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Abstract

This work explores the utility of digital imaging techniques as research tools in
the study of early medieval carved stones. Often three-dimensional imaging is
seen primarily as a means of recording an object for preservation, illustration or
outreach. The approaches developed here use these digital resources to gain a
new perspective on the carving of the stones to address questions relating to the

presence or absence of a ‘Govan school’.

The terms ‘Strathclyde Style’ or ‘Govan School of Carving’ are used as a
convenient shorthand to describe the 9t"-11th century carved stones in the
Strathclyde area; however, it has also been suggested that the traits shared by
these monuments indicate that the carvers were either trained in or worked in a
centralised location. The thesis presented here provides a new perspective on

these questions through a digital lens.

The thirty-one carved stones housed at Govan Old have experienced varying
degrees of wear. Three-dimensional imaging and Reflectance Transformation
Imaging (RTI) were instrumental in recovering worn patterns on many of the
stones. This has led to the recognition of several trends in the Govan collection
that had been previously overlooked. These digital techniques were also used to
determine whether templates had been employed in the replication of figures,
which could indicate that tools were shared by members of a single workshop.
Finally, Kitzler Ahfeldt’s Groove Analysis was applied to the 3D models to
identify the carving ‘signatures’ of individual carvers. These strands of research
were then considered together to determine whether a centralised school or

workshop is likely to have been connected to Govan.

This research demonstrates that digital imaging techniques are invaluable
research tools; their flexible and infinitely replicable nature offer new insights
into carved stone that would be otherwise untenable. While these applications
are by no means restricted to stone in the early medieval period, the digital
corpus of the Govan collection presented here demonstrates that these new
avenues of investigation facilitate new analyses from which all early medieval

sculpture in Scotland would benefit.
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1 Introduction

This thesis is a study of an important but neglected assemblage of early
medieval sculpture at Govan Old in Glasgow, Scotland. It attempts to provide a
complete 3D documentation of the carved stones and to undertake a range of
digital analyses. This is innovative in terms of its application to this type of
material, in its comprehensiveness, and its focus on the analytical benefits of

digital imaging, not simply on its uses in recording and preservation.

The ‘Govan School’ is a label now commonly used to refer to the early medieval
sculpture found in Strathclyde, (a region defined as ‘pre-1975 Lanarkshire,
Renfrewshire and Dumbartonshire’ (Driscoll et al. 2005, 135). Some consider the
term ‘school’ solely as an art historical term, one that suggests the different
carved stones in this region share similar features, whether in characterisation
of the monument forms or their interlace. The ‘Govan School’ can be described
as exhibiting median-incised interlace and free-ring patterns, while the forms of
the monuments vary from free-standing crosses to the prevalent recumbent
cross-slabs, some of which have incorporated prominent angle-knobs to adopt a
shrine-like appearance. While ‘Govan School’ is a useful descriptor, the question
is whether the prevalence of these decorative features reflects a physical
reality: were the carvers of each of these stones trained in a similar location?
Was there a centralised workshop where these pieces of sculpture were
produced? Or is this simply the result of several carvers drawing inspiration from
existing monuments? Due to the lack of relevant historical records, previous
research has relied on art historical interpretations to address these questions at
Govan, but a closer inspection of the carving styles can offer a new perspective
on the ‘Govan School’. This is what the research presented here accomplishes

through the application of digital imaging techniques.

Three-dimensional (3D) imagery has been seen primarily as a means for the
creation of detailed records for conservation, 2D images for paper publications,
and digital outputs for public outreach. This has changed in recent years; in
different branches of archaeology, 3D imagery has been increasingly utilised as a
research tool. However, this application has been limited within the study of
early medieval sculpture from the British Isles. This thesis seeks to investigate

the research applications of different digital imaging techniques in the analysis
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of the Govan stones. Laila Kitzler Ahfeldt is one researcher who has thoroughly
embraced laser scanning in its analytical capacity in her multifarious studies of
Swedish runestones (Kitzler Ahfeldt 2009a; Kitzler Ahfeldt 2002b). Identifying
the work of individual carvers and understanding whether cooperating carvers
were organised as a workshop formed a central theme of her work, which made
it an important source of inspiration for several facets of this study (especially in
consideration of the research aims described more fully in Sections 1.3, 1.4, and
1.6 below).

In addition to considering the research applications of these digital imaging
techniques to early medieval sculpture, this thesis considers the feasibility of
creating a digital corpus of early medieval sculpture in Scotland and
incorporating a 3D component for each stone. Issues regarding ideal archival
practice, current dissemination methods, and accessibility and usability of these

datasets for research purposes are addressed.

1.1 Research Agenda and Questions

As stated above, the primary aim of this thesis is to explore the research
potential of three-dimensional imaging techniques to the study of early medieval
sculptured stones, focusing on the Govan stones located in Glasgow, Scotland.

The central research questions of this thesis are:

1. Which three-dimensional imaging technique is best suited to record a
large collection of sculpture to a standard acceptable to multiple lines of

archaeological research?

2. Can photogrammetric models provide enough detail to support Groove

Measure Analysis to identify individual artisans?

3. What analytical insights into the decoration and biography of the

monument can three-dimensional techniques offer?

4. Can digital imaging techniques be used to reconstruct eroded or damaged

monuments in a critically acceptable manner?
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5. Can high-resolution three-dimensional models be used to identify the

presence of carving processes shared by the ‘Govan School’ of sculptors?

6. Can a typology of the recumbent cross-slabs be constructed based on
physical characteristics, and can this be validated by Groove Measure

Analysis?

7. How can a high-resolution, large digital corpus best be managed and made

accessible to other researchers in digital heritage and in art history?

1.1.1Which three-dimensional imaging technique is best suited to
recording a large collection of sculpture to a standard
acceptable to multiple lines of archaeological research?

While there are now many non-contact techniques available that create three-
dimensional models, photogrammetry was adopted here after critically assessing
alternative approaches, including structured light scanning and terrestrial laser
scanning. Simply put, photogrammetry involves taking many overlapping digital
photographs of an object; the software can then find features shared between
these photographs and create a three-dimensional model. This process is
described in more detail in Chapter 5. Photogrammetry was adopted because it
is a more affordable, accessible, and flexible imaging technique than structured
light scanning or laser scanning. The flexibility of photogrammetry is
demonstrated by its ability to capture surfaces that would otherwise be
inaccessible using other imaging techniques. For instance, the undersides of
three of the five hogbacks have been hollowed out to varying degrees to create
a concave surface. Because these hogbacks are displayed on small blocks that
are approximately 17 centimetres high, it is impossible to view the bottom
surface in its entirety without the use of lifting equipment. Using a camera of a
cellular phone, photogrammetry can incorporate this surface into the model,
allowing the shape of the void to be visualised for the first time. Another
example is one of the worn cross-shafts (Stirling Maxwell’s 10), which is
currently positioned so that one face exhibiting a carved surface is too close to
the wall of the church to view. This hidden face was incorporated into the
three-dimensional model using a cellular phone and “selfie-stick.” The three-

dimensional model of the cross reveals details which are otherwise impossible to
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view without physically moving and inverting the stone with heavy lifting

equipment.

1.1.2Can photogrammetric models provide enough detail to
support Groove Measure Analysis to identify individual
artisans?

This research will seek to determine Groove Measure Analysis’s applicability to
three-dimensional models of the stones produced by photogrammetry as opposed
to laser-based techniques; the efficacy of the latter was established by Laila
Kitzler Ahfeldt and the team at the Archaeological Research Laboratory at
Stockholm University, Sweden (Kitzler Ahfeldt 2010). If individual sculptors can
be identified based on their carving technique through this procedure, this will
aid considerably in clarifying the chronology of the Govan collection, among

other uses.

1.1.3What analytical insights into the decoration and biography of
the monument can three-dimensional techniques offer?

While three-dimensional models have become increasingly commonplace in early
medieval sculpture studies for the purposes of presentation and preservation,
their analytical potential is often overlooked. For example, simply removing the
colour from a three-dimensional model allows faint interlace patterns and worn
carving to be identified. Free software packages offer rendering options which
increase the contrast between carved and un-carved surfaces and highlight these
subtle patterns even further. Closer inspection of the actual patterns in this way
allows for the reassessment of our current understanding. While J. Romilly Allen
categorised Govan’s interlace according to his mathematical interlace pattern
designations, it has become apparent through this research that his categories
are inadequate as descriptions of Govan’s decoration. In addition to gaining
insight into the form of Govan’s interlace, this analytical process has aided in

examining areas of reworking, especially when considering the recut hogbacks.

1.1.4Can digital imaging techniques be used to reconstruct eroded
or damaged monuments in a critically acceptable manner?

Reflectance Transformation Imaging (RTI) is used alongside photogrammetry to

attempt to reconstruct particularly worn Govan Stones in a critically acceptable
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way. As an aid to pattern recognition, the models of well-preserved panels of
interlace from the Govan collection are digitally “eroded” using a software
package called Zbrush. By digitally eroding the intact interlace, the deepest
carved portions of the pattern can be recorded. These “eroded” patterns can
then be used to recognise the arrangement of carved features on weathered
stones in the collection, and a hypothetical reconstruction can be produced. By
reconstructing these overlooked stones, we will gain a more thorough

understanding of the Govan Stones collection.

1.1.5Can high-resolution three-dimensional models be used to
identify the presence of carving processes shared by the
‘Govan School’ of sculptors?

The question of whether templates were used in the carving process is one of
the oldest in the study of early Christian sculptured monuments. It is possible
that templates were used in the construction of some of the decorative motifs
found on the Govan stones. As discussed in Section 4.2, there is a distinction
between the use of a template and the use of motif-pieces. Templates are
physical objects which are used in the construction of decoration by leaving gaps
in the material to allow for a direct transfer of the shape of the motif by tracing
it as a stencil. In this project, the outlines of these figures are compared to each
other, and the amount of overlap observed indicates whether the use of
templates would have been likely. Primarily, this aspect of my research focuses
on the sarcophagus and the cross-shafts. The use of three-dimensional models
allows for outlines to be compared accurately without coming into contact with
the stone, unlike more traditional approaches to template exploration, which

usually includes the creation of rubbings.

1.1.6Can a typology of the recumbent cross-slabs be constructed
based on physical characteristics that can be validated by
Groove Measure Analysis?

As detailed in Section 3.4 and Chapter 8, very little attention has been paid to
the cross-slabs housed within Govan Old until recently (Cramp 1994; Bailey 1994;
Thomas 1994; Higgitt 1990); the sarcophagus, hogbacks, and crosses are the
most unique and best preserved monuments, and so have already been the

subject of intense discussion. The most recent typology of the recumbent cross-
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slabs is not refined enough to contribute to understanding the chronology or the
designs of the collection. Each typology has attempted to place these stones
within a wider context before fully understanding how each stone fits within the
collection itself. This research will propose a new typology and will test it
against the findings of the Groove Measure Analysis. It is hoped to correlate the
work of individuals with macroscopic features of the carved stone, decorative

motifs in particular.

1.1.7How can a high-resolution, large digital corpus best be
managed and be made accessible to other researchers in
digital heritage and in art history?

This project also explores the best ways in which to disseminate 3D models in a
way that will not only serve as a resource for future academic researchers but
will also appeal to other audiences. While third-party platforms, like Sketchfab,
might act as a viable medium in the short-term, they are often based on
companies who may or may not have continued success in the future. The
datasets resulting from this research will be archived with the University of
Glasgow’s Enlighten and Historic Environment Scotland and made available to

the public through methods explained more in Section 5.7.

1.2 Thesis Structure

This thesis is divided into ten chapters. The first chapter offers a brief summary
of the context of the Govan stones and the implications of the term ‘Govan
School’. It highlights the potential for digital imaging techniques in further

exploration of this concept and clearly states the research aims for this thesis.

Chapters 2, 3 and 4 provide a review of the literature relating to the three foci
of this study. Chapter 2 considers the archaeological remains from Govan
alongside what little historical documentation we have pertaining to the
Kingdom of Strathclyde. This information is compared to the archaeological
evidence from two other sites with significant collections of sculpture dating to
the 9t-11th centuries to establish Govan’s political and ecclesiastical significance

in the area.
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Chapter 3 considers past research that has focused specifically on the carved
stones from Govan. It begins with an overview of the three different humbering
systems that have been used to label the stones. Subsequently, the chapter is
divided according to the four broad monument types present at Govan; in each
of these sections, the previous interpretations and analyses of each group are
laid out and critiqued. Special attention is given to the potential for the
sarcophagus’s use as both a sarcophagus and a reliquary. Finally, a summary of
the challenges of classifying the recumbent cross-slabs is also presented,
followed by further discussion in Chapter 8. A concordance of the Govan stones

with images and filenames for the 3D models of each is included in Appendix A.

In Chapter 4, a review of how three-dimensional imaging has generally been
employed in different archaeological contexts is discussed, including the few
instances in which these techniques have been applied to address a specific
research question in early medieval sculpture. This discussion is followed by a
short summary of art historical perspectives on the identification of a master
carver’s work. The chapter concludes with a brief summary of Kitzler Ahfeldt’s
results from using three-dimensional models to identify individual sculptors on

Swedish runestones.

Each of the methodologies employed in this thesis are described in detail in
Chapter 5. First, the three different three-dimensional imaging techniques
explored at the beginning of the project (photogrammetry, white-light scanning,
and laser scanning) are defined. The discussion of each approach includes a
description of the technology involved in capturing geometry of an object and
the advantages and the limitations of the three techniques. Comparisons of the
results of each technique using CloudCompare revealed that they all produced
analogous datasets; consequently, photogrammetry was chosen as the method of
data capture for this project. This section is followed by the workflow adhered
to for data capture, processing, and export of the three-dimensional products. A
description of Reflectance Transformation Imaging is then presented,
accompanied by a demonstration of its utility in identifying moderately worn
patterns from the stone surface. After detailing the workflow used for each of
these digital imaging techniques, the methodological approaches behind each

component of the analysis are explained, including: the recovery of patterns
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from significantly worn stones using a 3D comparative collection, the
identification of potential template implementation using accessible software,
and the application of Groove Analysis to the Govan material. Chapter 5
concludes with a consideration of issues surrounding data management and
archival of the digital material and especially how to make these resources

available for future use and research.

Chapters 6, 7, 8 and 9 focus on the application of digital imaging techniques to
address specific research questions. Chapter 6 offers a comprehensive list of
new interpretations available after the weathered areas of the carved stones are
investigated with digital imaging techniques. The reconstructions required
different levels of investment dependant on how much of the decoration
remained; a table is provided to indicate which techniques were required to
identify the worn detail. A few of the stones were too damaged for much insight
to be gained from these techniques, but enough was recovered from many of the
recumbent cross-slabs to support the construction of a new typology, which is

fully described in Chapter 8.

Some have previously argued that the use of templates between stones could
indicate the presence of a centralised workshop where carvers shared tools and
templates between them (Bailey 1996, 114). In Chapter 7, the potential for the
use of templates to replicate images between stones in the Govan collection is
addressed, focusing specifically on the horsemen depicted on the sarcophagus

and crosses and the deer-like beasts on the sarcophagus.

Chapter 8 lays out the various traits that were initially considered in the
development of the recumbent cross-slab typology, giving reasons for their
inclusion or rejection from the final typology. The designation of the three traits
chosen for the typology is explained, and the process of identifying groups based
on these traits is thoroughly demonstrated. Several phases of standardisation
within the collection of recumbent cross-slabs are now evident from the
typology, supporting the idea of a centralised authority in the production of this

monument type.

After adapting Kitzler Ahfeldt’s Groove Analysis to better suit the Govan

material, as described in Chapter 5, the analysis is applied to Govan 1, Govan
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12, and Inchinnan 1 to identify the carving styles of individual carvers in Chapter
9. This includes brief descriptions of the statistical analyses and their outputs
and justifications for the decisions made in dividing samples by type, the
definition of clusters, and combining carving profiles under a single individual.

Additional outputs from the statistical processes are provided in Appendix C.

Finally, the separate strands of evidence discussed throughout this research are
considered together in Chapter 10. The results are summarised and then framed
in terms of whether they support the interpretation of a centralised early
medieval school or workshop in the Strathclyde region. Chapter 10 concludes
with several promising areas for future research that have been highlighted in

the process of this project.

Ultimately, this thesis explores the research applications of digital imaging
techniques in the analysis of early medieval sculpture. While these digital
records are inherently useful for conservation, illustration, and outreach
purposes, it is argued here that they have the potential to be indispensable

research tools for analysts of all periods and interests, if used creatively.
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2 Govan in the Early Medieval Period

It is clear from multiple lines of evidence that Govan was a politically and
ecclesiastically significant location during the early medieval period. The site’s
importance from the ninth through eleventh centuries can be inferred through
other lines of evidence, including a single reference by a medieval text,
archaeological investigations, and place-name evidence. However, the strongest
attestation of the site’s influence lies in the significant amount of sculpture
recovered from the churchyard (Dalglish & Driscoll 2009; Macquarrie 1994;
Driscoll 2004). Thirty sculptured stones are now displayed in Govan Old Church,
and a single recumbent slab of a probable medieval date remains in the
graveyard; however, at least forty-six stones dating to the early medieval period
have been recorded from the site at different points in history (Stuart 1856;
Stirling Maxwell 1899; Allen & Anderson 1903; Craig 1994a). While fifteen of the
original forty-six recorded in Stirling Maxwell’s volume were thought to have
been lost, recent investigation of the churchyard has identified at least three of
these ‘missing’ stones: Stirling Maxwell’s 30, 38, and 40. While 3D models and
analysis of these stones are not included in the present thesis, there is scope to
apply these approaches after the stones have been fully excavated and
conserved. Because this discovery occurred after the thesis was submitted, these
stones will be referred to as the ‘misplaced’ stones throughout the thesis. Govan
is one of the largest collections of early medieval sculpture in Scotland,
exceeded in number only by lona and St. Andrews (Radford 1967a; Radford
1967b; Driscoll et al. 2005). While the unique pieces of sculpture have received
a great deal of attention, the whole collection has more to contribute to our
understanding of the site. The following sections will review the historical and
archaeological evidence that has been recovered from Govan; this will be
compared to the evidence recovered from Whithorn and York to attempt to
broadly define Govan’s political and ecclesiastical significance in the 9t and 11t

centuries AD.

2.1 Political Significance

It is evident that Govan was a politically significant place from the ninth through
the eleventh centuries. The only mention of Govan to survive in the historical

record comes from an eighth century source which was included in Simeon of
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Durham’s Historia Regum Anglorum, which he compiled sometime in the twelfth
century. Simeon describes the return of the Northumbrian army from Ovania
after a devastating attack on Dumbarton in 756 (Breeze 1999, 133-134; Forsyth
2000, 29). Dumbarton has been described in several historical sources to have
been the political centre of the British kingdom of Al Clud, potentially from the
6t century AD until the Annals of Ulster recorded the destruction of Dumbarton
Rock by a Viking raid in 870. After this, the kings of Clyde Rock no longer appear
in historical records (Alcock & Alcock 1990, 98-99; Clancy 2006, 1818). Instead,
in 872, the Annals of Ulster begin to refer to the kingdom of Ystrad Clud, the
kingdom of Strathclyde (Clancy 2006, 1819). The date currently attributed to the
earliest of the sculpture found at Govan roughly coincides with this major event,
and it has been suggested that the political centre formerly seated at
Dumbarton shifted upstream to Govan after the destructive events of the late 9t
century (Driscoll 1998, 112-113; Clancy 2006, 1819).

Further evidence for Govan’s political and social eminence is suggested by the
now-demolished topographical feature which was known as Doomster Hill.
Thomas Clancy has proposed that the name of “Govan” comes from the Brittonic
word “gwovan”, which would translate to “small hill, little crest,” which could
have referred to Doomster Hill (Clancy 1996; Clancy 1998). Doomster Hill was a
substantial artificial mound located approximately 150 metres southeast of the
churchyard and probably functioned as an assembly site or moot hill during the
early medieval period (Davidson Kelly 1994, 1-3; Ritchie 2004, 1; Driscoll 2004,
17; Crawford 2005). Unfortunately the hill was destroyed in the late nineteenth
century through the activity related to a dyeworks (Davidson Kelly 1994, 3) and
the later expansion of Napier’s shipyard (Driscoll et al. 2008, 10). Its connection
to the church is supported by evidence from the 1996 archaeological
excavations, which revealed a metalled roadway that led from the southeast
corner of the churchyard at Govan Old in the general direction of the former
location of Doomster Hill; the roadway was dated between the early eighth to

late ninth centuries by a radiocarbon sample (Driscoll 2004, 17).

In addition to its status as a regional meeting place, it is likely that Govan had
ties with a royal residence across the River Clyde in Partick. While it is known

that there was a royal estate in Partick in the twelfth century (Macquarrie 1994,



Chapter 2: Govan in the Early Medieval Period 41

29; Driscoll 1998, 105), there is also historical evidence to suggest that royalty
resided in Partick much earlier. In Jocelin of Furness’s Life of Kentigern, which
was written during the late twelfth century, King Rhydderch Hael was described
as passing away at his royal estate in Partick sometime around 612x614
(Macquarrie 1993, 19; Driscoll 2004, 20). Considering the amount of early
medieval sculpture in the churchyard at Govan and the patronage that would
have been required to commission these monuments, a royal presence in Partick
at least from the ninth through the eleventh centuries, if not from the seventh

through the twelfth centuries, seems likely.

2.2 Ecclesiastical Significance

Excavations that took place at Govan Old between 1994 and 1996 suggest that a
church was present at the site before its first visible period of greatness, due to
the presence of presumably Christian burials, with their heads oriented to the
west, which were radiocarbon dated to between the fifth and sixth centuries AD
(Driscoll 2004, 8). It remains uncertain as to Govan’s exact ecclesiastical role
during this early period, whether it began as a monastic settlement or began as
the focus for burial in a Christian community. By comparing the results of the
limited excavations at Govan to sites that have also produced significant
collections of 9t-11th century AD sculpture and have been excavated more
extensively, one can gain insight into how Govan might have developed into a
significant 9t"-11t century AD ecclesiastical site. The sites that will be explored
here will be Whithorn and York Minster.

