnetometry and 

GPR should be applied to this sloping terrace, and magnetometry surveys should be 

conducted along the base of the eastern and northern cliff-faces to test for archaeological 

materials impacted by colluvial processes and the presence of any midden outside the 

rampart’s confines. A systematic bucket auger survey would be a logical follow-on to 

these additional geophysical surveys in order to confirm presence of any buried 

archaeological materials or features. Furthermore, a systematic remote sensing survey of 

the down-slope areas around the hillfort, particularly the area to the west (cf. the 

northwest edge of the clearing and into the forested region in Fig. 1c), should be 

conducted to determine said areas’ potential to contain archaeological material, e.g. a 

LiDAR or thorough GPRS survey for a more extensive topographic survey followed by 

GPR, magnetometry, and, if the soil profile is sufficiently deep, resistivity surveys and 

ground-truthing. 

Additionally, test trenches should be excavated across the proposed entrance and 

the two proposed structures along the western rampart to ground-truth the geophysical 

data and conclusions presented in this study. It would be particularly beneficial to recover 

material that can be radiocarbon dated as this would permit further discussion of the site 

in relation to the crannogs of Loch Tay; Caisteal Mac Tuathal’s prominent location at the 
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entrance to the Tay Valley and Glen Lyon certainly requires a discussion of its use – or 

lack thereof – by the communities therein. Additional test trenches should be excavated 

across the trench separating the lower terrace from the hillfort to determine whether the 

trench is environmental or archaeological in origin, and to identify potential quarrying of 

construction material for Caisteal Mac Tuathal’s ramparts from this trench. 
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8. Appendices 

Appendix A: GPR_Slice Data Conversion, Resampling, Velocity Analysis, and 3D 

Volume Creation Data 
 

Group Process Lines 1-20 Lines 21-77 

Relative Depth 
Ɛr  33.28 33.28 

Velocity (m/ns)  0.052 0.052 

Data Conversion 
17-point gain adjust 

0 1 1 

1 1 1 

2 1 1 

3 1.5 2 

4 2 2 

5 4.5 3.5 

6 3.5 2 

7 3.5 2 

8 4.5 2 

9 6.5 2 

10 8 2 

11 5.5 1.5 

12 2 2 

11 3 2 

14 2.5 1.5 

15 3.5 2 

16 1.5 1.5 

Wobble Length 52 52 

Slice/Resample 

# of Slices 40 40 

Samples to 0 ns 36 46 

Cuts per mark 7 7 

Resampling process squared amplitude squared amplitude 

% Overlap 50 50 

Gridding* 

Grid cell size 0.075 0.1 

X search radius 2.5 3 

Y search radius 2.5 3 

Blanking radius 2.5 2.5 

Pixel # of interpolations 4 4 

*Topography Gridding Parameters: grid cell size = 0.075; search and blanking radii = 5. 
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Appendix B: Topographic Correction Data 

X (m) Y (m) Z (m) X (m) Y (m) Z (m) X (m) Y (m) Z (m) 

