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Abstract 

M. GilliD&Ls- 

Ceramic Production in a Roman Frontier Zone 

KEYWORDS: Ceramic Production, Coarse ware, Multivariate 
Statistics, Neutron Activation Analysis, Roman, 
Textural Analysis, Thin Section Petrology, Trade. 

A series of recent excavations on the 2nd Century 
AD Antonine frontier forts of the Midland Scottish 
valley, have produced results which suggest that the 
army was making its own pottery on an appreciable 
scale. This was at a time when pottery production was 
thought to have moved almost exclusively into civilian 
hands. 

The possible local ware groups identified by the 
excavations were largely independent of firm source 
indicators such as kiln and waster material and the 
number of available samples was often-small. 

A program of Neutron Activation and Thin Section 
petrological analyses was undertaken along with an 
investigation into Textural Analysis, a facet of the 
Petrological toolkit. The aim was both to define the 
site ware groups and a group of specialist vessels 
thought to be local to Scotland, the Mortaria, and to 
make statements as to their provenance. 

Although the Mortaria analysis was limited by 
problems of sample group size and availability, by 
improving the objectivity of the statistical handling 
of the derived data sets and developing methods for the 
high level study of textural data, the site ware groups 
were defined successfully at both the "intrall and 
"inter" site levels. The analyses also furnished 
interpretations as to the mode and nature of the site 
production schemes. 

Through the full analysis of' site Daub samples 
linked to more traditional provenancing techniques, in 
all but one case the ware groups could be assigned to 
the source sites, where contrasting production modes 
could be identified with military as opposed to 
civilian production. 
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General Tntroduntion: 

research study was to 

The basic aim of the 

examine the mechanisms 

responsible for the production and supply of pottery 

during 'the Roman occupation of Scotland, under the 

emperor Antoninus Pius. 

The study limited itself to the second foray into 

the region in the mid second-century, - characterised by 

the establishment of the static'Antonine Wall frontier-. 

This was a, relatively short lived attempt at 

consolidation, lasting between-c. 142 - c. 163 AD (Hanson 

and Maxwell 83, Breeze 82) although-recent work by Mann 

has argued 'strongly for an occupation well into the 

180's AD (Mann 88). - 

What is clear is that in ceramic -terms, the 

occupation provides the archaeologist with a well 

defined chronological unit for scientific examination,, 

free from problems induced by large scale, artefact 

residuality, the effectsýof which, have been discussed 

by Evans in his analysis of the East Yorkshiie 

industries (Evans 85). 

In the : early 140's AD we see the phenomenon of 

around 7000 soldiers moving up from the existing 

Hadriannic frontier to establish a static frontier 

between the Forth and Clyde estuaries. As there was no 

reason to believe that the advance was intended to be 

anything but a permanent occupation, this-number would 
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have been greatly swelled by the armies entourage -of 

camp followers (Breeze 87). This represents a garrison 

in relative terms double that of Hadrians wall, and 

represents a massive influx of consumers into the 

lowlands of Scotland. 

Over the last two decades a series of excavations 

on fort sites situated in the frontier zone, have been 

undertaken, along with reappraisals of information 

derived from'excavations undertaken in the-early part 

of this century. One of the most interesting 

discoveries to emerge from this work was the 

identification of a number of groups- of pottery, or 

wares, which appeared to have been manufactured at a 

series of fort sites in the frontierýzone, ie. -local to 

Scotland. As will become clear, this did not fit at all 

with existing interpretations of ceramic supply and 

production in the second century. 

The purpose of the analytical programme was to 

look in detail at these ware groups to answer questions 

as to their sources and modes of production afid 

distribution. 

The thesis itself is structured around six 

Sections. The first looks at the archaeological 

background to the period and the sites studied, along 

with a consideration of the geology of the frontier 

zone. The second establishes the Neutron Activation and 

Thin Section Petrological analysis and data processing 
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methodologies adhered to throughout the study, 

emphasising the importance of objectivity in such 

analyses. Sections three and four present the main 

analytical results, looking at both intra and inter. 

site analyses, and proposing an-alternative to raw clay 

for the analysis of a comparative source material. 

Section five looks at the questions of possible local 

mortaria production on and around the Wall. The 

concluding discussion along with suggestions for 

further work is presented in Section 6. 

It should be noted that all of the raw 

and transformed data sets discussed and analysed in the 

course of this thesis are held in the Bradford 

University, Department of Archaeological Sciences data 

archive. 

/Vorr: LJHERC C17A'rl(: OAJS A&OC Q0071CO IAJ 7A. 1jr 
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L. Lo w 7WE Fooe. A-1 : 
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In ceramic 

terms,,, -, the North of England and the entirety of 

Scotland in the second century AD must be classed as 

"aceramic". By- way of, definition this should not be 

taken to mean that pottery was not in everyday use, 

instead the ceramics should be regarded as deriving 

from a localised 'Household' level of production 

(Peacock 82). Here the 'family' is regarded as a closed 

economic unit manufacturing its own required artefacts. 

The pottery is- not produced as a tradeable or 

exchangeable commodity but,, is simply produced for unit 

consumption. Ethnographic parallels for this type of 

production are plentiful, an example being the Berber 

communities discussed in detail by-Balfet (Balfet 66). 

This situation is in, direct contrast to that seen 

in the South East and South West of the country at the 

time of conquest. In the South East we see high quality 

wheel thrown La Tene III ceramics supplemented by Roman 

imports while in the West-there are practical, if not 

aesthetically pleasing, native traditions in existence. 