2.2.1Whithorn

Whithorn has been interpreted by many as an early monastic site with
foundations likely dating back to the later-fifth to early sixth centuries (Hill
1997, 38, 67-69). The earliest probable reference to Whithorn and its monastic
origins is made by Bede in his Historia Ecclesiastica Gentis Anglorum when
discussing Nynia, his pre-Columban missionary work converting the Picts, and his
founding of a church at a place referred to as the “White House” (Colgrave et al.
1991, iii.4). Bede also makes reference to the site’s status at the time of his
writing in 732 AD, which had developed into a Northumbrian episcopal see

(Colgrave et al. 1991, v.23). In addition to these, Peter Hill describes how two



Chapter 2: Govan in the Early Medieval Period 42

other documents tell the life of Bishop Nynia (Miracula Nynie Episcopi and Vita
Niniani) and frame certain episodes, especially the miracle of the leeks, in a
monastic setting; Hill argues that this, combined with Bede’s references,
supports the idea that Whithorn was the site of an early monastery, especially
when considered alongside the archaeological evidence (Hill 1997, 1-4).
However, because there are no existing contemporary records describing
Whithorn as a monastery, Hill refers to this earliest stage as a monasterium (Hill
1997, 30).

The archaeological evidence obtained from the 1984-91 and 1992-1996
excavations of Whithorn has led to conflicting interpretations of the earliest
phases of the site, whether it began as a monastery or as an elite Christian
settlement. As suggested above, monasteries are primarily identified based on
relatively contemporary historical references to their founding, but the
recognition of unrecorded monasteries based solely on archaeological evidence
has not been conclusive. The presence of the structural remains of a church and
supporting buildings, an enclosure or vallum surrounding the settlement,
monuments from an early sculptural tradition, evidence for the practice of
literacy, imports and high status goods, and the remnants of craft-working are

typically considered to be monastic indicators (Clarke 2012, 90-95).

From the earliest phase at Whithorn, there is evidence for craft-working,
including ferrous and non-ferrous metalworking, high-status trade contacts with
Continental Europe and an extensive number of clustered burials from the 5t-7t
centuries AD (Hill 1997, 28-40). The excavations identified a series of enclosures
relating to different phases of the site; Hill has attributed the earliest ditch to
his Phase 1 of Period |, which he dates roughly to the early 6% century AD (1997,
28-30). Between the early 6" century and the early 8t century, Hill proposed
that this single ditch enclosure was extended and then surrounded by an
additional enclosure, which resulted in two concentric oval enclosures (1997, 30-
33). Later investigations into Fey Field, a field to the southwest of the site,
could only identify a segment of a rectilinear enclosure, despite the trench
intersecting with several of Hill’s hypothetical oval boundary projections
(McComish & Petts 2008, 6.3, 14.2.1). However, it is pointed out by McComish

and Petts that not all monastic settlements have a consistent, substantial vallum
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(2008, 14.2.1). After reassessing the burial evidence from the excavations at
Whithorn, Adrian Maldonado indicated that many male burials were present in
the earliest phase (2011, 204), although only 21 of 118 graves were complete
enough to determine the sex of the individual (McComish & Petts 2008, 14.2.2).
Several pieces of sculpture from the site’s earliest phase of activity exhibit Latin
inscriptions (Craig 1992, 4, 203-208), which confirms the nearby presence of at
least semi-literate individuals during this early phase, although the epigraphy
and the formulae used in the inscription of the Latinus stone may represent a
less ecclesiastical and more secular use of the Latin language (Forsyth 2009, 36-
37).

While the features listed above are often archaeological indicators of monastic
sites when there are no contemporary records of the founding of the monastery,
Maldonado argues that there is no diagnostic evidence for Whithorn to be
considered a monastery until the late 7t or 8t century, and that the site
actually begins as an elite settlement that had been influenced by Christianity as
early as the 5™ century AD (2011, 206, 220-221).The works of Bede and other
historical records indicate that the site was a Northumbrian minster from 730-
845 AD (Hill 1997, 40), confirming its ecclesiastical significance during this
period. The artefactual evidence recovered from both Hill’s and Pollock and
Clarke’s excavations indicate that a certain amount of craft working was taking
place, including evidence for comb manufacture and metal and lead-working
(Hill 1997, 138; McComish & Petts 2008, 6.4.6, 6.4.7). Reliable written sources
do not discuss Whithorn after this point, although archaeologically there is
evidence for a period of burning around 845 AD, followed by the reorganisation
of the settlement and the rebuilding of several ecclesiastic buildings (Hill 1997,
48).

By this later phase of activity, from 845-1050 AD, manufacturing became
increasingly specialised and focused primarily on the production of antler combs
and textiles (Hill 1997, 185-186), with evidence for other types of crafting (Hill
1997, 186-208). The settlement continued to be an important ecclesiastical site,
especially evident through its sculptural tradition, and some have argued that
Whithorn could have continued as a bishopric (Davies 1998, 9). The vast majority

of the sculptural collection from Whithorn dates to around the mid- to late-tenth
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century and has been dubbed the “Whithorn School” (Hill 1997, 11, 48; Craig
1992, 4, 208-211). Some of the finest examples of these carved stones share
features with the Govan collection, including multiple-ringed plait and ‘stopped
plait’ strands (Bailey 1994, 117). Approximately twenty crosses were found at
the site of Whithorn (Craig 1992, 4, 212), which suggests that Whithorn was, in
addition to the apparent source of a school of sculpture, the focus of a high-
status burial ground. Like Govan, this pattern of a sudden appearance of a great
deal of sculpture has been interpreted as evidence for an influx of elite
patronage for this favoured church (Hill 1997, 52-55).

In summary, Whithorn developed from a possible elite Christian community, into
a late 7t or 8t" century monastery, to a significant 9t - 10t century mother
church, which seems to have created a prominent sculptural school. If Govan
and Whithorn shared a similar 9% - 11t century ecclesiastical status, did they

develop in a similar way?

2.2.2Govan - Monastic foundations?

It is unclear if Govan began its ecclesiastical life as a monastery. Some medieval
historical sources have indicated that St Constantine founded an abbey at Govan
sometime before 576 AD (Radford 1967a, 186; Skene & Skene 1871, 111),
although the source has been determined to be unreliable. John of Fordun was
writing in the 14t century, and his account of Scotland’s origins has been heavily
criticised (Broun 2007, 256-257). Recent research has also contested Fordun’s
identification of the saint as the King of Cornwall, but recent research on who St
Constantine might have been will be discussed more thoroughly in Section 3.1.1.
As mentioned above, several small-scale excavations have taken place at Govan
Old Parish church, but it remains unclear if activity at Govan began in a
monastic context. The excavations at Govan have encountered what appears to
be an early church of indeterminate size, the vallum on the southern and
eastern boundaries of the churchyard, and evidence for craftworking, all
features that suggest a monastic foundation. One could argue that the presence
of a substantial amount of sculpture also supports this interpretation, because
the individual designing the carving would have had ‘access to current
intellectual and ideological networks, manuscripts, metalwork, wooden carvings

and possibly pattern books that would serve as a corpus of designs and motifs
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from which to work’ (Gondek 2006, 110). However, the lack of evidence for elite
goods and literacy from the site suggests that Govan’s development was more

complex.

The 1994 excavations identified the drystone foundations of a timber building
(Cullen & Driscoll 1995, 25-26); this excavated area was revisited and extended
during the 1996 excavations, which resulted in the discovery of two burials
beneath the foundations of this structure (Driscoll & Will 1997, 5-12). Due to the
presence of burials at the site and the lack of mortar in the composition of the
stone foundations, this building has been interpreted as a pre-twelfth century
church with an east-west orientation (Cullen & Driscoll 1995, 18-26, 42; Driscoll
& Will 1997, 10-12). While the presence of an early church foundation is one of
the archaeological features that might identify an un-recorded monastery, the
structure clearly post-dates the two 5% - 6t century AD inhumations (Driscoll
2004, 8) and so could feasibly belong to the 9t-11th centuries AD like the

sculpture.

Two trenches situated on either side of the existing southern churchyard
boundary wall revealed a ditch which appears to have formed the original
boundary surrounding this early church (Cullen & Driscoll 1995, 9-15). While no
datable material was recovered from the vallum for this earliest phase, a
secondary ditch fill provided a calibrated radiocarbon date of AD 886-983 and a
hearth adjacent to the bank dated between AD 775-887. While this indicates
that the vallum and the associated ecclesiastical institution were in place by the
late 8% century AD (Driscoll 2004, 8), this still does not account for the earliest

use of the site.

The primary fill of this ditch also produced evidence of shale manufacture,
consisting of two worked pieces and one unworked piece of oil shale. A total of
eighteen pieces of oil shale were recovered from the 1994 excavations; five of
these were worked but none was a finished object (Cullen & Driscoll 1995, 34).
Two additional worked pieces of oil shale were recovered from the 1996
excavations, although these were recovered from disturbed contexts in the fill
of more recent burials (Driscoll & Will 1997, 5-9, 29). Shale jewellery has been
found on both Late Iron Age sites and early medieval ecclesiastical sites (Hunter
2008, 197-202; Maldonado 2011, 115-116). Additional crafting activity appears to
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have taken place inside the boundary of the churchyard, as there was a small
amount of evidence for ironworking in the form of slag, hammerscale, and a
furnace-like structure (Cullen & Driscoll 1995, 35). However, it is unclear when
this activity was taking place; the largest concentration of the shale
manufacturing debris was sealed by the stratigraphic layers containing the
aforementioned hearth which produced the AD 775-887 date (Cullen & Driscoll

1995, 34), but we cannot be more specific than this.

While excavations have identified the presence of the foundations of an early
church, a vallum surrounding the site, and evidence for craft-working, none of
this can be securely dated prior to the late eighth century or associated with the
earliest identified activity at the site, the two east-west oriented burials. Govan
also lacks several other features that are expected of an early monastery. To
date, the site has not produced any imported high-status goods, evidence for
literacy in the early medieval period, or an earlier tradition of carved sculpture.
This could be due to the limited excavation that can be carried out in the
churchyard, but perhaps Govan began as something other than a monastic

settlement.

As demonstrated in the previous discussion on Whithorn, even extensive
excavations at a relatively undisturbed, known 7t - 8t century monastery does
not give a clear picture of its origins. Could Govan have originated as a non-
monastic Christian community like Maldonado’s interpretation of Whithorn’s
earliest phase and developed into a monastery or other significant ecclesiastical

settlement in the 8% century (2011, 240), or are there other possibilities?

2.2.3York Minster

Looking further southeast, several sites in York have produced recumbent
monuments similar in form and date to those found at Govan. One of these sites,
the Cathedral and Metropolitical Church of Saint Peter in York, more commonly
referred to as York Minster, was extensively excavated between 1966 and 1973
to facilitate the strengthening of the cathedral’s foundation (Atkinson 1985, xv).
While the oldest foundations encountered during these investigations were
primarily Roman and Norman in date, excavators were under the impression that

the pre-Norman church lay nearby, based on the way Hugh the Chanter discussed
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Archbishop Thomas of Bayeux’s initial reconstruction of the pre-Norman
cathedral (Phillips 1985, 4). Derek Phillips suggests that this earlier church may
lay just to the north of the present Minster (1985, 1, 4-5); the significant amount
of pre-Norman sculpture recovered during these excavations, some in situ (Lang

1995, 433-434), supports the idea that the earlier church is in the vicinity.

The first historical record for a church to St Peter in York comes from Bede, who
describes how King Edwin had a wooden church built in York specifically for his
own baptism in 627 AD (Colgrave et al. 1991, ii, 14). While we know that York
became an archbishopric in 735 AD and that there are records for the presence
of an established monasterium in York in 741 AD, it is significant that York
Minster’s importance is primarily and subsequently emphasized as a place of
royal burial by various authors and a variety of historical texts, including Bede in
his Historia Ecclesiastica, in the writings of Alcuin, and from the Northumbrian
annals preserved by Simeon of Durham in his Historia Regum. There are even
records for the burial of kings in this church during the Danish occupation of the
city, although only for those who had converted to Christianity (Harrison 1960,
233-241, 244).

While a significant amount of early medieval sculpture was recovered from the
excavations, very little occupational evidence could be reliably dated to the 5t-
11th centuries AD. In the Roman basilica, it was noted that after the Romans
left, it had been used briefly as an agricultural building and for some
metalworking in the late 4t" and early 5t centuries AD. Carver put forward
several models which might represent the post-Roman archaeological evidence
recovered from the excavations, though his preferred sequence for the site
suggests that the site was abandoned from the 6t to 8™ centuries AD, followed
by the 9t"-10t" century appropriation of the ruined barracks for industrial
activity, including smithing, both ferrous and non-ferrous metalworking, bone
working, and possibly jet and shale working. It is during this time that the
former principia area becomes a high status cemetery (Carver 1995, 193-195).
While the pre-Norman church was not encountered in these excavations, it is
apparent from the location of the 9t-10t century cemetery that it must have

been nearby.
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The sculpture recovered during the York Minster excavations indicates that this
site had an earlier sculptural tradition dating to the late 7t and early 8t
centuries AD, followed by another dating to the early 10t century (Lang 1995,
443). Of the forty-eight pieces of sculpture uncovered during this excavation,
the latter portion of the collection shares several attributes with the Govan
collection, including the use of median-incised interlace and the presence of
recumbent grave-covers and two hogback fragments. Significantly, several of
these recumbent cross-slabs were found in-situ over burials, even if they were
not necessarily large enough to cover the grave (Lang 1995, 440), which supports
the idea that the Govan cross-slabs were most likely designed as grave covers.
The 10t century sculpture from York, referred to as the “York Metropolitan
School,” is often discussed in terms of “mass-production” (Lang 1995, 440),
which is understandable when some fragments seem to be identical to other
recumbent slabs in design (especially in the case of York Minster 35 and 36) and
the dimensions of the slabs are so similar (Lang 1991, 72-73; Lang 1995, 440).
These monuments are suggested by Lang to have been produced for a secular
elite, while the earlier phase of carved stelae, some with inscriptions, reflects
the preferences of a literate, likely ecclesiastical, elite (1995, 443). This analogy
with York and its “mass-produced grave covers” made in a brief period of
carving has sometimes been applied to the recumbent cross-slabs at Govan
(Craig 1994b, 80). One might argue that enough variation exists between these
recumbent grave-covers that similarity between monument design might be
indicative of other factors, like the social positions of or the relationships
between the deceased individuals covered by these monuments, or similar

monuments might have been created by the same carver.

2.2.4Govan’s potential ecclesiastical origins

While the early ecclesiastical foundations of York Minster were not encountered
in the excavations, we still have a great deal of evidence to compare against the
situation at Govan. What is particularly striking is that, despite York Minster’s
ecclesiastical significance as an archbishopric from the 8t" century onwards and
the presumed presence of a monastery before this, historical records focus on
the church’s origin as a 7t century site of royal baptism and its continued role as
a site of royal burial. Is it possible, then, that the church at Govan might have

been erected in the same way, by a recently converted royal for baptism?
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Considering the apparently secular figures that feature prominently on the
sarcophagus and crosses of Govan, the connections between Govan and Partick
discussed above, and the likely identification of St Constantine as a martyred
royal (as discussed later in Section 3.1.1), an earlier tradition of royal burial
would not be out of the question. Clearly, as indicated by Adrian Maldonado,
distinguishing between ‘secular’ and ‘ecclesiastical’ is not necessarily the most

useful tactic when they are significantly intertwined (2011, 204).

Of course, all of this is not to say that Govan was never a monastic institution;
most of the documentary evidence from Ireland indicates that craftspeople were
based at monasteries (O Carragain 2014, 14). However, the exploration of the
archaeological evidence from these sites serves to frame our current knowledge
of Govan and our current academic expectations of certain site types. By
reviewing the evidence from Whithorn, we can see that labelling a site as an
early monastery is not an easy process, even if the archaeological markers we
would expect are present. And recorded monasteries do not necessarily produce
the same archaeological signatures; Lang tells us that, even after the
excavations, comparatively fewer pieces of sculpture from this earlier period
were found than from the later phase (1995, 433-434, 443-463). The current
absence of a previous sculptural tradition at Govan alone should not prevent us
from potentially describing Govan as a monastery at some point in its

development.

Due to the lack of evidence in terms of historic references and the sparse
interpretation that can be gleaned from the archaeological excavations at the
site, it is unclear what sort of role Govan played during its earliest phase. While
Govan clearly flourishes in the 9t - 11th centuries, it is unclear how it
developed. The lack of evidence for literacy, high quality imports, or an early
sculptural tradition suggests that Govan did not begin as a monastery. There are
similarities between Whithorn and Govan’s sculptural traditions during the 9t-
11th centuries, and our current knowledge suggests that Whithorn began as a
Christian community drawing on Roman ties to legitimise their influence. The
similarity in the form of the recumbent monuments found in York Minster in
conjunction with the lack of inscriptions associated with the 10t century

sculpture might indicate that Govan and York Minster functioned in the same
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way during this period - as an ecclesiastical centre and the burial place for
secular elite patrons. This later tradition for royal burial might reflect Govan’s
earliest foundations in the same way that York Minster was remembered for its

foundation through royal baptism and subsequent royal associations.
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3 Govan Stones and their context

The thirty-one stones are currently visible at Govan Old Church include one
sarcophagus, two cross-shafts, two upright cross-slabs, five hogbacks, and
twenty-one recumbent grave-slabs. The majority of the collection is made up of
locally available sandstone with a variety of grain sizes and colours, while some
of the recumbent stones are made of fine-grained siltstones (Chadburn 1994,
146). The collection emulates wider sculptural trends that can be seen in
Northern Britain during the Viking Age, as identified by Richard Bailey, where a
site suddenly retains a significant amount of formulaic sculpture (Bailey 1994,
113). As explained above, the sheer quantity of sculpture is the primary

indicator of Govan’s status as an important early medieval ecclesiastical centre.

The Govan stones have been recorded using several different numbering systems
since the rediscovery of the Govan sarcophagus in 1856. The earliest record of
the Govan stones was created by John Stuart in his Sculptured Stones of
Scotland, although he only numbered and had eleven of the monuments
illustrated via lithography. In his numbering system, the two thinnest hogbacks,
the two upright cross-slabs, and five of the many recumbent cross-slabs were
given numbers. The sarcophagus was not given a number, and the Jordanhill
cross was listed separate from the others due to its location in Jordanhill at the
time (Stuart 1856, 32, 43, PL. CI, CXXXIV-CXXXVIIl). The next and most complete
record of the collection was commissioned by John Stirling Maxwell, who had
each of the forty-six monuments cast in plaster and photographed. These
photographs were numbered, measured, and published with a map of the
monuments’ locations in the churchyard in 1899 (Stirling Maxwell 1899). The
stones were given another numbering system in 1903 by J. Romilly Allen in his
corpus of the Early Christian Monuments of Scotland (which will be referred to
in shorthand as ECMS; (Allen & Anderson 1903)). Allen used and referenced many
of Stirling Maxwell’s photographs of the stones, although only thirty-eight of

Maxwell’s forty-six Govan monuments were included in the ECMS.

In the ECMS, some of the monuments were given the same number as that given
by Stirling Maxwell, while others were not. The Jordanhill cross-shaft was again
listed separately from the other monuments, although its origins from Govan

churchyard were noted (Allen & Anderson 1903, vol 2, 459). One additional stone
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not seen in Stirling Maxwell’s corpus was also briefly described (ECMS 24),
although it is now missing. It is unclear why the eight monuments included by
Stirling Maxwell but were excluded by Allen, and all but one of these were
‘misplaced’ until recently. From Stirling Maxwell’s images, it appears that those
that were omitted by Allen because they did not exhibit interlace, although one

retained the clear outline of a cross.

Because of the accessible and comprehensive nature of ECMS, this numbering
system is usually utilised by researchers. In his description of the monuments, C.
A. Ralegh Radford included both labels: the ECMS number first, followed by
Stirling Maxwell’s in parentheses if it differed from the ECMS (Radford 1967a).
The Govan hogbacks were given another set of numbers by James T. Lang in his
research on the Scottish hogbacks as a monument type (Lang 1974, 212-214). It
should be noted that the Collections provided in the online record for Govan Old
via Historic Environment Scotland’s Canmore (Canmore ID 44077) uses both the
ECMS and Stirling Maxwell numbering systems interchangeably. In Govan and its
Early Medieval Sculpture, the ECMS labels were primarily used in each paper,
although a detailed concordance between the three different numbering systems
(Stirling Maxwell, ECMS, and Lang) was provided (Craig 1994a).

This thesis will ensure that all identification numbers are included based on
Derek Craig’s concordance of the Govan Stones contained in Appendix 2 of the
results of the Govan Conference (1994a). One minor correction will be made
here, as the No. 28 in ECMS actually corresponds to Stirling Maxwell’s No. 28,
and ECMS’s No. 15 corresponds to Stirling Maxwell’s No. 19. In ECMS, the figures
were attributed to the incorrect textual descriptions in the corpus, likely
because both slabs bear the inscription “TA.EA 1723”. However, ECMS No. 28’s
distinctive interlace (No. 601) makes its misidentification in the text clear.
While the ECMS numbering of carved stones in Scotland is usually preferred over
Stirling Maxwell’s system, in the case of Govan the ECMS system is inferior to
Stirling Maxwell’s. As described above, several stones (most of which are now
missing) were only recorded by Stirling Maxwell, and the Jordanhill Cross was
recorded separately from the rest of the collection in ECMS. Stirling Maxwell’s
photographs have also recently become accessible digitally; since 2008 the

Sculptured Stones in the Kirkyard of Govan has been digitised by Google and is
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now freely accessible online (1899). In order to include all of the early medieval
stones recorded as originating in Govan Old Church, Stirling Maxwell’s numbering
system will be primarily utilised throughout this paper, although the ECMS
numbers may occasionally be included for easy reference and correlation,
especially in cases where previous studies utilised the ECMS referencing system.

An illustrated concordance is provided in Appendix A to facilitate this.