1 3 336.5 4 33.4 338 8 5.5 337.5 

1 4.5 337 4 39.1 337.5 8 9.8 338 

1 11.7 337.5 4 40 338 8 17.1 338.5 

1 15.6 338 5 0 336.5 8 18.7 338 

1 21.4 338.5 5 3.5 337 8 20.7 338.5 

1 22.3 338 5 6.6 337.5 8 23.7 338 

1 23.5 337.5 5 14 338 8 24.7 338.5 

1 27 338 5 17.1 338.5 8 27.4 338 

1 28.1 337.5 5 18.3 338 8 40 338.5 

1 30.2 337 5 27.1 338.5 9 0 336 

1 32.6 336.5 5 28.6 339 9 0.8 336.5 

1 35 336 5 29.8 338.5 9 3.9 337 

1 40 336.5 5 31.5 338 9 5.4 337.5 

2 3 336.5 5 33.8 338.5 9 8 338 

2 3.9 337 5 35.4 338 9 15.5 338.5 

2 11.2 337.5 5 38.9 337.5 9 16.7 338 

2 16.3 338 5 40 338 9 20.7 338.5 

2 25.2 338.5 6 0 336.5 9 32.9 338 

2 27.3 338 6 3.7 337 9 40 338.5 

2 29.1 337.5 6 5.6 337.5 10 0 337 

2 40 337 6 10.7 338 10 0.2 337.5 

3 1 336.5 6 13.6 338.5 10 3.5 337 

3 3.5 337 6 14.7 338 10 5.5 337.5 

3 7.9 337.5 6 17.4 338.5 10 6.5 338 

3 17.3 338 6 18.7 338 10 15.6 338.5 

3 26.3 338.5 6 31.7 338.5 10 18.9 338 

3 27.9 338 6 33.2 339 10 21.3 338.5 

3 33.9 337.5 6 34.8 338.5 10 33.5 338 

3 37.6 337 6 40 338 10 37.6 338.5 

3 39.6 337.5 7 0 336.5 10 38.3 338 

3 40 338 7 3.9 337 10 40 338.5 

4 0 336.5 7 5.5 337.5 11 0 336 

4 3.4 337 7 10.3 338 11 0.1 336.5 

4 8 337.5 7 14.1 338.5 11 2.8 337 

4 14.1 338 7 18.4 338 11 5.7 337.5 

4 16.6 338.5 7 35.9 338.5 11 6.5 338 

4 17.8 338 7 39 338 11 15.7 338.5 

4 28 338.5 7 40 338.5 11 17.6 338 

4 29.7 338 8 0 336.5 11 21.9 338.5 

4 32.4 337.5 8 4 337 11 23.8 338 
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X (m) Y (m) Z (m) X (m) Y (m) Z (m) X (m) Y (m) Z (m) 

11 26.4 338.5 14 27.9 338.5 18 21.4 339.5 

11 32.2 338 14 30.2 338 18 21.5 340 

11 37.4 338.5 14 39.4 338.5 18 22.4 339.5 

11 38.8 338 14 40 338 18 22.9 339 

11 40 338.5 15 0 337 18 24.6 338.5 

12 0 336.5 15 2.8 337.5 18 25.5 339 

12 2.4 337 15 4.5 338 18 27.2 339.5 

12 4 337.5 15 13.8 338.5 18 28.5 339 

12 5.4 337 15 14 339 18 40 338.5 

12 6.1 337.5 15 26 339 19 0 336.5 

12 6.8 338 15 27.4 338.5 19 2.8 337 

12 21.7 338.5 15 30.5 338 19 3.8 337.5 

12 23.4 338 15 39.8 338.5 19 6.5 338 

12 26.6 338.5 15 40 338 19 10.4 338.5 

12 29.5 338 16 27 339 19 12.9 339 

12 40 338.5 16 27.2 338.5 19 17.3 339.5 

13 0 336.5 16 30.2 338 19 18.3 340 

13 2.3 337 16 40 338.5 19 20.8 339.5 

13 2.9 337.5 16 3 337 19 22.7 340 

13 4 338 16 4.6 337.5 19 24.1 339.5 

13 4.2 337.5 16 7.2 338 19 27.3 340 

13 5.8 337 16 13.9 338.5 19 29 339.5 

13 6.5 337.5 16 17 339 19 33.8 339 

13 7.3 338 17 0 336.5 19 40 338.5 

13 21.8 338.5 17 2.5 337 20 0 336.5 

13 24.3 338 17 4 337.5 20 3.2 337 

13 25.9 338.5 17 6.7 338 20 4.1 337.5 

13 27.8 338 17 10.4 338.5 20 6.8 338 

13 29.3 338.5 17 21.9 339 20 10.9 338.5 

13 40 338 17 27.3 338.5 20 13.3 339 

14 0 336.5 17 29.2 338 20 17 339.5 

14 2.3 337 17 40 338.5 20 18.8 340 

14 2.9 337.5 18 0 336.5 20 21 339.5 

14 3.9 338 18 2.6 337 20 23.2 340 

14 4.2 337.5 18 3.8 337.5 20 23.9 339.5 

14 5.9 337 18 6.5 338 20 25.6 340 

14 6.5 337.5 18 10.3 338.5 20 29.2 339.5 

14 7.6 338 18 13.2 339 20 34.6 339 

14 22.8 338.5 18 17.9 339.5 20 40 338.5 

14 25.5 338 18 20.6 339 22 0 336 
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X (m) Y (m) Z (m) X (m) Y (m) Z (m) X (m) Y (m) Z (m) 

22 0.7 336.5 24 39.7 338.5 27 18.1 339.5 

22 4.1 337 24 40 338 27 25.2 340 

22 5.2 337.5 25 0 336 27 27.8 339.5 

22 8.5 338 25 1.1 336.5 27 28 340 

22 10.9 338.5 25 4.7 337 27 30 340.5 

22 13.1 339 25 6.5 337.5 27 32 340 

22 17.6 339.5 25 10.8 338 27 33 339.5 

22 25.6 340 25 13.2 338.5 27 36.9 339 

22 31.6 339.5 25 14.6 339 27 37.2 338.5 

22 34.3 339 25 19.3 339.5 27 38.8 339 

22 40 338.5 25 28.5 340 27 40 338.5 

23 0 336 25 30 339.5 28 0 336.5 

23 1.1 336.5 25 32 340 28 4.6 337 

23 4.5 337 25 34 339.5 28 6 337.5 

23 5.9 337.5 25 35.2 339 28 8.5 338 

23 9.6 338 25 29.8 338.5 28 11 338 

23 11.1 338.5 25 40 338 28 11.7 338.5 

23 13.8 339 26 0 336 28 11.8 339 

23 19.6 339.5 26 1 336.5 28 13.1 339.5 

23 25.4 340 26 4.7 337 28 15.2 339 

23 28.1 339.5 26 6.7 337.5 28 19.3 339.5 

23 29.3 340 26 9 338 28 25 340 

23 32.5 339.5 26 10 338.5 28 26.5 339.5 

23 34.3 339 26 11 338.5 28 29.3 340 

23 37 338.5 26 11.2 338 28 34.8 339.5 

24 0 336 26 13.1 338.5 28 37 340 

24 1.2 336.5 26 14.7 339 28 37.2 339.5 

24 4.7 337 26 17.9 339.5 28 39 339 

24 6.3 337.5 26 26.4 340 28 40 338.5 

24 10.3 338 26 27.2 339.5 29 0 336 

24 12.2 338.5 26 31.6 340 29 1.4 336.5 

24 14.4 339 26 32.7 339.5 29 4.8 337 

24 19.9 339.5 26 35.9 339 29 9.2 337.5 

24 25.2 340 26 40 338.5 29 10.7 338 

24 27.2 339.5 27 0 336.5 29 11.8 338.5 

24 28.7 340 27 4.6 337 29 15.5 339 

24 32 339.5 27 6.8 337.5 29 20.9 339.5 

24 33 340 27 11.1 338 29 29.6 340 

24 34.5 339.5 27 12.5 338.5 29 30 339.5 

24 36 339 27 14.9 339 29 31 340 
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X (m) Y (m) Z (m) X (m) Y (m) Z (m) X (m) Y (m) Z (m) 

29 32.2 339.5 31 33.1 340.5 28 49.5 338 

29 32.8 340 31 33.9 340 28 50.6 337.5 

29 33.9 340.5 31 38.7 339.5 28 52.1 337 

29 36.7 340 31 40 339 28 53.7 337.5 

29 37.7 339.5 23 40 338.5 28 58.2 337 

29 39.9 339 23 44.1 338 28 60 336.5 

29 40 338.5 23 48 337.5 29 40 339 

30 0 336 24 40 338.5 29 42.8 338.5 

30 1.6 336.5 24 43.6 338 29 47 338 

30 5 337 24 48 337.5 29 49 338.5 

30 7 337.5 24 49 338 29 51 338 

30 10 338 24 50 338.5 29 56.6 337.5 

30 13 338.5 24 51 338 29 57.8 337 

30 13.5 339 24 51.9 337.5 29 59.5 336.5 

30 14.7 339.5 24 57.3 337 29 60 337 

30 16.3 339 24 60 336.5 30 40 339.5 

30 21.4 339.5 25 40 338.5 30 42.2 339 

30 30 340 25 43.7 338 30 47 338.5 

30 31.5 341.5 25 46 337.5 30 49.5 339 

30 32 341 25 49 338 30 51.5 338.5 

30 34.3 340.5 25 51.3 337.5 30 52.4 338 

30 35.1 340 25 57.4 337 30 57.7 338 

30 38.2 339.5 25 60 336.5 30 59.9 337.5 

30 40 339 26 40 339 30 60 337 

31 0 335.5 26 40.3 338.5 31 40 339.5 

31 0.5 336 26 43.9 338 31 44.1 339 

31 1.5 336.5 26 46 337.5 31 49.3 338.5 

31 5.9 337 26 49 338 31 55.6 339 

31 6 337.5 26 52.2 337.5 31 58.9 338.5 

31 10 338.5 26 57.4 337 31 60 338 

31 13 339.5 26 60 336.5 32 40 339.5 

31 13.9 340 27 40 339 32 44.8 339 

31 14 339.5 27 40.8 338.5 32 48.8 338.5 

31 15.1 339 27 44.4 338 32 51.6 339 

31 20.5 339.5 27 50 337.5 32 52.1 339.5 

31 21.2 340 27 52.4 337.5 32 59 339 

31 21.9 340.5 27 56.9 337 32 60 338.5 

31 29 340 27 50 336.5 33 40 339.5 

31 30.5 341.5 28 40 339 33 44.9 339 

31 32 341 28 42.6 338.5 33 49.7 338.5 



72 

 