In addition to the stones housed within the church, there are further carved
stones which exhibit such strong similarities that they can be described as
belonging to the same ‘school’ of carving. This includes the two recumbent
monuments found at Dumbarton Castle, five sculpted stones from Inchinnan, and
several crosses or cross fragments from the area surrounding Glasgow, namely:
the Mountblow cross, the Old Kilpatrick cross-shaft, the Cambusnethan
fragment, the Netherton cross, the Barochan cross, the Arthurlie cross, the
Capelrig cross, the Stanely cross fragment, two cross fragments from Newton
Woods, the Lochwinnoch cross, and two cross fragments from Kilwinning
(Macquarrie 2006, 8-18). These are by no means the only stones which might fall
under the ‘Strathclyde style’; Derek Craig’s handlist of stones from the Glasgow
area includes a few non-cross specimens, including the Fairlie stone (1994b, 81-
91), which appears to exhibit animals very similar to those found on Inchinnan 3
(Allen & Anderson 1903, 2, 475). Later it will be argued that St Blane’s on Bute,
which was not included in his handlist, should be considered related to the
Govan material. These may be referenced in the text when important
connections between the Govan collection and stones from the surrounding area

highlight certain aspects of their context.

3.1 Govan 1 - The Sarcophagus

Arguably the most famous of the Govan stones, and most likely the earliest at
the site, though it has not been previously stated outright (Davies 2010, 3;
Forsyth 2008), the sarcophagus (Govan 1) represents a monument type which is
otherwise unknown in Scotland prior to the twelfth century AD. The sarcophagus
was rediscovered in 1856 (Stuart 1856; Davidson Kelly 1994, 10-11), and was
moved into the church in 1908 to the table designed by R. Rowand Anderson,
where it sits today (Davidson Kelly 1994, 11). (James Cruickshank Roger reported

the loss of two other ‘sarcophagi’ in the destruction of the church in 1762,
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though this cannot be corroborated (Spearman 1994, 33)). The form of the
monument is not evenly shaped - one end panel is taller and wider than the
opposing end, which gives the impression that there is a “head end” (the larger
and elevated face) and a “foot end”. The current orientation of the monument
has the foot end facing north, towards the communion table. The sarcophagus is
decorated on all four sides with a combination of interlace and various figural
motifs. On both the head and foot of the sarcophagus there is a panel of
interlace delineated from the plain, dressed stone by an incised rectangle. The
‘west’ side, currently facing away from the wall of the church, is decorated with
two panels of interlace alternating with a hunting scene which features a
mounted figure pursuing a deer with what is probably a dog, and a scene of a
beast with an interlaced tail, its body decorated with an incised line combined
with diagonal key pattern (Allen & Anderson 1903, 2, p. 462), crushing another
beast and a snake. Just behind and above the rider and to the left of the
triumphant beast are boundaries of step pattern which delineate these panels
from the panel of interlace between them (Figure 3.1). The east side of the
sarcophagus is also segmented into four panels, from left to right, with a panel
of interlace interspersed with what appear to be snake’s heads, a panel of four
beasts with each of their tails interlaced above their backs, possibly
incorporating their ears. The two beasts on the top are upright, while the two on
the bottom are inverted. Next is another panel of interlace, although this one is
bounded by an undecorated band on three sides. The fourth and final panel
depicts two beasts with crossed necks. The tail of the beast on the left appears
to be interlaced with the ear of the beast on the right, and the tail of the beast

on the right is interlaced with the tongue of the beast on the left (Figure 3.2).

Figure 3.1. West face of the sarcophagus depicting the riding scene.
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Figure 3.2. East face of the sarcophagus depicting different arrangements of beasts.

In an attempt to determine the source of inspiration for the sarcophagus, it has
been compared to a variety of monuments, including composite corner-post
slab-built shrines, like that which was found on St Ninian’s Isle, Shetland, solid
recumbent shrines, and monolithic Classical sarcophagi most often found in
Continental contexts (Spearman 1994, 38-39; Thomas 1994, 25). Sarcophagi
crafted in a similar manner to Govan’s dating to the Roman occupation of Britain
have been found and are relatively common regionally; in the gardens
surrounding the Yorkshire Museum, a number have been used in the landscaping
as either garden features or as planting beds (Figure 3.3). The Govan
sarcophagus would have been covered with a lid, although it is uncertain what
form this would have taken. Several other monuments within the Govan school
of carving have been proposed as potential sarcophagus lids, including a
recumbent slab with angle-knobs from nearby Inchinnan (Spearman 1994, 39),
although this monument in particular has been argued to merely be imitating the
corner-post shrines and probably did not act as a lid (Bailey 1994, 114). Another
monolithic sarcophagus from Derby, known as St Alkmund’s sarcophagus, dates
to the 9" century and is the closest parallel we have to the Govan sarcophagus.
St Alkmund’s sarcophagus retains a fragment of its flat lid (Davies 2010, 7-8). It
is likely that the Govan sarcophagus originally contained human remains due to
its size and the presence of an apparent drainage hole in the base of the

monument.
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Figure 3.3. Several Roman sarcophagi reused as flower beds in the York Museum Gardens.

Today, there are two complete holes in the base of the monument, though one
is much larger, towards the foot end of the monument, and more funnel-shaped
than the other. The larger of the holes, described as a drainage hole, is a
common feature in coffins dating after this period, as can be seen in the photo
of the 13 century stone coffins exposed at St Andrew’s Cathedral (Figure 3.4).
The smaller hole of the Govan sarcophagus is closer to the head-end of the
monument and is accompanied by an even smaller, incomplete ‘hole’.
MacGregor Chalmers’ drawings, which he began in 1883 and completed
sometime toward the end of 1885 (Spearman 1994, 43-45; MacGregor Chalmers
1902, 1-2), depict only the largest of the holes and his description only mentions
the one. In his book he described the interior of the sarcophagus in detail, again
reiterated the presence of one drainage hole, and specifically cited that “The
tool marks show that this opening was cut when the Sarcophagus was made,”
(MacGregor Chalmers 1902, 11), and John Stuart had only described the
presence of one hole shortly after its discovery (Stuart 1856, 43). It then seems

likely that the two smaller ‘holes’ (one hole, one incomplete) were added



Chapter 3: Govan Stones and their context 57

sometime after 1883. This leads to the question then, when were these

additional attempts at holes created, and why?

'A.‘ o B T T S
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Figure 3.4. Stone Coffins dating to the 13th Century located at St. Andrews Cathedral. Two
drainage holes are visible; these are located towards the centre or foot-end of the coffins.

After MacGregor Chalmers’s drawings were complete, J. Romilly Allen visited
Govan churchyard in 1891. Although the graveyard had fallen into disrepair by
the 1880s, including the “monument house” protecting the sarcophagus and
several hogbacks, Allen reported that it had been much improved by the time of
his visit (Davidson Kelly 1994, 12-13; Allen 1903, 395). Allen mentions the
presence of a single hole in ECMS (Allen & Anderson 1903, 2, 462), although this
might be based on his earlier observations. The sarcophagus was brought into
the church in 1908 and placed on its current display table (Davidson Kelly 1994,

13). It seems unlikely that the holes would have been carved into the stone after
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it was brought into the church, especially considering the level of concern for
the preservation of the carved stones left outside, recorded in subsequent Kirk
Sessions (Davidson Kelly 1994, 14). These two holes should then have been added
sometime between 1892 and 1908, unless MacGregor Chalmers and Stuart had
dismissed their presence out of hand as later additions due to their odd
placement in comparison to later stone coffins (MacGregor Chalmers 1902, 11),
but this seems unlikely. It is also possible that the sarcophagus was not very
clean when he was making his drawings, so these smaller holes might have been
packed with soil at the time (Frazer Capie, pers comm). Finally, it could be that
these were added to aid in drainage of the sarcophagus, especially if the
“monument house” was so damp that the other stones had begun to suffer for it
(Davidson Kelly 1994, 14). Unfortunately the interior of the cast created by
Henry Laing in 1856 (Spearman 1994, 34) does not appear to be a record of the
actual surface; the interior is much wider and brush strokes are prominently

recorded in the plaster (Adrian Maldonado Ramirez, pers comm).

While the larger hole was likely originally carved to allow for drainage of the
body it contained, it is also possible that the sarcophagus held the bones of a
king or relics relating to St Constantine (Ritchie 1999, 8-9; Davies 2010, 13-15).
The hole in the base of the monument could have allowed for the creation of
secondary relics, by allowing oil or some other substance to come into contact
with the relics and to pass through to be collected in a container below
(Thurlkill 2016, 104; Yasin 2009, 165-167). The creation and distribution of
secondary relics (and sometimes even tertiary relics) became a significant
aspect of early Christian belief, especially as it related to pilgrimage, throughout
the Christian world with the introduction of saint’s cults. In Ireland, the
translation of corporeal remains to reliquaries seems to become particularly
popular in the eighth and ninth centuries, and again in the eleventh and twelfth
centuries (O Carragain 2010, 67). Reliquaries across Europe and the Middle East
containing saint’s relics were designed to allow access to the relics so that
portable items or substances could come into contact with the remains and
become “spiritually enhanced” (Thurlkill 2016, 104). Even relatively small, fifth-
century churches in Syria have been found to have one or more of these small,
sarcophagus- or stele-shaped reliquaries capable of dispensing holy oil blessed

through contact with the saint’s relics (Yasin 2009, 167-170). Gregory of Tours
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seems to have commented on the production of secondary relics at the Vatican
at the tomb of St Peter, where one could lower a piece of cloth into the tomb
through a hole at the top. He claimed that if one’s faith was strong enough, the
cloth would weigh more after it emerged, as it had been “soaked with divine
power” (Van Dam 2004, 24).

Secondary relics were also desirable in the British Isles, as Bede attests in his
Ecclesiastical history of the English people. Although he provides a multitude of
examples of secondary relics and their miraculous capabilities (Colgrave et al.
1991, iii.2, iii.9, 11), his description of St Chad’s wooden coffin, which was
carved in the shape of a small house, allowed access to the saint’s remains
through “an aperture” in the side of the coffin. Visitors were permitted to take
dust through this hole, which, when combined with water, held healing powers
(Colgrave et al. 1991, iv.3). The continued significance of saints and their relics
in Britain throughout the early medieval period provide a context in which the
sarcophagus could have been instrumental in the ritual production of secondary
or tertiary relics for pilgrims and others visiting the site. If Bede is to be
believed, this could have taken the form of water or even soil that had come

into contact with the remains.

Comparisons can be made between the Govan sarcophagus and St Alkmund’s
sarcophagus. St Alkmund’s sarcophagus is located in Derby and has been
attributed to the early ninth-century (Davies 2010, 7). As mentioned above,
unlike the Govan sarcophagus, St Alkmund’s sarcophagus retains a fragmented
corner of its decorated, flat lid. Additional differences arise when one compares
the construction of the two monuments: while they are both carved from a
single block of stone, the Govan sarcophagus also features a draining hole and
chamfered rim. R. M. Spearman (1994, 38) has suggested that the finish of the
chamfered rim could indicate that the sarcophagus was topped by a pitched lid,
which would have resulted in a shape similar to the house reliquary shrine. If
this was indeed the case, this would have resulted in a different shape than that
which can be inferred from St Alkmund’s flat-topped lid fragment. Although both
monuments were likely used to house the remains of a king or a saint’s relics,
the basic structure of each differed. In addition, while both monuments are

decorated on all sides and were likely meant to be seen above ground, the
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decoration covering St Alkmund’s sarcophagus does not incorporate figural
scenes or animals like those prevalent on the Govan sarcophagus, only non-
median-incised interlace. While the creators of each sarcophagi were likely
drawing on similar inspiration from Continental examples which led to the choice
of creating the monument from one slab of stone, their local traditions were the
deciding factor in the ultimate designs of their respective sarcophagi.
Intriguingly, St Alkmund’s sarcophagus does not exhibit a drainage hole; as
indicated above, there could have been other means of creating secondary relics
without the presence of a drainage hole, like lowering a piece of fabric through
a hole in the lid, but, without the entire lid, we lack the evidence to confirm
this was the case here. The lack of a drainage hole in St Alkmund’s sarcophagus

makes the presence of two in the base of the Govan even more intriguing.

By framing the Govan sarcophagus in this ritual context, it becomes clear that it
could have been designed first as a coffin for the body of a royal saint, and then
acted a receptacle for the saint’s relics. These holes could have been involved in
the production of secondary relics for pilgrims (Davies 2010). On the off-chance
that the holes omitted by Stuart and MacGregor Chalmers date to the early
medieval period, this shift in function might be reflected in the presence of two
holes that go through the bottom of the container instead of only one (although
these additions would not be necessary to this change in function, the single
drainage hole would have been enough to be used in this way). While the larger
of the holes is situated where one might expect in a stone sarcophagus, the
second is nearer the head-end. The areas immediately surrounding these holes
demonstrate enough wear that the surface has lost its pecked quality, visible in
the three-dimensional model. It is possible that this wear was caused by the
desiccation of the original occupant, but the erosion could have also been
accelerated if the creation of secondary relics involved the repeated drainage of

oil, water or soil after coming into contact with the relics.

3.1.1Saint Constantine

Govan'’s association with Saint Constantine has long been discussed in academia,
especially over which “Constantine” is meant to have been commemorated by or
contained within the sarcophagus. Constantine could refer to Emperor

Constantine the Great, the first Christian Roman emperor, whose feast day falls
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quite close to that of St Constantine’s in Govan (Woolf 2007, 9-10). Another
option could be Constantine, the son of King Rhydderch Hael as told by Jocelin
of Furness in the late 12t century, but this is an assertion generally thought to
have little merit by most scholars due to the specific political gain this would
have afforded Glasgow Cathedral, for whom Jocelin produced the text
(Macquarrie 1994, 31; Woolf 2007, 9). Finally, it has been noted that several
candidates lie within the early Scottish kings of the Dalriadic dynasty, and those
thereafter who sought to connect themselves with the Dalriadic lineage
(Macquarrie 1994, 31-32).

Another possible identification for the Govan St Constantine comes from
Kilchousland in Kintyre, where he was martyred, who shares the same feast day
with St Constantine at Govan. It has been argued that this St Constantine’s relics
left Kintyre and were brought to Govan to escape inland from the Vikings around
the late ninth century. This would neatly coincide with the beginning of the
sculptural tradition in Govan (Radford 1967a, 186-188; Macquarrie 1994, 31;
Woolf 2007, 11-12). However, there do not appear to be many shared
characteristics or stylistic similarities between the sculpture of Kintyre and that
which is so prevalent in Govan. If this is the correct identification for Govan’s St
Constantine, the transferral of these relics may have acted as the impetus for

the development of the Govan school of carving.

John Davies (2010, 10) has suggested that the St Constantine referred to in
Govan’s dedication might share similar attributes with St Alkmund, who falls
under the category of “martyred royal saints.” This type of saint was particularly
common in Northumbria and Mercia from the early seventh century through the
late tenth century (Rollason 1982). Davies argued that the focus of this saint’s
cult in Govan was most likely Constantine I, son of Cinead mac Ailpin (Kenneth
mac Alpin), because of his identification as “King Constantine the Martyr” in the
‘Dunkeld Litany’ by Thomas Clancy (2002, 420). Considering the lack of
ecclesiastical figural sculpture in the Govan collection (apart from one extant
panel on Govan 10) and the apparent preference for depictions of elite
horsemen, regardless of which historical figure it is based on, it is likely that St

Constantine’s royal associations were emphasised.
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3.2 Govan’s Crosses and Upright Cross-slabs

Govan’s collection of early medieval sculpture also includes what have been
previously described as two cross shafts and two upright cross-slabs. These are
numbered as Govan 7, 8, 9 and 10 (ECMS Jordanhill, ECMS Govan 4, ECMS 5 and
ECMS 29 respectively). Govan 7 and 10 have been described as cross-shafts
largely because they are (or were) decorated on all four faces. Govan 8 and 9
have typically been referred to as ‘upright cross-slabs’ because they are only
decorated on the two broader faces; the other two faces are left largely
untreated. Neither of the cross shafts retain their cross heads, and Govan 10 has
been largely effaced except for two panels of interlace on the uppermost
segment of the monument on opposing faces (although Govan 10 is currently
displayed upside-down so that these appear to be decorating the base of the
monument), and the panels on the narrow edges of the monument, which still

survive.

Despite Govan 10’s poor condition, it can still be identified that Govan 7 and
Govan 10 share certain pattern types - both exhibit variants of key pattern
(Allen & Anderson 1903, 1, 308), plaits, free-ring interlace (Cramp 1984b, xxxi)
and Stafford knots (Allen & Anderson 1903, 1, 148). Plain rectangular boundaries
between interlace panels were consistently utilized in the carving of the edges
of Govan 10; while they were only occasionally employed in the decoration of
Govan 7. Both crosses also depict figural images, though Govan 7’s is a mounted
horseman, while Govan 10’s appears to be an ecclesiastic scene; it has been
interpreted as Samuel anointing David in apparent reference to the joining of
the Church and State (Fisher 1994, 49-50; Macquarrie 2006, 7).

Govan 9 is significantly plainer than the other monuments in the collection. On
one face is the carved remnants of an undecorated cross-shaft with a plain
incised border, but with no discernible terminus at the bottom. The opposite
carved face only shows part of a rider on a horse or donkey, both with strangely
curved feet. The rider was more intact when it was illustrated for John Stuart’s
volume on Scottish sculpture (1856, Pl. CXXXVI). Govan 8 is also decorated with
a cross, though it is decorated with a series of plaits and flanked on either side
by two twists in the shape of snakes. Below this cross is another horseman,

whose horse exhibits curved feet similar to those on the horse from Govan 9. On
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the opposite face, the top portion of Govan 8 is decorated with a sort of snake
boss - three of the snake heads face one direction, while the snake closest to
the top of the stone faces the opposite way; altogether these snakes form a
rough swastika arrangement. Beneath this feature is an irregular angular plait.
Govan 8 still retains a tenon on top, and Stuart’s aforementioned illustration

suggests that Govan 9 once had the same feature.

It is likely that these monuments would have been situated in areas of the
landscape surrounding the church that were visible as one approached or left the
sacred space (Macquarrie 1997). Unless socket stones for the individual crosses
and cross-slabs are found in future excavations, such as those examples from the
lona school and the decorated socket stones known from Ireland, including
Clonmacnoise (Fisher 2005), it is unlikely that we will ever be able to identify

where these monuments originally stood.

3.3 Govan’s Hogbacks

After his reassessment of monuments previously classified as ‘hogback
monuments’, Jamie Barnes has estimated that there are approximately 147
confirmed hogbacks recorded from the British Isles (2019). Five hogback
monuments are present at Govan Old. Four of the five are the heaviest and
largest of the known hogbacks, and they are also the largest single collection of
hogback monuments in Scotland (Ritchie 2004, 1). The smallest of the Govan
hogbacks, Govan 2, is unique in that it displays horizontal bands of interlace
along its base. Lang (1994, 125-126) has argued that the ‘stopped plait’
treatment reveals Anglo-Scandinavian connections and suggests that the design
of Govan 2 might have been subject to Cumbrian influences. Others have
pointed out that stopped plait and the filler pellets present in Govan 2’s
interlace are also popular in Galloway (Bailey 1994, 118-119). Other designs,
such as the swastika pattern on one end of this monument, indicate that the
monument is closely related to other monuments within the Govan School,
including the Barochan and Cambusnethan crosses (Macquarrie 2006, 23). Govan
6 is uncharacteristically concave on one end and so appears to have been
damaged, while both Govan 3 and 4 have each been redesigned at some point to
appear more like one beast (Lang 1994, 127). Govan 5 still retains its severely

worn end beasts, although the central portion of the ridge of the monument has
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been worn severely into a distinctive bowl-shaped recess. While some have
argued that this appears to have been used as a hone for a scythe (Lang 1994,
129; Ritchie 1999, 18), others have suggested that a turning stone or bullaun
stone, stones which rest in a depression and are physically turned as a prayer is
said, sometimes as part of a pilgrimage, could have created similar wear (David
2013, 19-20). It is possible that Allen witnessed one of the stones being treated
in this manner, although he had a rather negative view of the practice and did

not mention which stone had received the treatment (Allen 1897, 148).

All except Govan 2 and Govan 4 show evidence for a carved, concave base of the
monument, to varying depths; this difference appears to be noted by John Stuart
shortly after their discovery when he states that these two hogbacks have
“marks...which would lead to the supposition that they fitted into other stones
(Stuart 1856, 43).” Anna Ritchie suggests that the hollowing out of Govan 3, 5
and 6 was likely done early in the process, before the sculptor began to work
(Ritchie 1999, 18). While this could have been done to decrease the weight of
the stone just after the slab was first quarried, the most massive of the five
hogbacks, Govan 5, has a minimal amount of stone removed from its base in
comparison to Govan 3 and 6. Therefore, it seems unlikely that this was done
simply to reduce the monuments’ weight. Stephen Driscoll has suggested that
this was done to increase the stability of the monuments (pers comm), although
this raises the question as to how the thinner hogbacks stayed upright and in

place without this feature.

Hogbacks are conventionally viewed as a ‘Viking colonial monument’ (Crawford
1994, 103) due to a combination of factors: the vast majority of the hogback
stones are located near waterways and areas where place-name evidence
suggest the presence of Scandinavian influence during this period (Lang 1974,
209; Crawford 1994, 104). However, there are no precursors to this monument
type in pre-Christian Scandinavia and no hogbacks have been found on the Isle of
Man, even though a clearly significant tenth-century Scandinavian influence and
associated sculptural tradition was present there (Crawford 1994, 103; Williams
2015, 250-252), though this might have more to do with the type of stone that
was available for carving (Stephen Driscoll, pers comm). While hogback

monuments are traditionally thought to represent tenth-century longhouses from
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southern Scandinavia (Schmidt 1973, 76), others have pointed out that the
house-shape is not unique to this monument type during the early medieval
period; the house-shape is also adopted by metal early Christian reliquaries and
the caps of some early Irish crosses (Williams 2015, 253), although these usually
portray straight-ridged buildings as opposed to the curved ridges of the
hogbacks. It has been proposed that these house-shaped monuments do not
necessarily indicate Scandinavian influence, but instead derive from an Early
Christian tradition. Similar forms of the tegulated decoration prominent on these
hogbacks can be found in several illuminated texts depicting the temple at
Jerusalem (Whitworth 2016). As research into hogbacks continues, it is becoming
increasingly clear that these monuments are critically important to our

understanding the 10t-11th centuries (Barnes 2019).

3.4 Govan’s Recumbent Cross-slabs

The largest proportion of the collection of early medieval sculpture in Govan
consists of recumbent graveslabs. This monument type is regionally distinct to
Strathclyde, and about 75% of the stones of this type belong to the Govan
collection (Driscoll et al. 2005, 143). While these appear quite similar, they do
vary from one to the next in terms of decoration, size, and overall shape. The
recumbent cross-slabs in particular offer themselves well to building various

typologies.