 

X (m) Y (m) Z (m) X (m) Y (m) Z (m) X (m) Y (m) Z (m) 

33 52.4 339 42 60 339 19 53 337.5 

33 60 338.5 43 40 340 19 56 337 

34 40 339.5 43 48.3 339.5 19 57 336.5 

34 45 339 43 60 339 18 40 339 

34 49.8 338.5 44 45 340 18 40.7 338.5 

34 51.4 339 44 48.6 339.5 18 49.4 338 

34 55 338.5 44 56.3 339 18 53.1 337.5 

35 40 339.5 44 58.2 339.5 18 56.7 337 

35 46.4 339 44 60 339 18 57 336.5 

35 49.7 338.5 45 45 340 17 40 339 

35 51 339 45 48.9 339.5 17 40.4 338.5 

35 56 338.5 45 53.2 339 17 50.1 338 

36 40 339.5 45 54.6 339.5 17 53.1 337.5 

36 47.2 339 45 55.4 339 17 57 337 

36 56 338.5 45 60 339.5 16 40 339 

37 40 339.5 46 45 339.5 16 40.1 338.5 

37 47.7 339 46 46.4 339 16 44 338 

37 51.3 338.5 46 48.9 339.5 16 47.1 338.5 

37 54.5 339 46 52.5 339 16 50.8 338 

37 58 338.5 46 60 339.5 16 53.3 337.5 

38 40 340 47 45 339.5 16 57.7 337 

38 42.3 339.5 47 48 339 16 60 336.5 

38 48.4 339 47 52.5 339 15 40 338.5 

38 49.9 338.5 47 60 339.5 15 43 338 

38 55.6 339 22 45 338.5 15 48.8 338.5 

38 58 338.5 22 45.4 338 15 52.3 338 

39 40 340 22 51 337.5 15 54.1 337.5 

39 48.4 339.5 21 40 338.5 15 57.9 337 

39 56.1 339 21 46.6 338 15 60 336.5 

39 60 338.5 21 52.1 337.5 14 40 338.5 

40 40 340 21 56.6 337 14 42.2 338 

40 49.1 339.5 21 60 336.5 14 51 338.5 

40 56.6 339 20 41 338.5 14 53.1 338 

40 60 338.5 20 46 338 14 54.9 337.5 

41 40 340 20 52.7 337.5 14 57.3 337 

41 49 339.5 20 55.9 337 14 57.7 337.5 

41 57.4 339 20 57 336.5 14 58.2 337 

41 60 338.5 19 40 339 14 30 336.5 

42 40 340 19 40.8 338.5 13 40 338.5 

42 48.5 339.5 19 45.5 338 13 41.1 338 
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X (m) Y (m) Z (m) X (m) Y (m) Z (m) X (m) Y (m) Z (m) 