Typologies are a type of classification defined by certain attributes to form
discrete groups or categories to address a specific research question (Adams &
Adams 1991, 47-48; Hurcombe 2007, 55). Typological classification has its roots
in evolutionary thinking and has become a long-standing traditional approach in
archaeology (Lucas 2001, 75). Its use as an explanatory framework has changed
alongside archaeological theory, from defining a cultural group by a certain
widespread artefact form by culture-historians (Lucas 2001, 82-85), to the
present day approach, which acknowledges that these typologies are arbitrary
classification tools designed by the archaeologist to better understand how some
objects relate to other objects, though the differences we identify may have
held little significance to the people who used and interacted with the objects

(Lucas 2001, 96). As such, a typology cannot be measured by how ‘correct’ it is,
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but rather how well it answers a research question and its consistency in its

description of each type (Adams & Adams 1991, 4-8).

Prior to this thesis, two typologies have been developed for the recumbent
cross-slabs at Govan. Allen and Anderson were the first to begin categorizing the
Govan stones based on certain stylistic attributes. They began by grouping the
stones based on the overall shape of the monument. This resulted in the
sarcophagus, hogbacks, and cross-shafts belonging to their own respective
groups. The recumbent slabs were classified according to their overall shape,
which resulted in three groupings. The slabs Govan 11 (ECMS 9) and Govan 24
(ECMS 6; Figure 3.5) formed their own classification because both had rounded
ends. The second, and the group of recumbent slabs that tends to receive the
most attention, is characterized by the presence of circular knobs at each corner
of the rounded border of the stone (Figure 3.6). Finally, Allen and Anderson
lumped the rest of the recumbent stones into a group described as “ordinary,”
and “nearly rectangular in shape” (1903a, 2, 467; Figure 3.7). While grouping by
shape has led to a solid foundation for a typology for this monument type,

further significant subdivisions can be made within these groups.

Figure 3.5. Allen and Anderson's Rounded End Recumbent Cross-slab Group (not to scale;
Allen et al. 1903a, 2, p. 465): (left) Govan 11, (right) Govan 24.
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Figure 3.6. Allen and Anderson's Angle-Knob Recumbent Cross-slab Group (not to scale; Allen
et al. 1903a, 2, p. 466): (from left to right) Govan 12, Govan 17, Govan 18, Govan 23, Govan
25, and Govan 35 (misplaced).
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Figure 3.7. Allen and Anderson's Nearly Rectangular Recumbent Cross-slab Group (not to
scale; Allen et al. 1903a, 2, p. 467); Top (left to right): Govan 13, Govan 14, Govan 15,
Govan 16, Govan 17, Govan 20, Govan 21; Middle (left to right): Govan 22, Govan 26, Govan
27, Govan 28, Govan 29 (‘missing’, (Stirling Maxwell 1899, pl. XX), Govan 31, Govan 32
(‘missing’, Stirling Maxwell 1899, pl. XXI); Bottom (left to right): Govan 33 (‘missing’, Stirling
Maxwell 1899, pl. XXIl), Govan 34 (‘missing’, Stirling Maxwell 1899, pl. XXIl), Govan 36,
Govan 40 (‘missing’, Stirling Maxwell 1899, pl. XXV), Govan 43 (‘missing’, Stirling Maxwell
1899, pl. XXVII), Govan 44 (‘missing’, Stirling Maxwell 1899, pl. XXVII).

Rosemary Cramp (1994, 56) has provided the most detailed treatment of the
recumbent slabs as a group by demonstrating that these monuments have more
distinguishing qualities than the presence or absence of angle-knobs (Thomas
1994, 25; Bailey 1994, 114). She divided the recumbent monuments into three
groups based on several characteristics: those which display angle-knobs and are
decorated with interlaced panels containing free-ring interlace surrounding plain

crosses (Group A); those which have crosses that are decorated with interlace,
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whose crossheads reach the top of the frame, and are surrounded by panels of
interlace (Group B); and those plain slabs which appear to be narrower with
chamfered edges, which she designated as dating from the 11t century (Group
C; Cramp 1994, 56).

In Group A she includes Govan 12, 17, 18, and tentatively Govan 25 (ECMS
numbers 13, 35, 7, and 23 respectively). Others which she cited as sharing
characteristics with Group A included Govan 19, 20, 22, and 27 (ECMS numbers
15, 8, 27, and 17 respectively), although these lack angle-knobs and contain
different variants of interlace (Figure 3.8). She also indicates that this group was
carved with a ‘grooved technique,’ which she defines as the creation of

ornament using a point to “peck the outline from the surface” (Cramp 1994, 56).

Figure 3.8. Rosemary Cramp's Group A and related monuments (not to scale; Cramp 1994,
56); Top (left from right): Govan 12, Govan 17, Govan 18, Govan 25, Govan 19, and Govan
20. Bottom (left from right): Govan 22, Govan 27, and possible Group A members Govan 11,
Govan 16, Govan 32 (missing, Stirling Maxwell 1899, pl. XXI), and Govan 34 (missing, Stirling
Maxwell 1899, pl. XXII).

The characteristics of Cramp’s Group B are defined primarily by Govan 14 and 26
(ECMS 32 and 21), although she states that Govan 15, 16, and 28 (ECMS 34, 14,
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and 28 respectively) should also be included (Figure 3.9). This group is
characterised by interlace-decorated crosses which extend upwards to the edge
of the plain border, effectively dividing the upper portion into two separate
panels of interlace. She also describes the carving technique in Group B as
deeper than the ‘grooved technique’ of Group A because of the use of both a
chisel and a point. Group B provides more evidence for a planned approach to
the ornamentation, as grid points are still visible. Cramp suggests that, although
there is decoration covering their crosses, Govan 11 and 16 (ECMS 9 and 14) are
decorated with interlace more closely related to that of Group A (Cramp 1994,
56). Her Group C consisted of “several which are so worn as to be incapable of
linking with any other category” and “narrower plain covers with bevelled
edges” (1994, 56).

s >
@
* a

-
3
> @ 3

X

-
o e

9"’
27
¥

a1 800

OO

a4
R
o

>

>
T

R

> >

a
¥
s

4
i
P

a}:

{9

Voo

Figure 3.9. Rosemary Cramp's Group B (not to scale; Cramp 1994, 56): (left to right) Govan
14, Govan 26, Govan 15, Govan 16 (also could be in Group A), Govan 28.

Cramp cites several areas of Scotland as possible sources of inspiration for the
Govan carvers, but argues that Group B would have been influenced by upright
slabs from eastern Scotland and would have pre-dated Group A, whose free-ring
decoration and grooved interlace appears to have been affected by 10t century
Anglo-Scandinavian influences. Cramp further suggests that the plain slabs in
Group C (Govan 42, 44 and 46, of which the latter two are now missing) would
not date earlier than the eleventh century (Cramp 1994, 56-59). A summary of

Cramp’s groups are tabulated in Table 3.1 below.
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Table 3.1. A Summary of Rosemary Cramp's Govan Recumbent Monument Typology.

Stones not included in

Group A Group B Group C
P P P Rosemary Cramp's analysis

Characteristics Stones |Characteristics Stones |Characteristics Stones Stones
=Interlace decorated .

*Angle Knobs 12 14 (=Plain slabs 42 13 35%
crosses

=Interlaced Panels

. . =Crosses reach top of *Bevelled

with free-ring 17 15 44* 21 37*

. frame edges

interlace

. f chisel i
Use of chisel and point, -Date to 11th

*Plain crosses 18|Deeper than grooved 16 46* 23 38*
. century?
technique
*'Grooved technique':
Pecked outline from 25|=Grid points visible 26 24 39%*
the surface
19 28 31 40*
20 32% 36 41*
22 34%* 29* 43*
27 30* 45%
11t 33*
16t

All stone numbers given refer to Stirling Maxwell's numbering system

TRosemary Cramp indicated that, while these stones have interlace covering the crosses, the interlace used is more
closely related to Group A

*Stone now missing, although recorded by Stirling Maxwell

A more comprehensive critique of Rosemary Cramp’s recumbent cross-slab
typology is given in Section 8.1, but it can be summarised as follows. There are
primarily three weaknesses that can be identified in her assessment. First, only
a select number of the recumbent monuments were considered in her typology;
at least two of the excluded slabs were largely intact and pictured, but not
directly classified. Secondly, several stones had been ‘misplaced’ since the
destruction of the adjacent shipyard in the 1970s were included in her typology,
apparently based on their images from Stirling Maxwell’s publication. After the
newly rediscovered slabs have been recovered and conserved, their placement in
Cramp’s typology can be reassessed. Finally, and most importantly, the worn
and damaged nature of the cross-slabs were not fully considered before they

were classified.

While the vast majority of Govan-centred research only began with C. A. Ralegh
Radford in 1967 and flourished within the past fifteen years, there has been a
longer tradition of general interest and recording of the stones. The following
section will highlight these phases, describe the nature of the records and how

these have influenced our knowledge of the stones today.



Chapter 3: Govan Stones and their context 72

3.5 Records of the Govan Stones

Since the 18t century, early medieval monuments have been recorded using
many different techniques, including rubbings and lithographs. Rubbings were
commonly used as reference material for the artist to produce a representation
of the monument. In the early 19t century, some antiquarians questioned the
accuracy of these illustrations. Images from the early 18t century had shifted
from an empirical, science-based tradition to the romanticised view of
antiquities (Piggott 1978, 44). In 1814, John Pinkerton stated that Mr. Cordiner’s
“representatives cannot be trusted, his imagination being strangely perverted by
some fantastic ideas of the picturesque, while those of Mr. Gordon are too rude
and inaccurate (Chalmers 1848, x; Henderson 1993, thirteen; Ritchie 1998, 9)”.
Patrick Chalmers of Aldbar had lamented that it was difficult to convince an
artist that accuracy was more important than creating a beautiful work of art
(Chalmers 1848, v). While Chalmers had focused on creating an accurate record
of the Early Christian monuments of Angus, John Stuart widened his scope and
aimed to record the sculptured stones of Scotland. He had initially employed the
same artist and lithographer who had illustrated Chalmers’ publication, but P. A.
Jaztresbski was ‘removed’ to Australia and was subsequently replaced by A. Gibb
(Ritchie 1998, 11-12). Gibb had apparently found Jaztresbski’s work lacking in
detail, and it was decided that Gibb would redo many of the figures his
predecessor had completed. There is clearly a sense of frustration with the
accuracy of visual records during this period. It was Gibb who John Stuart would
then commission for creating the lithographs in his Sculptured Stones of

Scotland, and who was the first to illustrate the Govan Stones (Stuart 1856, xvi).

At the turn of the 20t century, photography was advocated as the ideal
technique by which Early Christian monuments should be recorded. However, it
was quickly realised that photography was not infallible, nor the “absolute
truthfulness” for which many were hoping, especially in cases where the
decoration was weathered or obscured by vegetation. Photographs do provide an
accurate record of the contemporary condition of the sculptured stone (Ritchie
1998, 20). Despite earlier scrutiny of the accuracy of these records, drawings
and lithographs isolate the decoration and present the artist’s interpretation of
the monument. In addition, some of the earliest records can convey what some

stones looked like before stones were broken, weathered, or were lost entirely
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(Ritchie 1998, 2, 7). Both means of recording can provide valuable information

about the early medieval monuments of Scotland.

As mentioned above, the first illustrations of the Govan Stones were done by A.
Gibb in John Stuart’s 1856 The Sculptured Stones of Scotland. Interest in this
group of stones was piqued by the discovery of the sarcophagus in December
1855 (Stuart 1856, 43). He had eleven of the stones illustrated, including all four
sides of the sarcophagus (Govan 1), two hogbacks (Govan 2 and 4), both carved
faces of the Sun Stone and Cuddy Stane (Govan 8 and 9), a selection of
recumbent gravestones (Govan 24, 18, 20, 11 and what appears to be Govan 30,
which was recently rediscovered), and the Jordanhill Cross, which he recognised
as having come from the churchyard at Govan. Stuart does not state how many
sculptured stones were identified at that time, although he acknowledges that
the stones he depicted are only a sample of a larger collection. As stated above,
A. Gibb was striving for accuracy when illustrating these monuments for John
Stuart, as a comparison of his compositions to the extant stones will
demonstrate. While the images are not necessarily an exact representation of
the monuments, we are fortunate to have these images as they record the
completeness of these stones in 1856. Without these sketches we would not
know what the lower fragment of Govan 11 (ECMS 9) looked like, as it was lost
sometime between 1856 and 1899 (Figure 3.10).

Figure 3.10. Illlustration of Govan 11 before lower half was lost (Stuart 1856, pl. CXXXVII).

P. MacGregor Chalmers also strove for accuracy by using rubbings and
measurements of the sarcophagus to inform his detailed drawings of the Govan

sarcophagus in 1883, which had taken “nearly a year’s patient labour on my
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part, undertaken for my own private study, and carried on in the early mornings
before breakfast (MacGregor Chalmers 1898).” This claim was made after a Mr.
John Honeyman published the drawings in “The Regality Club” and did not
attribute the drawings to Mr. MacGregor Chalmers, although MacGregor
Chalmers had indicated that his drawings would be used in the publication in a
“Letter to the Editor” of the Glasgow Herald in five years earlier (MacGregor
Chalmers 1893). MacGregor Chalmers’s drawings not only capture the decoration
of the sarcophagus, but they also record the presence of the drain-hole and the

areas of damage to the rim of the sarcophagus (Spearman 1994, 35).

After, Sir John Stirling Maxwell funded a comprehensive photographic catalogue
of the ancient Govan stones, a collection which totalled forty-six at the time.
These photographs were taken by T. & R. Annan & Son in 1899 (Allen 1897, 148;
Stirling Maxwell 1899; Driscoll et al. 2005, 137; Driscoll 2016, 76). J. Romilly
Allen described the process by which the stones were recorded: first, moulds
and plaster casts were created of each of the stones by Robert Foster of Stirling
(Foster 2015, 74), then it was the casts that were photographed (Allen 1897,
148). In this privately published book, of which there were only seventy-five
copies made, he provided a map of the stones’ locations in the churchyard at
the time and measurements and photographs of each of the stones. He states in
the note at the beginning of the catalogue that these plates were “printed in
order to preserve their designs, and to bring them within the reach of students
(Stirling Maxwell 1899).”

While the excellent black-and-white photographs provide a detailed record of
the stones and their decoration, including the only images we have today of
fifteen stones which were thought to have been missing, there are several ways
it could have been improved. Most of the photographs are not to scale; while
sets of photographs of a single stone, like the four carved sides of the
sarcophagus, appear to be scaled in relation to each other, separate stones are
not scaled in relation to each other. This disparity becomes blatantly apparent
when comparing Stirling Maxwell’s measurements of the recumbent cross-slabs,
especially between Plates Xl and XIV. It is unclear why this was done, as the
plates are inconsistent in size and shape even on opposite sides of the same

page, and so it does not seem to be due to a printing requirement. Finally,
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Stirling Maxwell offers no interpretation or even a textual description of the
collection; while he meets his stated objective of recording the patterns present
on the stones and making them accessible to antiquarians, he does not provide

much else in the way of historical or ecclesiastical context.

Whatever his intent, we are lucky to have these photographs, because they
provide the only images for fifteen of the stones that had been misplaced, seven
of which were not described by Allen and Anderson in 1903. Allen mentions one
that was not recorded by Stuart or Stirling Maxwell which apparently had ‘plain
raised borders and angle knobs’ (Craig 1994a, 151) and ‘the figure of an angel at
one end of the slab’ (Allen et al. 1903, 2, pp. 465-466; ECMS 24), although he
did not provide an illustration of this stone. In fact, many of the photographs
published by Stirling Maxwell were used to illustrate the Govan section in The
Early Christian Monuments of Scotland (Allen & Anderson 1903, vol 2, 459-460,
462-471). Unlike Stirling Maxwell, Allen provides a great deal of detail in his
description of most of the carved stones at Govan. However, it is clear that
Allen’s primary purpose behind recording the Govan monuments was to firmly
affix it in its national context through comparisons between monument form and
especially ornamental motifs. In his quest to fit Govan into the national
narrative, he generalised these patterns to fit his ornament typologies. It will be
argued later that this approach, while a solid foundation for characterising these
ornamental patterns, oversimplifies the construction of these motifs and loses

the vision and voice of the early medieval sculptors who designed them.

Allen lauded the efforts undertaken to record the Govan stones using casts and
photography; as mentioned above, all of the images included in Allen’s section
on Govan came from Stirling Maxwell’s publication. Allen firmly believed that
the other sculptured monuments of Scotland should receive the same treatment
because it brought out the carved patterns better than photography of the stone
itself. Without the production of a cast, details could easily be lost in
photographs with any stone discolouration, without proper lighting, or through
the interference of lichen (Allen 1897, 148; Allen 1903). The production of casts
allowed for perfect lighting to be applied in the Annan studio. Unfortunately,
the process of creating casts was far too time consuming for this to be applied to

Allen’s vision to become reality. In echo of his sentiment, it is argued here that
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each monument would benefit from being recorded with three-dimensional
imaging. Without the potentially destructive process of traditional cast-making,
three-dimensional imaging captures the structure of the surface much in the
same way, and the distracting colour of the stone can be removed. The nature
of sculptured stone lends itself well to these imaging techniques and should be

utilised for the benefit of researchers and the general public alike.

The casts of the Govan collection were donated to Glasgow Museums in 1903,
but the vast majority have not survived (Batey 1994, 71). At the start of this
project, it was hoped that casts of some of how missing stones could have been
recorded in 3D to incorporate them into this research. However, after contacting
Sally Foster and Glasgow Museums, it was determined that the seven casts that
remain only correlate to extant monuments (Foster 2015, 90-91). Though many
of the ‘misplaced’ Govan stones might yet be recovered, extant casts for other
missing stones could be recorded in 3D to retrieve as much information as

possible.

It was after the work of Allen and Stirling Maxwell that T.C.F. Brotchie published
The History of Govan. He highlighted the primary sources relating to the earliest
mentions of Govan and collates extant illustrations of Govan, including a
depiction of Doomster Hill (1905, 6-16); however, the colourful language used to
describe the pre-Christian inhabitants reflects an outdated perspective. The
illustrations focus primarily on the sarcophagus, but two photographs of the
hogbacks and recumbent cross-slabs lined up against the churchyard wall by W.
Milne are included; several of the recumbent cross-slabs can be identified as
those that were ‘misplaced’ (1905, 4-5).

While Allen focused on describing the ornamentation at Govan, Radford made
clear connections between features shared by the carved stones at Govan with
other pieces of sculpture to contextualise the collection (Radford 1967a) and
made the first real attempt to identify Govan’s place in the ecclesiastical
landscape of Strathclyde (Radford 1967b). His interpretation of the site
remained undisputed until the next watershed moment for research at Govan:
the 1992 conference initiated by the minister of Govan Old at the time, Tom A

Davidson Kelly. The papers from this conference were collated in the 1994
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volume Govan and its Early Medieval Sculpture, which can now be described as

the fundamental text on Govan.

Today, the type of photography recommended by archaeologists and art
historians for recording sculpted stone is black-and-white with details enhanced
by raking light, produced either by sunlight or artificial light (Gray 1997, 6).
Raking light is lighting which illuminates the surface of the stone at an angle of
somewhere between 5 to 15 degrees, or even less if the carved surface is high-
relief (Gray 1997, 7). Tom E. Gray, who has produced many descriptive
photographs of early medieval sculpted stones in Scotland. Gray’s excellent
photographs provide the basic visual record for the Govan Stones, which were
published in Govan and its Early Medieval Sculpture and are available on
Canmore. While this technique produces a highly detailed record, it is not ideal
for use in photogrammetry, for reasons that will be explained below in the

Methodology chapter.

Each of these different approaches to illustration is still used today; each has its
own benefits and drawbacks. Raking-light photographs highlight the carved
surfaces of the stone in one instantaneous image, although these can vary in
quality and on occasion a cast-shadow will obscure some carved detail. Hand-
drawn illustrations can capture any details the illustrator observes, although
researchers are reliant on the illustrator’s interpretation of the presence or
absence of worn carved sections. Three-dimensional imaging has recently
become more accessible and is useful in understanding the carved surface. In
fact, John Borland has used both laser scanning and raking light as aids in his
recent illustrations of the Govan stones. Three-dimensional imaging comes with
its own benefits and drawbacks, which will be discussed more thoroughly in

Section 5.1.
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4 Three-Dimensional Imaging in Archaeology

Three-dimensional imaging has become embedded in various aspects of
archaeology, whether it is used to record the provenience of features and
artefacts encountered during excavation (Doneus & Neubauer 2005), recording
the condition of fragile artefacts just after they are excavated (Chapman et al.
2013, 21-25) or as a sophisticated curation tool for museums that can provide
access to the artefacts, even when they are not on display (Chapman et al.
2013, 17-21; Mantegna 2015). These techniques are often implemented in
outreach and community engagement projects as well, as data capture for
techniques like photogrammetry and RTI are relatively easy to learn in a short
period of time (Glasgow School of Art 2016; Inchinnan Historical Interest Group
2018; Foster et al. 2018).

Those who study early medieval sculpture have also found that three-
dimensional imaging has many benefits, including the ability to monitor changes
in the surface of the stone (caused by weathering or other destructive factors),
to create two-dimensional images of sculpture for publication without struggling
with lighting conditions, to increase accessibility to the stone, and to allow for
the creation of full replicas of the sculpture without touching the stone (Carty
2005, 373-374; Maxwell 2005, 171-172). The production of replicas could protect
the stones by allowing the stone to be brought inside and placing a
representation of the stone to remain in its original position in the landscape;
this allows the monument’s community to retain its connection to the past while
still protecting the monument (Foster 2005, 7-8). However, consideration must
be given to the distance to which the monument is removed from its original
community, as this has a large effect on whether the replica is assigned a
comparable level of social value or whether it is the source of a great deal of
tension between the community and heritage officials (Jones 2006).Three-
dimensional images also allow the user to experience the sculpture in a way that
allows one to “walk around” the stone (Jeffrey 1998; Jeffrey 2005, 354).
Although two-dimensional drawings can be incredibly accurate, the re-
examination of stones can yield new information, especially areas with worn
surfaces (Borland 2005, 202-203).
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An aim of this project is to lay the groundwork for a digital corpus of early
medieval stones in Scotland with an archive of three-dimensional images, like
the one advocated for in Able Minds and Practised Hands (Higgitt 2005). Some
digital collections of early medieval sculpture have already been created, a
particularly good example being the Ogham in 3D project, which has created
over 150 three-dimensional models of ogham stones from Ireland (Dublin
Institute for Advanced Studies: School of Celtic Studies 2017). As the collection
at Govan was once at the forefront of technology at the turn of the 20t century
and inspired J. Romilly Allen to advocate for the photography of Scotland’s early
Christian sculptured monuments, it is hoped that this project will again set the

standard for the recording of the carved stones in Scotland.

While three-dimensional imaging has many practical benefits for the purposes of
curation, image publication, and public outreach, it is argued here that these
models have the potential to answer research questions that might have been
considered laborious or untenable, or that might have caused damage to the
stone under study, until the present. The following section will discuss how a
variety of digital imaging techniques have been used in archaeological research

and how these might be useful to those who study early medieval sculpture.

4.1 Digital Imaging as a Research Tool

The use of digital imaging techniques as a research tool has recently become
more accessible to the academic community, although some of these techniques
already have a relatively long history within the discipline. The approaches and
technologies adopted vary widely based on the scale and focus of the research;
these different levels of research engagement can be divided into landscape-
level visualisations, site-level visualisations, and object-level visualisations. The
following section will indicate which technological approaches are most
commonly used at each level and provide examples of how each level of
archaeological investigation is utilising these digital techniques for research,
how these techniques have been implemented in the study of early medieval

sculpture in the UK, and what applications will be further explored in this thesis.

Landscape visualisations often use LIDAR data, drone based images and satellite

imagery to create Digital Elevation Models to aid in the identification of sites,
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analyse viewsheds and better understand how past peoples experienced their
landscape (Silver 2016, 26-29). Some types of landscapes are inaccessible to
pedestrian survey, like in the case of Montserrat, where a portion of the island
cannot be easily accessed due to volcanic activity; in these situations, LiDAR can
be instrumental in identifying archaeological features that would otherwise be
difficult to locate during a pedestrian survey due to difficult terrain and dense
understory growth (Opitz et al. 2015, 11). By importing digital elevation models
into GIS software, archaeologists can calculate viewsheds, the visibility of other
features of the surrounding landscape from a given point on the model (Van
Leusen 1993; Eve 2014, 55-69). For a slightly less computational and a more
phenomenological experience of the landscape, Stuart Eve has argued for the
introduction of augmented reality, through which one can digitise features (like
a series of prehistoric houses) and place them in the landscape (Eve 2014, 85-
103). With the increasing availability of declassified military satellite imagery
(CORONA) and other open access sources of satellite imagery, satellite images
have been incredibly useful in identifying previously unknown archaeological
features. With the use of the multispectral imaging, Sarah Parcak and other
researchers have been able to detect a significant number of previously
unidentified sites remotely (Parcak 2009, 147-172). Digital imaging techniques

have clearly contributed a great deal to landscape researchers in archaeology.

On a site-level visualisation, digital imaging techniques have begun to offer a
new perspective on the excavated remains. Some sites have begun to use
photogrammetry as a means of recording each context so that different stages of
an excavation can be recreated digitally (Opitz 2015, 73-76; Opitz et al. 2017).
This can be done through terrestrial laser scanning, drone-based aerial
photogrammetry, terrestrial photogrammetry, or three-dimensional modelling
based off of recorded GPS points; these digital visualisations can aid in better
understanding the three-dimensional relationships between stratigraphic
contexts, the spatial distribution of finds at the site, and reconstructions of
structures or features based on the results of excavation (Poller et al. 2017;
Opitz 2015; Ask 2012). Features uncovered during excavation can be given new
visual meaning through the digital reconstruction of the missing above-ground
components based on the archaeologist’s interpretation (Ask 2012; Poller et al.

2017). While the transition towards incorporating these digital imaging practices
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in the field for most projects has been slow due to the significant expenditure
required to implement these approaches and store the resultant data, its

benefits to the later interpretation of the site are apparent.

Digital imaging techniques used to capture objects will vary depending on the
size and material of the object, but often laser scanning, structured light
scanning, photogrammetry, multispectral photography, and reflectance
transformation imaging (RTI) can be used to address different research
questions. Recently, Structure-from-Motion (SfM) photogrammetry has become
popular for capturing three-dimensional data of artefacts. Research applications
vary depending on the object, but recent studies have addressed the calculation
of the original volume of artefacts that have been damaged or have degraded
over time, like weights meant to be used with scales so that units of
measurement can be identified (Thibaud 2015), or the study of microwear
analysis on flint artefacts (Halbrucker et al. 2017). Patay-Horvath has used both
3D and VR to reinterpret the arrangement of sculpture on the East Pediment in
the Temple of Zeus (2015). Other photography-based approaches, including the
use of filters and multispectral imaging, have been useful in the study of the
manufacture of beads, objects that are typically not suitable for
photogrammetry due to their reflective and often translucent nature (Christie
2019). Overall, the use of different types of digital imaging in artefactual studies

is quickly becoming more common.

While not technically a three-dimensional imaging technique, Polynomial
Texture Mapping, the basis for Reflectance Transformation Imaging, was
developed by Hewlett-Packard Laboratories in 2001. This digital imaging
technique was first presented at the Special Interest Group on Graphics and
Interactive Techniques (SIGGRAPH) Conference demonstrated its applicability in
viewing archaeological artefacts specifically, including a 4000-year-old neo-
Sumerian tablet and a 3000-year-old Egyptian funerary statuette (Malzbender et
al. 2001, 6-7). Since then, RTI’s capability to analyse the surface of an object
has been recognised, and the technique has been used in a variety of projects,
frequently to study surface wear on artefacts and to identify areas of worn
lettering or decoration, frequently on stone (Molina Sanchez 2014; Jones et al.

2015; York Archaeological Trust n.d.). While the manual approach to RTI is often
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only applied to objects or several small sections of a monument (largely due to
the limited control one can have over the lighting of anything larger than this,
and the necessity of a black reflective ball large enough to record the various
lighting positions), some researchers have developed a way to create RTI files
digitally (Eve 2012; Zelinsky 2018). RTI can then be applied to nearly any type of
object for which a three-dimensional model has been created. While not
technically a three-dimensional imaging technique, RTI is a valuable research

tool, especially in the study of worn and carved surfaces.

Since the start of this project, the value of 3D recording and its potential for
research have been recognised (SCARF 2016, 3.3), but there are relatively few
instances where digital imaging approaches have been clearly applied to the
study of early medieval sculpture for the express purpose of research. Tom
Goskar has used three-dimensional imaging to clarify inscriptions and carvings on
monuments of varying date, including the early medieval monument known as
the Ignioc Stone (2018, 180-181). Andy Hickie has recently been experimenting
with RTIl and photogrammetry in the production of different visualisations to
highlight stone carving from different periods and disseminating the results via
the Avoch Community Archaeology Facebook page (2015). Kate Colbert, who at
the time of writing is a PhD student at the University College Cork, has been
using digital imaging techniques to analyse the multiple lives of the early
medieval sculpture of southeast Ireland (2017). Comparisons between several
panels have been made using laser scan data from the ‘Cross of the Scriptures’
from Clonmacnois and the ‘Cross of Durrow’ from the St Columba monastery,
both in Co. Offaly (Daubos & O Créinin 2009; Stalley 2014); this will be
considered in more detail below. The two pieces of sculpture from Neston,
Cheshire, were laser scanned in order to determine whether the pieces could
feasibly fit together or not (White 2013). Laila Kitzler Ahfeldt, whose work will
be discussed in more detail below, is the most prolific researcher using three-
dimensional imaging techniques to study Swedish runestones and their carvers
(1998; 2000; 2001; 2002a; 2002b; 2009c; 2010; 2012a; 2012b; 2013; 2015). It is
argued here that digital imaging techniques have a great deal to offer the study
of early medieval sculpture, especially when attempting to identify individual

sculptors.
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4.2 Pursuing the Identification of Individual Sculptors and
3D Perspectives

In the study of early medieval sculpture, groups of stones with similar
characteristics in terms of their style or decorative motifs are identified as
belonging to the same “school,” or “workshop,” the meaning of which varies
depending on the author. While there is little documentation from the early
medieval period to determine the way in which carvers may or may not have
been organised, there are records for workshops commissioned to complete
high-status tombs of varying materials in London in the fourteenth century
(Badham 2010, 14). It is unlikely that workshops outside of large cities would
have functioned in the same way, so these records have limited value to the
present study. There are also earlier historical references to the work of
sculptural masters and their students as early as the 5t Century B.C. in Greece
(Pausanias 1918, 5. 10. 8), although the attribution of identity of the Master
sculptor at the temple of Zeus of Olympia to Pheidias and his students Paionios
and Alkammenes has been hotly debated in classical art historical circles (Dorig
1987; Holloway 2000; Patay-Horvath & Christiansen 2017, 494). There are
historical documents from a mid-eighth century AD Irish context that establish
that craftspeople were often organised into workshops (O’Meadhra 1987, 99-107;
MacLean 1995, 126-130), and these sources suggest that most of these were
stationary and likely based at monasteries (O Carragain 2014, 6, 12-13).
However, it was not common practice to record the name the masters of these
workshops before the 11th century in these Irish historical documents, and only
the inscriptions from the Kinnitty Cross and the Cross of the Scriptures from
Clonmaconois have identified a specific person, in this case Colman, as the
‘artificer’ (MacLean 1995, 141). With very little historical evidence to suggest
how the early medieval carvers might have been taught and organised, art
historians and archaeologists often rely on a combination of stylistic and
occasionally geological analyses to identify regional similarities, which are then
defined as ‘workshops’. Whether this term is used out of convenience to
describe a stylistic similarity or with the implication that there was an organised
team of carvers, there is clearly a historical precedent for workshops or schools

in the British Isles during the early medieval period.
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On very few occasions does the archaeologist or art historian venture to suggest
that specific portions of a particular early medieval stone sculpture have been
worked on by separate individuals (Lang 1976, 75-6; Lang 1978, 146; Lang 1983,
186-7). In some cases, idiosyncrasies in design in the style of figural sculpture
will be cited as evidence for a single “master”. James Lang and Richard Bailey
have argued that several pieces of sculpture found at Gosforth were likely
carved by a single person, the Gosforth Master. They cite the shared features of
the “chin/beard of the egg-shaped head sink below the line of the shoulders”
found on the front-facing figures on the Gosforth cross, the Saint’s tomb, and
the Fishing Stone (Bailey & Lang 1975, 291-2). Lang and Bailey also point out the
presence of what they term a “fleshy plait” with strands that terminate in a curl
on the same three pieces of sculpture (1975, 292) and a shared theme of
contrasting Scandinavian and Christian iconography. While this analysis did well
to emphasize these similarities, they need not necessarily be classified as the
work of one person. This could also be the result of a team of sculptors, each
working closely on one aspect of the carving; one working on the figures, one
working on the plaits, etcetera. MacLean has identified the potential for such a
hierarchy in the Irish law tracts (1995, 135-138), so it is not outside the realm of

possibility.

Gwenda Adcock has suggested the identification of a master who appears to
have been inspired by St Oswald’s cross in their creation of the Durham grave
cover, two more pieces of sculpture from Durham, one from Hart, one from
Hexham, one from Gainford, and possibly one from Billingham (Adcock 1974,
329). In addition to utilising the six interlace designs and an animal pattern from
St Oswald’s cross in these related pieces, Adcock describes the nature of the
carving of this interlace. She describes the master’s work in terms of the size,
shape and smoothness of the carving technique, and gives some consideration to
the type of tool that appears to have been used (Adcock 1974, 329). This method
of distinguishing carved sections by referring to the overall profile shape is now
used as a supporting characteristic in the distinction of different categories of
sculpture (Cramp 1994, 56), although most do not go so far as to argue that this

similarity in form is indicative of individual sculptors.
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In some cases, three-dimensional data of monuments have been used to argue
for the identification of a single sculptor’s work. Some, like Daubos and O
Croinin, and subsequently Stalley (2014, 141-142), apply a more subjective
approach in identifying a ‘master’s work’; in their article, Daubos and O Créinin
use the 3D data to clarify several panels from two different crosses and argue
that the rare scenes in some of these panels appear to have been executed in
reference to the same pattern book. In this case, the 3D data was primarily used
for a clearer 2D picture, but it is unclear from the article if any more direct
comparison was done. In classical sculpture, a technique called ‘3D Digital Form
Comparison Method’ was developed to determine which of the three Amazon
statues was more likely to have been sculpted by Polykleitos; Pliny states that
Polykleitos had used one model for much of his work, so the 3D shapes of
different anatomical features were compared to identify where the same model
was used (Sengoku-Haga et al. 2015). Because the stones at Govan have
experienced varying stages of wear, it would be more difficult to identify
individual approaches to carving simply through the shape of the carved

sections.

Laila Kitzler Ahfeldt has used a combination of laser scanning and multivariate
statistics to tentatively identify carvers of Swedish runestones based on the
microtopographies of the grooves which form the runes or decoration (Freij
1990; Kitzler 2000; Kitzler Ahfeldt 2002a; 2002b; 2009a; 2010; 2012a; 2013). The
underlying assumption is based in psychological and neurophysiological research
that suggests craftspeople develop their own individual motor performance when
working with their respective materials (Kitzler Ahfeldt 2002b, 8-9). The
technique requires sub-millimetre measurements, which necessitates the
production of a high-resolution three-dimensional model. This approach offers a
more objective and measurable method to attribute certain areas of carving to
different people. This analysis is based on the concept that, while the thematic
content, design, and inscription of a runestone is a conscious manipulation that
can be controlled by those in authority, there is an unintentional component in
the execution of the carving that can lead to the identification of individual
sculptors (Kitzler Ahfeldt 2002b).
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Because most of the runestones in Kitzler Ahfeldt’s studies are outdoors,
samples were taken with casts for small, unweathered segments of carving
ranging in length from 50-150 mm. These casts were then laser scanned to
compare the profiles against each other to determine if individual carvers could
be identified. In order to provide a control group to test the validity of the
analysis, two modern rune carvers, one who worked with assistants and one who
carved alone, donated several specimens of their own work to demonstrate the

variance that can occur in a single carver’s work (Kitzler Ahfeldt 2002b, 27).

The results from Laila Kitzler Ahfeldt’s research indicate that by taking several
variables relating to the cross-section of the groove and the direction in which
the decoration was cut, one can begin to identify individual carvers (2002a;
2002b). However, through this work it was revealed that other factors can cause
variation in an individual sculptor’s work. As the sculptor gains more experience,
as the decoration increases in difficulty, if the stone changes position
(vertical/horizontal), or as the sculptor fatigues, an individual’s cut may deviate
from his or her usual pattern (Kitzler Ahfeldt 2002a; Kitzler Ahfeldt 2002b). It is
also likely that the type of stone used in carving would affect the results (Kitzler
Ahfeldt 2012a).

If this analytical technique can be applied to the Govan stones, it could help to
identify individual sculptors, which in turn could allow for the construction of a
relative chronology of the monuments. This approach could also elucidate
features of individual stones; in the case of Govan 2, the pattern of interlace
changes several times across the bottom of the monument. On this stone, it
appears as though sculptors with different visions or different levels of expertise

were working on opposite ends of the monument.

Kitzler Ahfeldt believes that “runographers are easier to identify as individuals,
but at the same time they are more mobile, whereas artists are more locally
recruited” (Kitzler Ahfeldt 2012a, 96). Because the runestones she and her team
sampled were from a wide-ranging area of Sweden, it is possible that the Govan
stones present a unique opportunity in which a large collection from a single
locality and relatively narrow timeframe can be analysed to identify individual
artists. This project also offers the opportunity to compare results from the

profile analysis between stones which display a variable amount of wear.
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Three-dimensional imaging also has the capability to explore the methods of
design, for instance, whether templates were used (Kitzler Ahfeldt 2002b;
Kitzler Ahfeldt 2009a; Kitzler Ahfeldt 2013). When discussing templates, there is
an important distinction to make between templates and motif pieces. Uaininn
O’Meadhra defines a motif-piece as “a small portable raw piece, or scrap, of any
material...or waste fragment of a disused artefact, with carved or incised,
discrete, positive, patterns comprising art motifs, sporadically positioned over
its surface (1987, 11).” These would have been used to practice or work out
designs for other artefacts, and often seem to have been discarded. This
generalised term includes artefacts such as models and model books, trial
pieces, and sketches. These objects could have many functions; they could act
as a record of a pattern that an artist might wish to transport to another
location, as teaching aids for young craftsmen in training, or as a way for an

artist to practice the intricacies of the decoration.

Templates, on the other hand, are objects which were more formal and could be
used in design work repeatedly. The use of a template would have been a direct
means of transmitting decorative concepts across distance or time. Templates,
in the context of this research, will be defined as 1:1 scale images of a motif
created from a malleable material (like leather or cloth) which will allow for its
use as a stencil to guide the carving of a motif on stone. There is at least one
possible example for a lead template for interlace from Monkwearmouth, though
it may have been a glass and lead ornament instead (Adcock 1974, 39). The
possibility of template-use at Govan has been suggested in the reproduction of
the “deer” motif in several panels of the sarcophagus (Craig 1994b, 79).
Although horsemen appear on four different stones in the collection, it has been
stated that it is unlikely that the horseman motifs were carved using a template
due to their obvious differences; the horse found on the “Sun Stone” (Govan 8)
has even been likened to “a monkey running on its hands (Craig 1994b, 79).”

These possibilities and their implications will be discussed further in Chapter 7.

In her exploration of the Gotland stones, Kitzler Ahfeldt (2009a, 501) argued
that in order to demonstrate that two carvings shared the same template, at the
very least the outline of the figural carving and the points at which the legs and

arms start and cross on the figure should match. However, certain portions of
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the motif may have been altered due to the nature of the stone, weathering, or
human error. Richard N. Bailey (1980, 246-254) has provided evidence for the
use of templates on stone sculpture in Northumbria. He compared rubbings
taken of the two birds from the surface of the Brompton cross-shaft: these
appear to have an almost-identical outline, apart from the feet. He also
compared the two Middleton warriors: these motifs are located on two separate
fragments of sculpture, were equipped with different weapons, but largely
appear to be the same figure, although with a longer torso in one example. He
cites a similar stretching or shortening of a template evident in the comparison
of the stag motifs found at Sockburn and Brompton (Bailey 1980, 243, 247-8;
Lang 2001 Illustration 41). If this altering of a template was widespread practice,
either to fit a motif to the stone surface that might be smaller or larger than the
template itself, the outline might not match at exactly the same points.

However, one might expect the outline to match at least in a piecemeal fashion.

Depending on what sort of material the template was made of, repeated use
could also result in deviations from the original. While some have suggested that
the sharing of a template would indicate that the two monuments were carved
within a generation of each other by either the same travelling sculptor or by a
sculptor from the same workshop (Bailey 1980, 249-253), others insist a pattern
book could remain in use for several generations as long as the book was passed
on through the school or between itinerant sculptors (Kitzler Ahfeldt 2009a,
499). It is also possible for an individual to create a template from the original
stone carving hundreds or thousands of years on, simply by tracing or creating a
rubbing of the figure or motif onto cloth. This clearly creates complications in
the ability of evidence for templates to indicate where a stone belongs in
relation to another chronologically. However, an analysis of template use might
help us better understand different stages of the carving process, which will be

discussed in more detail below.

This discussion also raises the question of why a template would be used for a
seemingly simple motif, as Bailey points out in the case of the Brompton birds
(1980, 246). Most of those who have explored the potential for template use
have suggested that the sculptor might have been less experienced, especially in

Kitzler Ahfeldt’s analysis of the D-stone category of the Gotland picture stones,



Chapter 4: Three-Dimensional Imaging in Archaeology 89

where the mathematical principles were not followed when applying interlace
(Kitzler Ahfeldt 2015, 420). Others have argued that they might have been used
to ensure an exact replica, especially in the case of mirror imaging (Lang 2001,
33). It could be that the use of a template was used as a signature for the school
or sculptor it belonged to, or it could be that the direct comparison between
two panels or pieces of sculpture had significance to the meaning behind the
motif. If the images produced through the use of these templates were similar
enough in final design, it could be that the sculptors were ensuring that this
direct reference would be identified and would allow for easier identification of
the figure with little intervention from knowledgeable persons. The use of
templates might also serve a more practical function in the planning phase of
the sculpture to ensure that the individual components would be ideally situated
in the space allocated. The possibilities for template use and their implications
are explored for the horsemen of the Govan collection and the “beasts” of the

Govan sarcophagus more thoroughly in the Chapter 7.

4.3 Conclusions

Digital imaging techniques, while frequently used only for conservation or
outreach for early medieval sculpture, have the potential to produce highly-
accurate representations of the sculpture and can aid in many facets of
research. This thesis will demonstrate that these digital resources can offer new
insight into misinterpreted carved patterns and worn sections of carving. High-
resolution, scaled, three-dimensional models allow for a variety of metric
analyses that would be too time consuming to be feasible without the assistance
of computers. Laila Kitzler Ahfeldt’s Groove Analysis approach (with some
alterations to better fit the different carving style) will be applied to the Govan
collection to attempt to determine how many carvers worked on each stone.
Scaled sections of the three-dimensional models containing animals or horsemen
will be compared to determine whether these could have been carved with the
aid of templates. By having an idea of how many individuals had a hand in
carving these stones, whether they were organised as a school or workshop (or
not), and how they approached their subject, we can refine the relative
chronology of the stones, better understand the carving process and gain some
insight into the meaning behind these stones. While only one from Inchinnan is

included in this portion of the analysis, it is hoped that this research will be the
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foundation for further studies into how the carvers interacted with other ‘Govan
School’ sites. The next chapter will discuss the benefits and disadvantages of the
various digital imaging techniques that were available to the researcher, why
photogrammetry and Reflectance Transformation Imaging were chosen for this
project, and how these were used in pattern reconstruction, in the search of

template-use, and in Groove Analysis.
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5 Methodology

In the previous chapter, the inclusion of three-dimensional imaging in
archaeological contexts was discussed in general terms. Here, the different
imaging techniques that were considered at the start of the PhD will be
described in detail, contrasting each of their drawbacks and benefits. This will
be followed by the specific workflows utilised by the chosen imaging techniques.
Then, the methodology behind the three analyses utilised in the following
chapters, specifically Pattern Recovery, Template-use identification, and Groove
Analysis, will all be discussed, focusing on each step and the technical details
within the software. The chapter will conclude with information on where the
data produced for this project will be archived and how it will be made

accessible.