13 48 338.5 8 52.8 338.5 4 52.4 337.5 

13 50 339 8 53.6 338 4 54.5 337 

13 51.4 338.5 8 55.4 337.5 4 55.2 336.5 

13 53.8 338 8 59.8 337 4 55.5 336 

13 54.8 337.5 8 60 336.5 4 60 335.5 

13 56.3 337 7 40 339 3 40 338.5 

13 58.3 337.5 7 41.6 338.5 3 42.8 338 

13 59.4 337 7 50.8 339 3 48.8 337.5 

13 60 336.5 7 53 338.5 3 51.4 337.5 

12 40 339 7 53.7 338 3 52.5 337 

12 51.6 338.5 7 55.3 337.5 3 53.4 336.5 

12 53.7 338 7 59.8 337 3 54.2 336 

12 54.8 337.5 7 60 336.5 3 57.3 335.5 

12 57.4 337 6 40 338.5 3 60 335 

12 58.5 337.5 6 40.3 338 2 40 337.5 

12 60 337 6 45.4 338.5 2 40.6 337 

11 40 339 6 50 339 2 43.8 337.5 

11 48.4 338.5 6 51.7 338.5 2 47.2 337 

11 50.1 339 6 52.7 338 2 50.4 337.5 

11 52.6 338.5 6 55 337.5 2 51.6 337 

11 54.6 338 6 56.5 337 2 52.1 336.5 

11 56.4 337.5 6 59.2 336.5 2 52.8 336 

11 60 337 6 60 336 2 56.5 335.5 

10 40 339 5 40 338.5 2 59.1 335 

10 47.1 338.5 5 41.4 338 2 60 334.5 

10 50.5 339 5 42.4 338.5 1 40 337 

10 53.7 338.5 5 45.3 338 1 41.6 336.5 

10 54.5 338 5 50.3 338.5 1 45.5 337 

10 57.1 337.5 5 50.8 338 1 46.7 336.5 

10 60 337 5 54 337.5 1 50.7 337 

9 40 339 5 55.3 337 1 51.4 336.5 

9 45.2 338.5 5 56.1 336.5 1 52.2 336 

9 51 339 5 56.5 336 1 54.8 335.5 

9 52.8 338.5 5 60 336 1 59.1 335 

9 53.6 338 4 40 338.5 1 60 334.5 

9 55.9 337.5 4 44.2 338 

   9 60 337 4 45.6 337.5 

   8 40 339 4 48.1 338 

   8 41.8 338.5 4 49.7 338.5 

   8 51.3 339 4 50.1 338 
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Appendix C: Potential Data Impairment Locations along GPR Lines 

Line # File # Location from S60°W 

Baseline (m) 

Description 

4 237 20 
Antenna swung around SIR-2000 

control unit 

8 243 15 Log 

9 245 15 Log 

11 250 5 Antenna lifted 

  15 Possible tree throw 

  30 Stump 

13 252 17 Tree throw 

14 252 10 Stump 

  20 Antenna lifted over stump 

17 258 15 Antenna lifted 

19 260 14 Cable yank 

20 261 30 Antenna lowered 

  39 Antenna lifted 

21 266 10 Antenna lifted 

  22 Antenna swung around obstacle 

  35 
Antenna lifted and swing around 

obstacle 

22 267 37 Antenna snagged on obstacle 

23 268 10 Antenna lifted 

24 270 18 Antenna lifted 

  25 Antenna lowered 

  36 Cable yank 

25 272 2 Antenna snagged on obstacle 

  17 Antenna lifted 

  25 Antenna lifted 

26 274 12 Antenna lifted 

27 276 25 
Antenna swung around SIR-2000 

control unit 

28 278 10 
Antenna between bedrock 

outcrops 

  12 Antenna lifted 

29 280 19 Antenna lifted over rock  

29   
Maximum site elevation in line 

break 2 

32 287 44 Antenna lifted 

33 289 4 Antenna passed over stump 

34 291 44 Antenna lifted 

35 293 46 Antenna lifted 
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Line # File # Location from S60°W 

Baseline (m) 

Description 

36 294 46 Antenna lowered 

  54 Antenna lifted 

37   Treefall in line break 

38   Treefall in line break 

39 299 49 Tree throw 

40 300  
SIR-2000 control unit just past line 

terminus 

41 301 55 Antenna swung around obstacle 

   
SIR-2000 control unit just past line 

terminus 

42 302  
SIR-2000 control unit just past line 

terminus 

43 303 50 Antenna swung around obstacle 

44 304 50 Antenna lifted 

48 308 45 Antenna lifted 

55 315 47-49 Antenna lifted over boulder 

56 316  Path between two bedrock outcrops 

57 317 62 Antenna lowered 

  64 Antenna lifted 

63 323 49-50 Treefall 

  59 
Antenna lifted over foliaged 

stump/rock 

64 324 49-50 Antenna swung around treefall 

65 325 49-50 Antenna over treefall 

66 327 47 Antenna lifted 

  49 Antenna swung around obstacle 

  51 Antenna lowered 

68 329 43 Antenna over stump 

69 330 45 Antenna lifted 

70 331 40-50 Antenna lifted 

71 332 46 Antenna lifted 

72 333 50 0.5 m drop over obstacle 

73 334 40 Antenna lowered 

74 335 41 
Operator lost footing; antenna 

cattywompus 

75 336 56 Antenna lifted 

76 337 44-46 Antenna lifted over stumps 

77 338 45-47 Antenna swung around obstacles 

  49 Operator lost footing 

  53 Antenna lifted 
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9. Plans 

9.1. Topography 
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9.2. Magnetometry 

 

P
la

n
 3

 



79 

 

 

P
la

n
 4

 



80 

 

 

 

 

 

 

 
 

 

P
la

n
 5

 



81 

 

 
  

Plan 6 



82 

 

 

 

 
  

Plan 7 



83 

 

 

 

 

 

 

 
  

P
la

n
 8

 

a
 

b
 

c 



84 

 

  

m 0 20 

Plan 9 



85 

 

9.3. GPR 
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10. Compiled Topo-Corrected Radargrams of the UT Semi-circular Anomalies 
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11. Archive Location 

The Laboratory for Geoarchaeology, Department of Geology, The University of Georgia, 

210 Field Street, Athens, GA, 30602, USA.  
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