5.1 Imaging Techniques

There are now many techniques through which digital heritage researchers can
create three-dimensional models, although many approaches are suited to
imaging objects of different scales and materials. For example, Aerial LIDAR
(Light Detection and Ranging) is restricted to imaging areas at a landscape-scale
(Parcak 2009, 76-78; Bennett 2014), rather than individual stone monuments.
Many digital imaging techniques were suited to image stone monuments, but
were rejected for other reasons; some techniques, like Coordinate Measuring
Machines (Luigi et al. 2001; Jeffrey 2003, 102-104), were excluded due to their
reliance on contact with the surface of the object to create the model. In some
respects, casts are the “original” approach to creating three-dimensional
records of artefacts, but the creation of casts poses a threat to the surface of
early medieval sculpture, which can be fragile (Maxwell 2005, 171; Reinhard
2015, 31-33). Other technically advanced methods are too expensive or not
suited to this sort of material. For instance, the use of computed tomography
(CT) scanning, so successful in revealing the internal structure of an object
(Hughes 2011, 59), would be of little value in the study of solid stone. This study
has considered three types of non-contact three-dimensional recording

techniques: laser scanning, structured light scanning, and photogrammetry.



Chapter 5: Methodology 92

While laser scanning, structured light scanning and photogrammetry capture
data via different means, they share a certain amount of terminology relevant to
the processing and manipulation of data. After capturing the data, each
approach initially calculates and produces a point cloud, which can be defined
as a collection of measured, three-dimensional coordinates positioned in relation
to each other, where each coordinate represents a point on the surface of the
recorded object (Jeffrey 2003, 63-64; Grussenmeyer et al. 2016, 306). Triangular
polygons can then be generated, using these measured points as vertices of each
polygon. These polygons form the three-dimensional representation of the
object’s surface, which is called the mesh (Grussenmeyer et al. 2016, 330). The
density of the point cloud directly affects the quality of the mesh - the higher
the density of points forming the point cloud, the more detailed the mesh will
be. The mesh can be thought of as the ‘topography’ of the object, which may or
may not be visualised using colour depending on the approach used. To make the
rendered image more attractive, a texture can be applied. A texture is
generated from the data captured by each of these techniques and, after the
mesh has been created, this texture can be applied to create a more realistic
appearance for the model (Grussenmeyer et al. 2016, 332). While these basic
steps might be subdivided or combined depending on the technique used to
capture the data (or even the manufacturer of the processing software),
creating the point cloud, building the mesh, and applying the texture underlie

the workflow for all three imaging techniques.

Photogrammetry, structured light scanning, and laser scanning each have
advantages and limitations, which will be assessed in the context of how this
affects the recording of early medieval sculpture. As a part of this project, the
results of these techniques were compared using the software “CloudCompare,”
which was created by Daniel Giradeau-Montaut in 2006 to compare different
point clouds of the same object and identify any variation between them. The
software was developed specifically to compare laser scan datasets of industrial
sites (DGM et al. 2012, 1), but has become indispensable in many industries,
including digital heritage and archaeology, after it was subsequently made freely
available online. The results of this comparison, which is discussed more
thoroughly below, suggest that each technique creates closely comparable

models.
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5.1.1Photogrammetry

The simplest definition of photogrammetry is the “technology to derive
measurements of objects from their images” (Konecny 1985, 922). The
technique is now used in many disciplines, though its origins lie in topographic
mapping and architectural recording. The available narratives of the
development of photogrammetry vary in levels of detail. Historical discussions of
photogrammetry usually begin with the invention of photography by Daguerre
and Niepce in 1839. Within decades, plane table photogrammetry, the process of
utilising photographs and geometric principles to determine spatial relationships
between features, was being used as a surveying technique, although the
photographs needed to be taken from a high elevation (Konecny 1985, 924-925;
Schenk 2005, 7; Foster & Halbstein 2014, 8). The invention of the parallel
stereocomparator by Carl Pulfrich in 1901 revolutionised photogrammetry as a
discipline, as it led to the development and use of stereoplotters, which
automatized the elevation contours and made aerial stereophotogrammetry
more efficient as a mapmaking tool in difficult terrain (Konecny 1985, 926;
Schenk 2005, 8; Foster & Halbstein 2014, 8). The invention of the computer
allowed for the development of analytical photogrammetry, in which the
underlying mathematical principles were refined to improve the accuracy of the
measurements derived from photographs (Schenk 2005, 8; Foster & Halbstein
2014, 9). The advent of digital photography has led to the most recent phase of
photogrammetric development, digital photogrammetry. It is no longer
necessary to develop and print the photographs before scanning them
individually (Foster & Halbstein 2014, 9). The metadata associated with the
photograph (Aperture, Focal Length, ISO, Shutter speed, and others) is generally
embedded in the digital image as EXIF (Exchangeable Image File) data, which
most photogrammetric algorithms now draw on to aid in aligning cameras. As a
result, the photogrammetric process has become almost entirely automated
(AgiSoft PhotoScan Professional 2016; Stylianidis et al. 2016, 289-290).

Photogrammetry has had a long, though sporadic, relationship with
archaeological excavation. In the 1970s, photogrammetry was still too expensive
and technically demanding to be used on most excavations (Conlon 1973, 67). By
the 1980s, photogrammetry had “been used on a number of excavations to

supplement, or largely replace, the time-consuming chore of detailed planning
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in the field (Wilson 1982, 19).” At this point, a three-dimensional image could be
produced with a stereoscope, and measurements and plans could be obtained
after scaling the images (Wilson 1982, 23). In the late 1990s and early 2000s it
was still considered an “unusual recording technique,” (McIntosh 1999, 81)
although its accuracy and usefulness in certain situations was recognised,
especially in the case of recording upstanding architectural details where access
was difficult (Roskams 2001, 129-130).

In these earlier examples, photogrammetry has been used in archaeology
primarily as a surveying and recording tool for excavations and standing
buildings. It was not until relatively recently that digital photogrammetry was
used to create three-dimensional models of artefacts and individual monuments.
Even as recently as 2003, Stuart Jeffrey did not consider close-range digital
photogrammetry to be accurate or accessible enough to create detailed models
of early medieval sculpted stones. At the time, it was necessary for the
researcher to manually pick out points in common between photographs,
although Jeffrey did recognise the technology was likely to swiftly develop in the
future (2003, 132-134). Today, as mentioned above, digital photogrammetry
software has become almost entirely automated; this advanced form of
automated photogrammetry is called Structure-from-Motion (5fM), because the
structure of an object can be recorded by taking photographs from different
locations around the object. SfM is now capable of recognising the camera’s
specifications and constructing the three-dimensional structure of the
monument without the user doing anything apart from selecting the photos.
These developments make SfM photogrammetry one of the most accessible

three-dimensional imaging techniques (Stylianidis et al. 2016, 290).

Many different companies and working groups have put out their own version of
SfM photogrammetry software. AutoDesk had produced 123D Catch, which was
often used by academics because it was accurate and free (Reinhard 2015, 27-
28). However, AutoDesk has since discontinued the software and now offers a
photogrammetry software called Recap, which requires a paid, yearly
subscription (although, at the time of writing, students and educators can obtain
the software for free for three years) (Autodesk 2018). A number of open source

programmes have also been developed, like Meshroom, which was made freely
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available by a group called AliceVision in 2018. However, the data capture for
this thesis began in 2015, and it was decided that the industry standard

photogrammetric software “Agisoft Photoscan” (2016), would be used.

Agisoft Photoscan (which, at the time of writing, has recently rebranded as
‘Agisoft Metashape’; however, the version of the software used throughout the
PhD was Photoscan and shall be referred to as such from this point onward) uses
a proprietary “Structure from Motion” (5fM) algorithm to determine camera
positions from a series of still, overlapping photographs of an object. After
identifying the camera locations, the algorithm can construct a basic point cloud
representing the object’s three-dimensional geometry (Doneus et al. 2011). The
software then refers to the aligned photographs to generate additional points to
create a dense point cloud. Triangular polygons are then created between these
points to form the three-dimensional mesh, the framework for the model. In the
professional version of Agisoft Photoscan, one can scale the model in metres.
The model can be textured to appear more realistic, or it can be left as a plain
model in order to emphasize the structural elements of the object. It can then
be exported into other software in order to analyse the model in greater detail.
When exporting to other software, it is important to compensate for the fact
that models created by Agisoft Photoscan are scaled in metres, while many 3D
software packages automatically scale imported objects to millimetres. While
the equipment needed for this technique is relatively inexpensive, easy to learn,
and flexible in terms of working space, the processing of the data obtained from
these photos requires a great deal of processing power and can take a long time

if high resolution models are required.

In order to create a high-quality, measurable, three-dimensional model with
Agisoft Photoscan, one requires a computer suited to the task (ideally a laptop
that can be taken into the field). The laptop used in this project is a Lenovo
ThinkPad P70 with a P70 Intel Core i7-6820HQ processor, a NVIDIA Quadro
M3000M 4GB graphics card, 32GB of RAM and a 512GB solid state hard-drive.
These exceed the recommended settings offered by Agisoft for the use of
Photoscan. An Educational License of the Professional version of Agisoft
Photoscan costs c. £415. Digital cameras range in cost; the DSLR cameras used in
this project was a Nikon D5300, (cost c. £450) and a Nikon D5500 (cost c. £475).
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A tripod should be used where possible to enable the use of manual settings.
Ideally, the object to be photographed should be illuminated with flat, daylight
balanced light from at least two sources to minimise shadow. Shadow on the
object creates noise which obscures the detail of the monument. Two daylight
balanced LED lamps were used in the process of photographing the stones for

this project.

Unlike structured light scanning and laser scanning, digital photogrammetry is
relatively easy to learn and has been a productive source of community projects,
as has been the case with Roscommon 3D and ACCORD (Archaeology Community
Co-Production of Research Data) projects (Roscommon 3D 2015; Jones et al.
2017; Hale et al. 2017). To ensure that the three-dimensional model is high-
quality, however, a basic understanding of photographic principles is essential.
As a rule, the lower the ISO, the narrower the aperture (and therefore the
higher the F-stop), the less ‘noisy’ and sharper the photograph will be. This
leaves shutter speed as the flexible variable to ensure an even exposure
(Verhoeven 2016, 204-206). A tripod should be used to stabilise the camera for
longer exposure times. Capturing the necessary set of photographs can be
relatively quick, depending on the size of the monument. For the hogback Govan
3, the photography of both the top and bottom of the monument took
approximately one hour to complete. In the case of the Govan sarcophagus, over
three hours was required to capture all four sides and the interior of the

monument.

Agisoft Photoscan’s biggest advantage over the other approaches considered in
this study is that it has the flexibility to incorporate digital images from
different cameras in the creation of a single three-dimensional model. This was
particularly useful in the case of Govan’s hogback monuments, as the DSLR
cameras were too big to fit underneath the monuments. Here, the camera from
a thin mobile phone was used to capture images of the underside of four of the
five of the hogbacks and the back of the ‘Inverted Cross’ (Govan 10). The
camera on a phone can be used as long as the metadata (ISO, focal length,
aperture, and shutter speed) remains attached to the photograph. While in most
cases mobile phone cameras have a lower megapixel (MP) count than point-and-

shoot cameras, the stationary lens of the camera and the thin structure of a
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cellular phone are well-suited to the capture of particularly hard to reach
places. The mobile phone used in this project is a Samsung Galaxy A3 (Model
number SM-A300FU) with an 8MP camera. More on this will be discussed below

when discussing workflow in Section 5.2.

There is also the option to alter the photographs through other software
packages, which can have some research applicability depending on the object
one is photographing (for a discussion on photographic filters and their use in the
study of small finds, see Christie 2019). In this project, the photographs were
white-balanced to create a more accurate depiction of the colour of the
monuments, although a colour card was not used, as discussed below, and the
reflectivity of certain surfaces occasionally caused issues. Digital
photogrammetry has come a long way since the option was rejected for the
Scotland’s Early Medieval Sculpted Stones project (Jeffrey 2003, 100, 133). The
process is reliant on the quality of the photograph used in the creation of the
model, and in 2003, cameras with a 6.3MP sensor were considered top of the
line. In an age where 20MP cameras are becoming the norm, digital
photogrammetry has the potential to create highly detailed models if the

conditions for photography are ideal.

Despite its flexibility in terms of data capture, the photogrammetric technique
does have its drawbacks. Shadows in the photograph obscure minute details from
the software, so professional lighting is required to diminish the amount of noise
registered by the software. When working with a large object, like the
monuments of Govan, with differing amounts of space available around each
monument, consistent levels of lighting are difficult to ensure. While including a
black-and-white scale in the photograph provides a convenient card from which
to white-balance, the models produced by this project are not claimed to be
calibrated for optimum colour constancy. This would require purchasing an
expensive colour card, finding space in many of the photographs for it and
ensuring consistent lighting in those photos (McCamy et al. 1976; Pascale 2017).
This process would take too much time, especially because accurate recording of
the colour of the Govan stones is not the aim of this project and would have
limited research applicability; in addition, the stones themselves likely would

have been plastered or painted during the early medieval period, negating the
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importance of the colour of the stone (Hawkes 2003, 26-28), and their exposure
to the elements in the intervening period has had a significant impact to this

characteristic.

As indicated above, the use of photogrammetry requires a great deal of
computer processing, especially in the case of models which are produced using
several hundred photographs. A computer with a top-of-the-line processor and a
great deal of RAM (random access memory) is required to process large datasets
at high levels of accuracy, although a dataset with less than one hundred
photographs can be handled by some mid-grade laptop computers (For instance,
my personal computer has an Intel® Core™ i5-3210M CPU @ 2.50 GHz and 6GB of
RAM and could handle the processing of Govan 24). The computer obtained for
this project has an Intel® Core™ i7-6820HQ CPU @ 2.70 GHz and 32GB of RAM.
Sufficient overlapping coverage between photographs is essential, and ideally
this is checked in the field. While the initial aligning of photographs can take a
great deal of time, it is vital to ensure that there are no areas of missing data. It
is recommended that the operator align the photographs at the lowest setting in
the field to ensure that full coverage has been achieved. This can make a
difference of hours: in the case of the top part of Govan 3, the initial alighment
of the photographs at the high accuracy setting with no limits set on tie points or
key points took approximately 22 hours for the top and another two hours for
the base of the monument, while the alignment of the same dataset at the
lowest accuracy setting with the auto-filled 400,000 key points and 10,000 tie
points took approximately eight minutes. Some materials are not conducive to
photogrammetry, especially those which are solid black in colour, or have
reflective or transparent properties (Frischer 2014, 138), although advancements
have recently been made on this topic (Christie 2019). In the case of the Govan
stones, even the capture of the darkest of the monuments was feasible,
although some patches, like the patinated ridge of the hogback Govan 2,

required special attention because of its reflective nature.

Photogrammetry generates a large amount of data, all of which must be
archived, including all of the photographs, a record of each photo’s associated
metadata, the file used to create the model and the finished model itself. Some

might argue that as cameras continue to take more detailed photographs, these
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models will quickly become obsolete. While this technology will undoubtedly
progress, the SfM models produced here are highly accurate and will have a long
analytical use-life. The archival details will be provided in more detail at the

end of this chapter.

5.1.2White-Light Scanning

Structured light scanning is a technique which consists of projecting light with a
known pattern onto an object. The scanner recognises this distortion, measures
it, and uses an algorithm to map the geometry of the object (McPherron et al.
2009). This process also produces a detailed point cloud and automatically
creates a mesh. Colour and texture information are also captured, which can be
applied subsequently after the initial data capture. There are several types of
structured light scanning, but the type that available for use in this project
through the Glasgow School of Art: School of Simulation and Visualisation is
referred to as “white-light scanning”. The type of white-light scanner used in
this project is an Artec MHT 3D Scanner, and the data from this capture was

processed using Artec Studio 10.

White-light scanning (WLS) has some benefits over photogrammetry. The
technique does not require any additional lighting, as the light is integral to the
handheld unit. Because the scanner projects a known pattern onto the stone, it
also scales the model automatically (in millimetres). The use of the Artec white-
light scanner has the added benefit of allowing the user to see the results of a
scan after only a few minutes of processing to easily identify any gaps in

coverage during the data capture process.

The use of WLS does have some drawbacks. The use of the Artec MHT is
relatively simple, although for objects as large as the Govan hogbacks it is easier
to complete with two people. When the scanner is no longer in range or cannot
“see” the surface of the object, it will alert the user. In fact, while capturing
the bottom edge of Govan 3, the scanner lost track of the scan as it was
simultaneously imaging what lay beyond the stone, i.e. the floor of the church.
This was a problem with most edges and areas of significant height difference,
as was the case in attempting to record one of the legs of Govan 3’s end-beasts

where it has sustained some damage (currently the southwest corner of the



Chapter 5: Methodology 100

monument). Much like the Nikon D5300 DSLR, the handheld module cannot fit in
some spaces and cannot capture data from the base of the Govan hogbacks.
Finally, during the post-processing, Artec aims to create a “water-tight” model
for ease of 3D printing, which introduces errors through assumption. The hole-
filling function in the software itself does not offer the option to change the
colour of the ‘estimated patch’; this can be construed as an unintentional
deception in terms of accuracy if others wish to reuse the dataset and are

unaware of the holes that were filled.

Another weakness to this approach is that the equipment required is
comparatively expensive. While the Artec MHT 3D Scanner is no longer sold by
Artec, a comparable model called the Artec Eva is sold for €13 700 (c. £11,500)
(Artec Europe 2016). The Eva is thinner than the MHT, but has the same 3D
resolution (up to 0.5 mm) and 3D point accuracy (up to 0.1 mm) and still works
at a similar distance (0.4m - 1.0m) (Freedspace/Thinglab 2016; Artec Europe
2016). The processing requirements for the Artec imaging software are not as
high as that required for Agisoft Photoscan, but the amount of time needed to
register multiple scans is still significant. To capture the data for both Govan 3
and Govan 5 (excluding the base of the monument, due to accessibility issues for
WLS), it took approximately two hours to initially capture and register the data
to ensure that there were no obvious holes. Additional post-processing was
required before the final models could then be viewed and exported using the

bespoke Artec processing software.

In conclusion, while WLS is quicker than SfM photogrammetry in terms of data
capture, the equipment is much more expensive and more limited in its ability
to record obstructed surfaces. A qualitative difference in experience also
became apparent during the project: while using the white light scanner, the
user’s primary concern must be holding the module a consistent distance away
from the object at all times. If the module is held outside of the ideal range, the
scanner beeps incessantly at the user until this is rectified. This becomes the
primary focus for those using the scanner, rather than the monument itself. With
photogrammetry, the process of altering the position of the lighting equipment
to ensure flat lighting leads the user to a better appreciation and understanding

of the carved patterns. If other projects wish to capture the easily accessible
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structural surface of an object, then WLS would be sufficient. But if a researcher
wishes to gain a new understanding of an object, then photogrammetry is the

better option.

5.1.3Laser Scanning

Laser scanning is one of the most well-known three-dimensional imaging
techniques. A ScanStation C-10 Leica laser scanner was used to create point
clouds of two of the hogbacks to compare the results with those generated from
photogrammetry and white light scanning. This laser scanner uses the “time-of-
flight” principle for capturing data. The C-10 Leica is mounted on a tripod and
passes a line of lasers vertically while rotating horizontally. These lasers reflect
from the surface of the object and a sensor in the scanner records how long the
reflected light takes to return to the unit (Jeffrey 2003, 126; San José Alonso et
al. 2011, 378). A used C-10 scanner can cost up to £18,000 through online
retailers, but newer Leica models are available. No additional equipment is
required, but a not-insignificant amount of training is required to understand
how to operate the scanner, where the ideal locations for the scanner would be,
and how to process the laser scan data in external software packages, including
Cyclone to align the individual scans and 3DReshaper to mesh the resultant point
cloud. At a distance of 100 metres on low resolution, the scanner records every
20 centimetres both vertically and horizontally (Leica Geosystems 2012, 101).
Twelve low-resolution scanning positions were used to create comparative point
clouds for two hogbacks, Govan 3 and Govan 5. Using the C-10 Leica laser
scanner, low-resolution scans only take a few minutes to record, individual
medium-resolution scans often take over ten minutes to record, and high-

resolution scans would require approximately thirty minutes to record.

While the point clouds produced by this approach initially appeared to be quite
impressive, the mesh created from this point cloud lacked the detail produced
by photogrammetry and white-light scanning. This “time of flight” technique
with this scanner is better suited to capturing larger objects, especially buildings
or other architectural features. Others have noted that the C-10 produces
accurate scans but is not suited to recording very small details (San José Alonso
et al. 2011, 385). Specialised hand-held laser scanners, like the ModelMaker

MMDx digital laser scanner, would be better suited to capturing smaller details.
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However, the retail cost for this model is c. £18,000 and was not available
through the Glasgow School of Art: School of Simulation and Visualisation at the
time of this project (Nikon 2017). Because the C-10 Leica scanner must be
mounted on a tripod, capturing the underside of the hogbacks was not an option
with this approach. Even if one could afford something similar to the
ModelMaker MMDx digital laser scanner, the handheld unit appears to be of a
similar scale to the Artec MHT unit; it can be extrapolated that this high-
resolution equipment would not be able to capture hidden surfaces either.
Because of its reputation for accuracy, however, the point cloud was still

included in the comparisons between datasets with CloudCompare below.

5.1.4Comparisons with CloudCompare

The point clouds produced by these separate techniques were evaluated via the
freely available software CloudCompare (DGM et al. 2012, 1). The comparison
was made to assess whether SfM photogrammetry (Agisoft Photoscan) can
produce accurate, comparable point clouds as accurate as those created by
white-light and laser scanning. While other projects have clearly demonstrated
its relative accuracy (Olson & Placchetti 2015, 17-18), it was necessary to
demonstrate that this is the case with this type of material and to quantify its
accuracy. CloudCompare identifies the differences between two point clouds
and identifies where the models differ. It determines these disparities by
measuring the Hausdorff distance between clouds, which essentially means that
it determines the distance of a point to its nearest neighbour in the opposing
cloud. The software can also compare three-dimensional meshes, but it does so
by treating the vertices of the mesh as a point cloud (DGM et al. 2012, 1-2).
Point clouds, regardless of which technique produced them, are the most
accurate measurement of a surface because they are directly calculated or
captured by the imaging technique; the triangular polygons generated between
points have no basis in reality, even though they are a very near approximation

of the real surface.

When the 3D models produced by photogrammetry, white-light scanning and
laser scanning for Govan 3 were compared using CloudCompare, it became
apparent that digital photogrammetry was the best option for this project. A

series of Cloud-to-Cloud comparisons were carried out between each of these 3D
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models, with the largest point cloud acting as the reference data in each case.
The combination of twelve low-medium scan stations produced by the terrestrial
laser scanner was not well-suited to the task; this resulted in a point cloud
consisting of approximately 534,440 points for hogback Govan 3. When
comparing the distance between the High accuracy dense point cloud created
through photogrammetry (excluding the underside of the hogback, this consisted
of 9,102,074 vertices/points) to the vertices of the 3D model produced by white-
light scanning (13,589,684 vertices/points), CloudCompare indicated that there
was an average difference of 0.0018m with a standard deviation of 0.002m
(Figure 5.1). Comparisons between the results of the laser scan and the WLS
indicated that there was an average difference of 0.0018m with a standard
deviation of 0.0019m between the two point clouds (Figure 5.2). Finally, the
comparison between the laser scan and the photogrammetry results revealed
that there was an average difference of 0.0017m with a standard deviation of
0.0015m between their point clouds (Figure 5.3). What this comparison
demonstrates is that each of these three methods produce very similar three-
dimensional images of the same stone, with the main deviations evident along
the edge of the 3D model (in green in Figure 5.1 and Figure 5.3). Methods that
are often seen as ‘the most accurate’ 3D data capturing approaches (in this case
referring to laser scanning and WLS) exhibit the same amount of difference
between point clouds as they do when compared to the 3D model produced by

SfM photogrammetry.

Figure 5.1. Photogrammetric and WLS 3D models of Govan 3 compared through
CloudCompare. The main deviations occur near the edge of the 3D model (2-3 mm difference
between points), largely because photogrammetry was able to capture more of the stone
than WLS.
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Figure 5.2. Point cloud of Govan 3 produced by laser scanning compared to that produced by
WLS. A virtually identical result to the previous comparison, there is a 2-3 mm distance
between corresponding points when the two point clouds are compared.
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Figure 5.3. Laser scan point cloud of Govan 3 compared to the SfM photogrammetric point
cloud. Again, a 2-3 mm average distance was found between corresponding points, with most
of the inaccuracy relating to the bottom edge of the monument.

From this comparison, it is apparent that photogrammetry can produce a model
as accurately and with greater flexibility than white-light scanning and
terrestrial laser-scanning. Photogrammetry is one of the most affordable and
accessible three-dimensional imaging techniques without the employ of external
contractors. The SfM photogrammetric process also offers the user a more
intimate understanding of the carved stones than the other digital imaging
approaches explored in this project. For these reasons, it was decided that

photogrammetry would be the technique utilised in this research.
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5.2 Photogrammetry Workflow

The workflow procedure followed for the creation of three-dimensional models
via digital photogrammetry in this project was as follows. To ensure the sharpest
photographs, the DSLR camera was mounted on a tripod, using manual settings,
which are recorded in the metadata. The method of data capture used in this
project deviated slightly from the approach recommended by Agisoft Photoscan.
The guidance provided in the ‘Help’ document indicates that photographs should
be taken perpendicular to the surface that needs to be captured; from the
outset of the project, it was known that Groove Analysis would be applied to
these models and that the carved grooves would need to be as accurate as
possible. From each camera position, three photographs were taken: the
recommended straight-on photograph perpendicular to the stone’s surface, one
with the camera tilted up, and one with the camera tilted down (where
reasonable; the uppermost positions only required angling downwards to include
data from the monument, and the lowest positions only needed to be tilted
upwards). This ensured that the ‘walls’ of the carved grooves were captured as
well as the groove bottoms, providing a more accurate depiction of the

geometry of the grooves.

The above method for data capture pertains to the capture of the accessible
faces of the monuments. In the case of the least accessible surfaces of the
Govan collection, including the bases of four of the hogbacks and the back of
Govan 10, a phone camera was used. Because the hogbacks are conveniently
raised on two plinths on each end, there is approximately 17 centimetres
between the lowest portion of the stone and the floor. While this allows a
minimal amount of visual access for the enthusiastic and spry observer, these
details can only really be captured with a smaller digital camera, or in this case,
a smartphone camera, as discussed above. Due to the restricted amount of
space, issues pertaining to adequate lighting and incorporating photographic
scales become more complicated, and so, in most cases, the phone’s flash was
used. While this resulted in a less accurate colouring of the stone surface, this
method has produced more satisfactory results than attempting to consistently
apply external lighting underneath the hogbacks. In the case of Govan 10, a
cross-shaft, it was known that when the stones were imaged in the early 20t

century, the now-inaccessible face of the stone retained some carving. Luckily
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there is sufficient space between the stone and the wall to enable a smartphone
to image the back (apart from an area where an electrical box impeded access
to the surface - this caused the sizable hole in Govan 10’s dataset). However, to
ensure full coverage of this stone face, it was necessary to use a more
systematic approach than attempting to reach behind the stone with one’s arm
and take the photograph. With the use of a ‘selfie stick’ it was possible to exert
more control over the positioning and stability of the phone behind the stone.
This equipment consists of an adjustable mount for the smartphone, a telescopic
frame that can extend to 1.2m, and a Bluetooth connection to the smartphone
to enable its use as a remote shutter. There are many brands of ‘selfie stick’
available because of their popularity for more conventional uses (like, as the
name suggests, enabling the taking of ‘selfies’), but the model used in this
project is the ‘ReTrak EUSelfieB Bluetooth Selfie Stick’.

The photographs from the DSLR camera were captured in RAW format and white-
balanced in Adobe Photoshop, then exported into JPEG format for use in
processing by Agisoft. The photographs from the smartphone were created in the
JPEG format. As mentioned above, in the cases of some monuments, reflectivity
became an issue, especially in the case of the patinated surfaces of the hogback
Govan 2; reflections in the photograph cause white space where the
photogrammetry software has difficulty finding the surface of the object. In
these cases, photographs of these areas would have to be taken again with

different lighting positions to minimise the effect.

Once the final photographs were added to the workspace in Agisoft, the quality
of the photographs was assessed by the program. If the projected quality of a
photo fell below 0.49, it was likely that the photo was not focused; if this was
found to be the case after visual inspection, the individual photograph was
included in the file, but blocked from contribution to the model, as
recommended by Agisoft Photoscan. Where possible, the mounting brackets
holding the monument to the wall were removed to capture of the full surface.
In Agisoft, photographs retaining the presence of the brackets were masked so
that the brackets were ignored by the software. This will allow the condition of

the stone to be monitored in the future. As these brackets were replaced,
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protective plastazote foam was placed between the brackets and the stone to

prevent direct contact with the monuments.

After adding the photographs to the Agisoft workspace and manually blocking
low-quality images, the ‘Align Photos’ function was then selected and set to
‘High’ accuracy, which produced a sparse point cloud. According to Agisoft
Photoscan’s Help files, setting this to ‘High’ causes the software to search for tie
points at the photos’ original size; setting this lower causes the photos to be
downscaled by factors of 4, reducing the quality of the photos. This can also be
put to ‘Highest’, which enlarges the original photographs by a factor of 4, but
this also increases the processing time exponentially (for the hogback Govan 4,
aligning photographs at ‘High’ took approximately 8 hours; when set to
‘Highest,’ the processing time increases to over 8 days (AgiSoft PhotoScan
Professional 2016)). It was decided that the ‘High’ results were sufficient for the
requirements of this thesis; the Agisoft Photoscan files will be archived along
with the finished models and the JPEG images, so if in the future it is identified

that ‘Highest’ is required, then this can be replicated at this level.

The sparse point cloud often contains a great deal of background information
from the photographs; points that are not relevant to the monument being
imaged were deleted at this stage. Occasionally it is beneficial to use some of
Agisoft Photoscan’s built-in “Gradual Selection” tools to remove “lower-
confidence tie points” (Mallison 2015a). While Agisoft Photoscan’s description of
these tools indicates that these tools target the removal of points based off
common sources of noise (including false matches, points reconstructed from
nearby photos with small baseline, points that are only visible on two photos
located with poor accuracy, and poor localization), the ‘Help’ document does
not indicate what constitutes as a “high” Reprojection Error, Reconstruction
Certainty, Image Count or Projection Accuracy. Undoubtedly Agisoft’s silence on
the matter indicates that these tools can be used to refine their proprietary SfM
algorithm, but this is speculation. Mallison admits that he is not certain to what
level these tools should be set. Most of the initial point clouds produced for this
project resulted in a Reprojection Error scale that ranged from 871 to 0 units,
but it is unclear how this is being measured. But as Mallison demonstrates in

another related blog post (2015b), the use of these tools can in fact increase
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accuracy - the reduction of tie points by 50% in his model results in a reduction
of estimated error of the scale bars by 57% (from an error of 0.000557m to
0.00032m). Whether this is significant enough of an improvement in accuracy or

not is up for debate.

To take Govan 2 as an example, after aligning the photos at ‘High’ accuracy, a
sparse point cloud consisting of around 2.5 million tie points was produced, and
the amount of error measured by the scaling of the model suggested that there
was an error of 0.000004m (or 0.04mm). By selecting Gradual Selection and
setting the Reconstruction Uncertainty to a level of 10, deleting the highlighted
points, choosing the “Optimize cameras” option, setting the Projection Accuracy
to a level of 10, deleting those highlighted points, “Optimizing cameras” again,
setting the Reprojection Error to a level of 1.0 and deleting these points (the
recommended amount of reduction suggested by Mallison), and “Optimizing
cameras” one final time, | was left with a sparse point cloud of only 587,000 tie
points, but with an estimated error of 0.000002m (or 0.02mm). While the
significant loss of points from the sparse point cloud during this stage is initially
alarming, in this case it appears that proceeding to the dense cloud usually
remedies the lack of points. The introduction of this process has significantly

improved the quality of the models of this project.

Following the use of these optimization tools, any additional background points
were deleted, and the dense point cloud for the monument was created. Agisoft
uses the aligned photographs and the estimated camera positions to “calculate
depth information for each camera to be combined into a single dense point
cloud (AgiSoft PhotoScan Professional 2016)”. At this point, points can be
removed based on colour to remove any unwanted background features that the
software has included. This step only succeeds if the background features differ
in colour significantly from the object being recorded; if this is not the case,
these will have to be removed manually. As discussed above in Section 5.1.4,
point clouds are the most accurate representation of a three-dimensional model
metrologically; by calculating a dense point cloud based on the original camera
alignment, there is less space to fill with triangular polygons between the

individual points, resulting in a more detailed mesh.
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After the dense point cloud has been edited, the three-dimensional mesh can be
produced. Polygons are generated between the points produced from the dense
point cloud. Of the options available in the “Build Mesh” dialogue box in Agisoft
Photoscan, each of the models was built with “Arbitrary” selected for the
Surface Type, “Dense Cloud” for the Source data, and with a High face count.
Under the “Advanced” tab, | have decided to leave “Interpolation” enabled,
although there has been some discussion as to how this affects the accuracy of
the three-dimensional model (Stuhec 2017). Some holes were left where image
data could not be captured (see Figure 5.4 below). Decimation was sometimes
necessary if the size of the model was too large to be viewed and manipulated
without significant lag; this tool allows the researcher to choose how many
polygons the model should consist of, simplifying the mesh. Because this
diminishes the quality of the mesh and reduces the usability of the model for
some of the analyses in this project (especially Groove Measure Analysis), this
step was avoided wherever possible. This will be noted in the metadata of the

models where this was necessary.

Once the mesh appears to be satisfactorily representative of the monument, i.e.
does not exhibit areas of missing data, which appears stippled as seen in the
case of the plinths under Govan 3 in Figure 5.4, a texture can be produced. The
texture has little research applicability for this project, as the primary focus is
on the carving itself and this is most easily viewed using only the mesh. The
texture is valuable for display and interpretation, because it adds a realistic
appearance to the model. There is an argument to be made that the inclusion of
a series of realistic elements often gives the viewer a greater appreciation for
the original object (Galeazzi 2018). The texture can be used to track certain
types of changes in the condition of the monument’s surface, like if the
monument has become scratched. To produce the texture, Agisoft Photoscan
refers to the original photographs that were used to create the three-
dimensional model. There are a variety of options available for texturing have
differing results depending on the monument. While the “Mosaic” option often
resulted in the most aesthetically pleasing representation of the monument, the
“Blending” option frequently occluded obvious details, like the carved

inscription from the monument’s reuse. The removal of “Blending” from the
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texturing process requires one to use the optional “Colour Correction” to avoid

the delineations of overlap between each individual photograph.

Figure 5.4. The underside of the model of Govan 3, where areas of low data capture (the
plinth in the left portion of the image) and holes which have been filled (smooth areas along
the edge of the stone) can be identified.

Particularly worn models, like Govan 31, will have two separate models
produced - one which is the result the same photogrammetric process, and a
second enhanced model which has been manipulated or ‘recarved’ to emphasise
potential patterns that have been identified through the reconstructive process
described in Section 5.4.2. These “enhanced” models will be clearly labelled,
because, while they are informed reconstructions of worn monuments, they are
not true records (Denard 2012; Jones et al. 2017, 17). They are particularly
valuable for informing the art historical interpretation of the stone and for

public presentation.

5.3 Completeness of the 3D records of the Govan stones

When discussing three-dimensional models of sculpted stones, some would argue
that a “complete” model of each side of these stones is not absolutely
necessary. For the research undertaken in this project, this may be true, and in

most cases the focus will be on the exposed, carved faces of the monument.
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However, in order for these models to be useful to future researchers, it is
argued here that having the complete picture could help inspire and address
future research questions, especially those pertaining to the quarrying of the
stone (How much attention did the sculptor pay to the back or underside of the
monument? Is it roughly hewn, and what can this tell us about quarrying
practices? Why are the bases of three of the Govan hogbacks concave to
differing degrees?), the overall shape of the monuments (Was one end left
thicker than the other?), and how they would have appeared when originally
placed in the landscape (Did they lie flat on the ground? Would one end have sat
higher than the other? How does this compare to the other stones in the
collection?). Unfortunately, the vast majority of the Govan recumbent cross-
slabs are mounted to the church wall in such a way that a complete, watertight
model is not possible without removing the stones from the wall. However, in
the case of those that are more accessible, i.e. the sarcophagus, cross-shafts
and hogbacks, nearly complete models can be achieved. The three-dimensional
datasets produced for the purposes of this research will be designed to be
accessible and reusable, even after the completion of the initial project. If, in
the future, the stones are moved for curatorial reasons or for redisplay, these
areas which were previously obstructed can be recorded and combined with this

dataset to produce complete models with little additional effort.

5.4 Reflectance Transformation Imaging (RTI)

Although not a three-dimensional imaging technique, Reflectance
Transformation Imaging (RTI) is a digital imaging technique that was
indispensable in the analysis and reconstruction of worn monuments in the
Govan collection. RTI is an overarching approach that has grown from and
includes a process known as Polynomial Texture Mapping, which was originally
developed by HP Laboratories (Malzbender et al. 2001; Earl et al. 2010, 2040). In
contrast to SfM photogrammetry, the numerous photographs required for RTI are
taken with a camera from one position while the light source is moved. By
including a static, reflective ball in all the images, the RTIBuilder software can
identify the varying positions of the light source and combine all of the images
of the object into a single file. Essentially, Polynomial Texture Mapping
compares how the light reacts which each individual pixel in each of the images

(Gabov & Bevan 2011, 4). In the combined file, the light source can be
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manipulated to artificially highlight or shadow certain sections of the surface,
revealing worn details (Earl et al. 2010; Molina Sanchez 2014). This technique is
particularly valuable for the Govan collection because of the high level of wear
on stones such as Govan 31 and 36, because RTI provides an image where one
can create raking light across the monument in a controlled manner to reveal

subtle variations in the elevation of the stone surface.

There are a number of different rendering modes available for use in RTIViewer
version 1.1.0, but only three of these have been particularly useful in the
analysis of early medieval carved stones: Default, Diffuse Gain, and Specular
Enhancement. In the Default setting, the interactable file appears much the
same as the original images. Diffuse Gain is a ‘transformation that exaggerates
the diffuse reflectance properties by a gain factor...keeping the surface normal
estimate constant (Malzbender et al. 2001, 7)’, while Specular Enhancement
‘uses the surface normal and a specular shading method to make the object
recorded artificially shiny (Earl et al. 2010, 2042-2043).’ By experimenting with
the lighting positions and settings for each of these rendering options, close

inspection of the damaged and worn patterns in the Govan collection was

possible, enabling the reconstruction of some of the degraded ornament (Figure
5.5).

Figure 5.5. Side-by-side comparison of the different RTIViewer rendering modes used most
often in this PhD, here on the base of Govan 21: (left to right) Default, Diffuse Gain, and
Specular Enhancement.
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5.4.1Digital Reconstructions

Reconstruction is a well-established practice in experimental archaeology. By
creating a replica of the object, researchers gain insight into how the original
creator would have had to interact with materials to create the end product.
While physical scaled models of sites and their interpretations have been
employed in research and museum displays for much longer, the increased
accessibility of three-dimensional modelling software since the 1990s has led
archaeologists to create digital reconstructions to address a variety of different
research questions. Some examples include: both virtual and physical scaled
reconstructions based on the excavated features of an Iron Age house at the site
of Slaebaek Sydest in Denmark, which was done to determine roof pitch and
length and to better understand the house-building process (Larsen 2016);
virtual reconstructions of several hypothetical reimaginings of the above-ground
structures of a Neolithic ritual monument found on Jutland, Denmark, based on
the excavated features for both research purposes and for dissemination to the
public (Ask 2012); or the modelling of the Chetro Ketl great kiva in Chaco
Canyon to determine how much timber would have been required to build a roof
(Kantner 2000, 52). In each of these cases, the 2D plans of the excavated
remains were the base for these virtual 3D models, upon which 3D polygons were

drawn and shaped into the archaeologists’ interpretation of the site.

Digital reconstructions of early medieval sculpture in Great Britain have also
been created, although for different research purposes. In one case, fragments
of cross from the site of Neston, Cheshire, were laser scanned so that the pieces
could easily be rotated to test whether from the same site could have feasibly
been a part of the same cross. Although it was eventually determined that in the
case of the cross fragments were not part of the same monument, the fragments
were used as the starting point to create a hypothetical resin replica cross, using
elements from both. This reconstruction then became the focus of a community
display at the Grosvenor Museum Chester (White 2013, 33). Although this
reconstruction was empirically inaccurate, it did provide sense of the form a

similar monument might have taken.

Three-dimensional models have also been used to visualise how early medieval

monuments may have looked with colour. As mentioned above, it is currently
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thought that early medieval sculpture would have looked quite different from
the way they are presented today, as they would have had plaster or paint
applied (Hawkes 2003, 26-28). Three-dimensional models provide a blank canvas
on which this concept can be applied as was done for Constantine’s Cross and
the Forteviot Arch in the ‘Cradle of Scotland’ exhibition, which was held at the
Hunterian Museum in Glasgow from the 3 September 2015 - 3 January 2016 and
Perth Museum and Art Gallery from 2 February 2016 - 26 June 2016. These have
since been made available on a website as a part of the Cradle of Scotland’s
virtual exhibition (University of Glasgow 2017a; University of Glasgow 2017b).
The colours chosen for the reconstructions were informed primarily by the
colours used in metalwork from the same region during this time, though in the
future X-ray fluorescence (XRF) might help better inform these reconstructions
by identifying the pigments that were used, as has been done recently for the

Antonine wall distance slabs (Campbell 2018).

In each of these instances, the purpose of these digital reconstructions of early
medieval sculpture is to help visualise a more ‘complete’ interpretation of the
monuments themselves. In the case of the worn and damaged Govan stones, RTI
and 3D imaging were integral to developing a more thorough understanding of

the patterns in their ornamentation through the methods described below.

5.4.2Recovering Heavily Worn Surfaces

Many of the Govan stones have been severely worn, but even the most worn
stones retain traces of the original carving, and often appear as isolated pits on
a smooth surface. Carving can be considered what the STONE project, led by the
Edinburgh College of Art, has referred to as a ‘reductive’ (STONE project 2007)
or ‘“subtractive” mode of thinking’ (Harvey 2011, 15). The basic definition of
this process given by the project on their website is that “meaning is created by
stripping something away, or where a new form takes shape by means of
removal” (STONE project 2007). While the primary purpose of the STONE project
was to identify, document and preserve traditional stone carving techniques
from around the world for future generations, this ‘reductive’ thinking is a
useful concept to apply to the analysis of worn carving. This is a concept more
thoroughly explored by Cynthia Thickpenny in her doctoral thesis (2019). She

emphasizes that early medieval sculptors would have been interacting with the
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negative space of the design, the carved pits and grooves of a sculpted stone, to
create the positive space, the stone surfaces elevated by creation of these
grooves. This unaltered positive space then forms what the viewer perceives as

the ornament.

This distinction between positive space and negative space is important. When a
stone has been worn by external forces, either by human intervention or natural
processes, portions of the carved area may still remain. These remnants are
often the deepest part of the negative space, which were not necessarily the
portion on which the sculptors intended the viewers to focus. Because of this, it
is often quite difficult to interpret worn decoration on early medieval stones.
Many of the stones in the Govan collection have been significantly worn, but
some panels can be at least partially reconstructed, as will be discussed here

and applied in Chapter 6.

The use of Reflectance Transformation Imaging has revealed that, by
manipulating the light source and using different rendering options provided by
the RTIViewer software, one can often find carved negative details sufficiently
to allow the recovery of the original unworn pattern. In situations where RTI
does not offer enough context to connect the dots, it is possible to create a
“worn comparative collection” from the three-dimensional models of the better-
preserved stones at Govan. By comparing the old remnants of decoration to the
newly worn known patterns, it is possible to identify which motif was once
carved into the worn stone’s surface. By recovering these patterns, it is possible
to gain a more complete understanding of the art historical context of the
collection (For examples, see case studies in Chapter 6 and how this can offer

new insights in Chapter 8).

As outlined above, it is possible to identify the remnants of decoration by
changing the positioning of the light in the RTI file and switching between the
different rendering modes as described above in Section 5.4. These small,
recognisable details are highlighted on a still image of the stone in Adobe
Photoshop; one can then begin identifying the worn pattern of this sculpted
section. Once the definitive attributes of the carving have been identified, one
with a detailed familiarity with the interlace types of the Govan school can

begin to identify more subtle changes in the shadows and features that are
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highlighted by RTI. Through this process, one can slowly build a picture of how
the stone might have looked. In some cases, the RTI has even proven sufficient
to recover the entire decorative motif (See Table 6.1 for quantification of

techniques required to recover worn patterns).

Some examples of the subtleties mentioned above can be best illustrated in the
images below (Figure 5.6). The recognisable details clearly identifiable from the
RTI are highlighted in green. Along the left edge of the panel of interlace,
triangular shaped pits represent the space where two strands turned from the
edge and crossed either over or under each other. Similar triangular spaces can
be identified along the right edge of the panel, which has been nearly effaced
towards the top of the panel, but these distinctive features can be more clearly
identified towards the bottom right of the panel. The identification of these
triangular traces indicates where the panel would have ended and, if this cross-
slab can be presumed to adhere to the layout shared by the others in the
collection, where the exterior outline of the pecked cross would have begun.
The interior strands of interlace are formed by the carving of sub-rectangular
shapes that narrow at one end, sometimes so much that they appear triangular.
The shapes of these negative spaces indicate where one strand will travel above
or under another. After the mode of carving is understood, most of the motif can
be recovered, although the corners of panels and areas where two panels of
interlace are joined together are often more difficult to predict due to the

creativity of the original carvers.
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Figure 5.6. (Left) RTI snapshot of the interlace panel of Govan 31; (middle) Green
highlighting the positively identified carved sections; and (Right) The 5-cord plait (with an
additional strand) recovered.

Once a two-dimensional map of the recovered pattern is created, it is useful to
take the three-dimensional model of the stone produced in Agisoft Photoscan
and apply the changes tracked in the RTI image by using the Standard carving
tool in Zsub mode in the Zbrush software (Alon & Rimokh 2015), so that a 3D
model of the hypothetical reconstruction is produced (there are a number of
software packages available that have these capabilities, but Adobe Photoshop
and Zbrush are the industry standards).This is essential as it ‘tests’ the 2D
interpretation in a 3D space. Due to the overall nature of the decoration of the
Govan stones, which is less than symmetrical in almost all cases, this method is
well-informed but could still be considered hypothetical interpretations. These
reconstructed sections of ornamentation can be compared to that which is found
on better preserved stones within the Govan School to gain a better
understanding of how these stones might have related to each other in an art

historical sense.
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In cases where very little of the carved surface remains, it is possible to
compare known patterns of decoration found within the collection to these worn
patterns. A technique developed here exploits the ability to duplicate and
manipulate the three-dimensional model. It is possible to digitally wear away
the models of well-preserved stones to the point where only the deepest carving
remains as isolated pits. This digital erosion is applied using the “Trim Dynamic”
function in the software Zbrush. This leaves the deepest of the chisel marks
intact, which are sufficiently distinctive to compare to the carved remnants on

the actual worn monument (Kasten In press a).

By creating these worn versions of well-preserved patterns which are prevalent
in the Govan collection, they can be used as a simulated comparative collection
to allow for the identification of similarities between the remnants of the known
worn patterns and the deepest points of carving on a worn stone. The shapes
and relative arrangement of these points can then be compared after they are
highlighted, as shown in the digitally eroded patterns from Govan 7 below
(Figure 5.7). For example, of the four patterns provided below, key pattern is
the most distinctive and is composed of triangular and perpendicular straight-
line remnants. If different sculptors carved the same pattern on a different
stone, these depths for different parts of the motif might vary, but certain
portions of the carving, like crossing points in interlace, appear to be deeper

than other features consistently.
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Figure 5.7. Digitally worn examples from the Jordanhill Cross (Govan 7) with identifiable
patterns highlighted in colour; (left) Free-ring interlace; (centre left) Key Pattern; (centre
right) Plait; (right) Inward-facing Stafford knots.

These reconstructions are particularly valuable for their potential to shed new

light on the recumbent cross-slabs. As summarised in Section 3.4 and discussed
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in Section 8.1, the most recent attempt to order these monuments by Rosemary
Cramp (1994) excludes several of the worn stones. By recovering the patterns
from these worn stones, these monuments can once again be brought into the
discussion, allowing for a fuller analysis. The illustrations of the reconstructions
will be as true to the physical remnants as possible; the textual description of
these patterns will aim to reflect any ‘errors’ or ‘complications’ as possible in a
move away from the ‘idealised’ descriptions used in the ECMS or in the A-S
corpus. In this way, the reconstructions will aim to contain the spirit and voice

of the early medieval sculptors who created them (Fisher 2011, 120).

5.5 Workflow of Analysing Potential Template Use

Due to the similarity of figures and designs on stones in the Govan collection and
throughout the Govan school, it has been suggested that templates were used to
replicate them. While the creation of rubbings of the carved figures in question
was the most common method of determining whether templates were used,
scaled three-dimensional models of the figures can be compared instead (Kitzler
Ahfeldt 2009a) and have the added benefit of avoiding contact with the stone
surface. While there are undoubtedly many ways to compare segments of
different three-dimensional models, the freely available Meshlab software is the
most conducive to this process (Cignoni et al. 2008). If the 3D models have been
previously scaled, they will remain at that scale when imported into Meshlab.
Each 3D model also remains a separate entity and each can be manipulated
individually. While the Meshlab software is not initially intuitive, it is powerful

software that is incredibly useful in this type of comparison.

To determine whether or not templates were likely used, it is first necessary to
scale the photogrammetric models. This will require the Agisoft Photoscan
Professional version, as the Standard version does not allow for scaling. The
‘chunk’ (the term Agisoft uses for an individual workspace within the file)
containing the model in Agisoft is duplicated; the sculpted figure in question is
isolated by deleting the rest of the model. Each of these segments is then
exported into a .ply file format, which seems to be most compatible with
Meshlab (Cignoni et al. 2008). All of these are then individually imported into
the same Meshlab project; the different 3D models retain their measurements,

and so are “life-sized” in relation to each other, as if they had been shorn from
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their sculpture and placed side by side. The sections then need to be rotated
until they all lie on the same plane; while time-consuming, this keeps the
perspective and depth of the different models as similar as possible (Figure 5.8;
Figure 5.9). It is beneficial to apply the “Radiance Scaling” render so that the
distracting colour of the stone is removed and the carved surface is clearly
visible (Vergne et al. 2010).
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Figure 5.8. All four Govan Horsemen aligned in the same Meshlab project, maintaining scale.
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Figure 5.9. Top view of all four Govan Horsemen meshes aligned to keep depth and
perspective as similar as possible.

Unfortunately, comparing the figures within the Meshlab project itself is not

feasible; it is not possible to alter the transparency of a model within Meshlab,



Chapter 5: Methodology 121

so one cannot float one image over the other to search for similarities. It is also
impractical to use CloudCompare to compare the different pieces of sculpture,
because CloudCompare can only really compare two separate point clouds or
meshes of the same object; initial alignment could not be achieved between the
different horsemen. This software would be unable to pick up on creative
alterations that the artist might have made to the basic templated figure

because the software searches for exact correlation.

Because of the above complications, it was simplest to take the sculpture out of
the third-dimension and back into the second. A screenshot was taken of the
scaled, compared figures, side by side, on the same plane, and brought into
Adobe Photoshop. Outlines of each of the compared figures were made in the
program on separate layers in different colours (Figure 5.10). These outlines
were then manipulated to overlap with the other figures to determine if they
shared any characteristics in common. Adobe Photoshop was particularly useful
in the comparison of the sarcophagus “beasts” because of the software’s ability
to flip and rotate layers individually. However, it is important to refer to the
three-dimensional mesh during the process of creating the outlines as not all of

the intricacies are fully captured by a single, two-dimensional image.
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Figure 5.10. The Four Govan Horsemen (to scale) outlined in Adobe Photoshop for
comparison.
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Laila Kitzler Ahfeldt suggested that the use of templates could be identified if
the outline of the figure and the points at which the image’s limbs started and
crossed matched (Kitzler Ahfeldt 2009a, 501). However, this may be too
restrictive, as templates could have been used partially or flexibly. For instance,
some early medieval sculptors could have adapted elements of a template and
incorporated them into their own design. Indeed, certain situations would have
required the template to be incorporated in a more creative way, especially if
the template did not fit within the available space. It is also important to
emphasize that the act of carving is a reductive process (Thickpenny, pers
comm), so if the templates were applied early in the process, the sculptors

could have removed additional material to alter the final figures.

Taking these considerations into account, in this analysis, instead of comparing
the figures as a whole, the outlines of individual limbs were compared. Attention
was focused on the Govan horsemen and the beasts represented on the
sarcophagus. In some instances it appeared that the figures might have been
composed of different templated sub-sections, much like Richard Bailey has
demonstrated in the case of the cross-heads at Durham (Bailey 1996, 114-115);
though he argues that this is evidence supportive of the concept of ‘schools’, he
does not postulate whether this would be representative of a single artist’s work
or not. In some areas around the figures, there are small troughs visible that
appear to have been created by a punctate tool putting the finishing touches
along the edge of the relief. In some cases, like the front foot of the top-left
beast on Panel B of the back of the sarcophagus, this might indicate a deviation
from the initial design (Figure 5.11). These ‘troughs’ are given a separate outline
based on the possibility that these might have overwritten or occluded earlier
stages of carving. In certain areas, there are portions of relief that are at a
stepped, middling depth. These are also included in the outlines, as they might
reflect adaptations to the template made by the sculptor. In some template
studies it is assumed that the use of a template would indicate the work of a
sculptor who has not mastered the construction of interlace without an aid
(Kitzler Ahfeldt 2009a, 502-503). However, at Govan it seems more likely that
templates were used in the planning stages of carving to ensure that figures fit

the available space. Also, it is possible that certain templates were used to
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ensure the appearance of symmetry, the potential significance of which is

discussed further below in Section 10.4.

Figure 5.11. Screenshots showing where the front hoof of the top-left beast is thinner and
more deeply carved than most sharing the panel.

5.6 Groove Analysis

One of the great benefits of high precision three-dimensional models is that they
allow for fine-grained analysis of carving techniques. Laila Kitzler Ahfeldt has
shown that detailed analysis of the carved surface can reveal the carving
technique of different individuals on runestones. This analysis relies on
neurophysiological and psychological research that indicates that craftspeople
develop their own consistent motor performance when they gain experience in
their craft. While decorative motifs and runic inscriptions can be imitated by
other members in a workshop, their carving signature is non-intentional and not
easily replicable (Kitzler Ahfeldt 2002b, 8). Kitzler Ahfeldt was able to discern
between individual carving signatures by taking a multitude of measurements
from three-dimensional models of carved stones and calculating ten variables for
each groove sample; these were then subjected to a battery of statistical tests,
which identified which samples were most similar and likely to have been carved
by the same person. Because this is a method that has not been employed on
insular sculpture before, it is necessary to describe each variable used in this
analysis and how it is measured and calculated. The process involves specialised

software, DeskArtes, paired with a specific plugin called ‘Groove Measure’ which
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was developed for Kitzler Ahfeldt. The differences between the Swedish rune-
stones Laila sampled and the Govan stones and how these differences affected
my methodological approach will be considered. The statistical analyses utilised
by Kitzler Ahfeldt in her various implementations of this approach and their
conclusions will be summarised below, but these will be considered in more
detail in Chapter 9.

5.6.1Groove Analysis Variables

There are ten variables which are central to Kitzler Ahfeldt’s work, nine of
which were initially utilised by her former supervisor, Henry Freij (Kitzler
Ahfeldt 2002b, 9), though these have since been refined by Kitzler Ahfeldt.
These variables can be broken up into two groups: those that represent the
cross-section of the groove (AvgX, AvgY, AvgZ, v, and D), and those that refer to
the cutting rhythm (w, k, mindiff, plusdiff, and meddiff (Kitzler Ahfeldt 2002b,
28-33)). The measurements relating to the cross-section of the groove define the
average shape of the sampled groove. Variables “AvgX”, “AvgY” and “AvgZ”
relate to the average depths of the groove below the uncarved surface of the
stone five, three, and one units respectively from the base of the groove (See
Figure 5.12). These are measured on either side of the base of the groove, and
the two corresponding measurements are averaged together (for example, AvgX
= (x1+x2)/2).
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depth [mm]

Distance from the groove base [mm]

Figure 5.12. Diagram of Govan 14 sample 8 Groove Profile with labelled measurements
required to calculate variables AvgX, AvgY, and AvgZ, adapted from Laila Kitzler Ahfeldt
(2002, 8a).

The variable “v” is the angle formed by the groove itself; this is calculated by
finding the measure of the exterior angles on either side of the average groove
profile on either side of the base of the groove (for example, angle a in Figure
5.13, then flipping and repeating the process on the other side) and subtracting
these from 180 degrees, the angle measure of a straight line. By finding the
angle of the groove in this way, this avoids assuming symmetry in the profile of
the groove. This measurement is taken from the mid-section to avoid the effects
of erosion along the top edge of the groove and to account for the loss of a sharp

edge on the carving tool in the base of the groove.
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depth [mm]

Distance from the groove base [mm]

Figure 5.13. Diagram of Govan 14 sample 8 Groove Profile, demonstrating how Groove Angle
variable v is calculated.

The variable “D” represents the “hypothetical groove depth”, which is described
as “the depth achieved if the groove-angle flanks are projected until they meet
(Kitzler Ahfeldt 2002b, 31).” This variable is considered to be the depth a groove
would reach if the tools used were ‘perfectly’ sharpened, which would
presumably take a “V” shape instead of a “U” shape (Kitzler Ahfeldt 2002b, 31-
33). Kitzler Ahfeldt noted that this variable can be particularly useful in
identifying different sculptors on the same stone. She stated that Freij, in his
unpublished manuscript, had found that Viking-Age carvers sought to create
grooves with consistent widths and were less concerned about similar depths
(Freij 1996; Kitzler 2000, 87). Because it takes less effort for a professional
carver, who has presumably become accustomed to the repetitive motions
involved with their craft, to remove more stone to create deeper grooves than
an inexperienced sculptor, Laila often attributes deeper cuts in the sample to a
professional (Kitzler Ahfeldt 2002b, 32-33). To calculate variable “D”, the
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segments of the average groove profile used in the calculation of “v” are

extended; the depth of the point at which they intersect is “D” (Figure 5.14).

depth [mm]

D=-7.29mm

Distance from the groove base [mm]

Figure 5.14. Diagram of Govan 14 sample 8 Groove Profile, demonstrating how variable D is
calculated (adapted from Kitzler Ahfeldt (2002b, 8a).

The variables relating to the cutting rhythm are drawn from the measured base
of the groove and its “continuous mean value”; the calculations for each of
these are visualised in Figure 5.15 below. By using the continuous mean, one can
identify the deepest pits from each individual hit despite the fluctuating surface
of the stone (Kitzler Ahfeldt 2002b, 30). The variable “w” represents the hit
interval, or the length of the wavelength of one entire cycle from when the
bottom of the groove drops below the continuous mean, rises above the mean,
and ends just before the base declines below the ‘continuous mean’ again to
begin another cycle (Kitzler 1998, 92-94). In plain terms, this measures the
average length of the wavelength of a single peck from the carver, including the
indentation that the chisel makes, and the space or ‘hump’ that is left before
the carver made the next peck. The variables “mindiff” and “plusdiff” break this

wavelength into two segments and measure how much of the base of the groove
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drops below and rises above the “continuous mean value,” respectively (Kitzler
1998, 92-93). Mindiff, then, represents the length of w that is formed by the
peck itself - the length of the surface that falls below the continuous mean
value. Plusdiff measures the length of the ‘hump’ or the space that was left
before the carver created another peck, ie. before the groove falls below the
continuous mean again. While these variables are measured in mm, he variable
“K” is a ratio. It represents the “cutting rhythm,” which is calculated by dividing
the “plusdiff” by “w”. This demonstrates how close together or far apart the
pecks are from each other; if the carved indentations are consistently close
together, then k will fall below 0.5 because plusdiff (the surface above the
continuous mean value) is small. If there is a significant amount of space left
between pecks, and plusdiff is larger than mindiff, then k will rise above 0.5.
Laila refers to this as a “symmetry factor” which is thought to be a “part of
motor performance that is unobservable to the unaided eye,” and so can help
when comparing differences in the hit interval (Kitzler Ahfeldt 2001, 137).
Finally, the variable “meddiff” represents the average of the measured
differences above and below the continuous mean value; essentially, this

quantifies how even or ‘bumpy’ the base of the groove is.

meddiff=(c1+c2)/2

Depth [mm]

k=plusdiff/w

Length along the groove base [mm]

Figure 5.15. Adapted from Figure 2 in Kitzler 2000, 87; demonstrates how each of the ‘hit
interval’ variables are calculated from the measurements taken from the base of each
groove sample (sample 5 from Inchinnan 1 pictured).
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5.6.2DeskArtes Design Expert: Groove Measure Tool

Specialised software was required to obtain the measurements required for
calculating these variables in a consistent way. Kitzler Ahfeldt worked together
with a software designer to create a Groove Measure tool for use with DeskArtes
Design Expert (Makela 2007; Kitzler Ahfeldt 2009c, 90). The tool was designed to
automate the data recalculations initially described by Kitzler Ahfeldt’s
supervisor, Freij (1996) (an unpublished manuscript cited in (Kitzler 2000, 86)).
These recalculations will be described in more detail as they become relevant to
the process. In addition to step-by-step tutorials in the use of the Groove
Measure tool, Laila Kitzler Ahfeldt generously provided an Excel spreadsheet to
support this research. This spreadsheet, once supplied with the output from the
Groove Measure tool, automatically graphs the average groove cross-section and
longitudinal view of the base of the groove. The tutorial provided by Kitzler
Ahfeldt will be referred to as “Groove Measure Tutorial” (Kitzler Ahfeldt 2017a)
and the spreadsheet will be referred to as “Groove Analysis spreadsheet”
(Kitzler Ahfeldt 2017b).

In order to use this Groove Measure tool in DeskArtes Design Expert, one must
first have the three-dimensional model in an STL (STereoLithography) format
(the surface of the three-dimensional model is pink in Figure 5.16), as this is the
only format that the software will accept. Luckily, most software packages used
to create three-dimensional models will have an export option matching this file
format (as Agisoft Photoscan does). After ensuring that the model is scaled to
millimetres, one must align the plane of the groove to the Z axis. One then
draws a curve in what appears to be the deepest part of the groove (the central,
light blue line in Figure 5.16). The Groove Measure tool can then be activated
(Kitzler Ahfeldt 2017a, 1-3).

At this point, one must choose the sampling intervals for their analysis, the
parameters of which must remain the same for each sample for each stone that
is to be compared. In this project, it suited the Govan collection for the cross-
sections to be made every Tmm longitudinally along the groove (each of the
cross-sections are visible in white in Figure 5.16 below), for fifteen samples to
be taken from each cross-section, and for each of these fifteen samples to be

1.5mm apart. This resulted in cross-sections which are 21mm wide, spaced every
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1mm along the groove (Kitzler Ahfeldt 2017a, 4-5). These groove samples vary in
length; when taking samples, in the case of Govan, the aim was to include the
longest sample possible but to avoid visibly worn areas and junctions where
multiple grooves intersected. These junctions are usually much deeper than the
rest of the groove, so the incorporation of these sections of the groove resulted
in larger standard deviations when measuring the deepest portions of the

groove.

o 681

il Ol
S|

Figure 5.16. Example of Groove Sample in Deskartes software from Govan 14, with groove
junctions being avoided on either end.

The software calculates the measurements and exports them into a comma-
delineated text file that can be opened by most spreadsheet-based software
packages, like Microsoft Excel. Behind the scenes, the software ‘straightens’ the
groove (Kitzler 2000, 86; Kitzler Ahfeldt 2012a, 69); this results in a fifteen-
column-wide spreadsheet of measurements for each cross-section with the
deepest measurements aligned in the centre of the spreadsheet. An example of
this will be added in Appendix B. This data is then directly copied into the
template so generously provided by Kitzler Ahfeldt, which then produces a
diagram of the average groove profile, a diagram of a longitudinal section of the
groove, and calculates each of the variables according to the principles outlined
above (2017b).
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5.6.3Statistical Analysis

The following will describe the general statistical methods by which Laila Kitzler
Ahfeldt analysed her runestone samples in various studies. She worked with two
groups of modern runecarvers and their carved work to test and refine her
statistical approach in identifying individual carving techniques. It is also
essential to note here that, in her research, these statistical analyses were
applied to the samples taken from decoration of the runestone and samples from
the runes themselves separately. She argued that one carver might have two
different carving techniques for these separate elements of the runestone’s
design (2002b, 35). She also developed a method for matching these separate
signatures to a single individual, which will be discussed more thoroughly in

Section 5.6.4 below.

Laila Kitzler Ahfeldt first carried out Principal Component Analysis (PCA) on the
reference material sampled from the work of modern runestone carvers to
identify the variables which accounted for the most variation in the samples.
PCA is a statistical process used to reduce many variables to fewer variables that
can be better interpreted by researchers and represents the overall patterns of
variation in the dataset. Essentially, PCA identifies sets of variables ‘that all
show strong correlations with each other area all responding to the same
underlying thing and that these variables could, in some sense, be replaced in
the dataset by a single variable with little damage to the overall
patterning...that characterises the original dataset’ (Drennan 2010, 300).
Reducing the number of factors involved in the analysis helps to avoid
overrepresenting certain elements of the groove measurements - in Kitzler
Ahfeldt’s analysis, AvgX, AvgY, AvgZ, v and D were all identified as correlating
variables under PC1, which she defined as those that r