In each case we-have native- potters working within 

established traditions and producing surpluses for 

exchange in what can, be termed a 'Household Industry' 

system, a short step away from the -'Workshop' 
industries that have been seen to characterise Roman 

Britain (Peacock, 82) . 
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The conquest army itself would have had no need of 

bulky ceramic vessels, relying largely upon easily 

portable metal utensils (Greene 79)ý. Only with 'the 

establishment 'of permanent garrison forts would there 

have been a stimulus for ceramic supply'. The question 

of bDx the army obtained its ceramic needs can best be 

illustrated by'looking briefly at evidence from Britain 

and the continent. 

In Numantia we see existing native vessels being 

used by the army for general cooking and storage 

purposes, with 'Romanlývessels produced by the army to 

cover forms like mortaria and flagons for which no 

native equivalent existed. It should'be borne in mind 

that 'we are dealing here with the Second century BC 

Republican army -which'cannot be directly equated- to 

that of Antoninus Pius. This situation was paralleled 

in Switzerland and South Germany where excellent native 

traditions satisfied the immediate needs of the Roman 

garrisons (Greene 79). 

In contrast to this, in parts of Wetterau and 

Raetia where the existing native ceramics were very low 

key, and primitive, and thus paralleling more closely 

the situation pertaining in Scotland, we see'the army 

manufacturing its own pottery on the spot. "This 

situation is also evident at the sites of -Halter/, 'and 

Xanten. The overall situation for Germany 'and Spain 

appears to have been that if coarse wares of an 
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adequate form were obtainable from local civilian 

sources then they were utilised, with the addition of 

very specific 'Roman', forms. If however the existing 

local traditions proved to be very poor, - then 

comprehensive military controlled production was 

quickly initiated. 

As stated, Britain displayed very different 

ceramic traditions between the South East and West, and 

the North, Wales and East Anglia. As the army moved 

into the South we see the rapid exploitation of -well 

established native traditions with almost instant 

expansion and form evolution, - as the potters strove to 

meet the demands of a new major consumer, the army. A 

good example can be seen at the fort of Exeter (Darling 

77), which rapidly exploits the existing Durotrigian 

pottery traditions to cater for its ceramic 

requirements. .I 

In the so called "aceramic" regions we see a very 

different response - to the- problem of pottery 

aquisition. At the sites of Wroxeter and Usk pottery 

was being made locally, - yet, in continental forms, 

showing no native influences whatsoever., At Wroxeter 

80% of the total assemblage is of thisý local type, 

rising to over 80% at Usk. Clearly ceramic production- 

had been instigated by the army on an impressive scale., 

At Gloucester we see a situation similar to that at 

Exeter, where native traditions were incorporated and 
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exploited. When this information is combined with that 

from sites such as Wroxeter we can begin to see how the 

army adopted different solutions to the same basic 

problem according to local factors. In this case either 

instigating wholesale ceramic production or 

manipulating existing native production sites (Darling 

77). 

A site with more relevance to the Scottish 

situation is that of the Flavian fortress of 

Inchtuthil, where once again locally made pottery- 

comprised around 80% of, the excavated assemblage and 

study of the mortaria has suggested a military workshop 

working in a very conservative tradition (Hartley 85). 

The recently excavated Flavian fort at Elginhaugh, 

located well within, the later Antonine frontier zone, 

also appears to show a predominance of locally produced 

coarse ware and mortaria forms (pers. comm Hanson, 

Hartley). Both results serve to stress the initial 

interpretation of Scotland as a region without we. 11 

established ceramic traditions, ie. aceramic. 

A further example of military involvement in the 

potting process arises out of the debate concerning 

'Legionary' ware. This phenomenon is very important as 

it implies that the legions frequently produced their 

own forms of specialist pottery, as identified at sites 

such as York. These wares were originally thought to be 

the result of 'tastes' being transposed into new 
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environs by troop movements, but Greene has argued 

strongly that they are simply a single facet of a much 

larger phenomenon thateludes detection. This is on the 

basis that it'is very hard to identify a specialist pot 

of a local source, it is-only exceptional examples that 

we can identify. Again the implications are of an army 

capable of ceramic production when deemed necessary, 

though reluctant to do so if alternatives were at hand. 

This military reluctance is attested at sites like 

Usk, where in the second period of operation the 

military kilns closed down and the army turned to local 

coarse ware supplies, even though they were of a far 

inferior quality. 

To summarise, our evidence from the continent and 

Britain suggests that the army was very, reluctant to 

manufacture pottery, perhaps as a result-of the time 

and labour requirements or. the low status traditionally 

enjoyed by potters in society. If other supplies were 

available the army would exploit them, --even if this 

meant using low quality ceramics, rather than actively 

engage in large scale potting. 

In terms of pottery production the background, to, 

the Antonine advance is one of a move away from 

military control and into the hands of civilian 

industries. 

In the First century the ceramic policies of the 

army were characterised by a series of military kilns 
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and supply depots, such as Brampton. The wares produced 

and utilised were of similar range of forms 

throughout Britain and also along the Rhine, with only 

subtle "sub-regional" differences being observed. 'This 

general similarity'is seen as suggestive of a group of 

very different potters trying to achieve the same goal, 

(Gillam 73). These wares were supplemented by a large 

amount of material from outside of -the Northern 

military zone, eg. Belgic Terra Nigra and Gaulish 

mortaria. In the late First century however there was a 

change, the depots closed down, "and the number of 

imports to the region dropped, potting moved out of the 

hands of the army and over to civilians where 

production was concentrated in the lowland zone largely 

to the South of Verulamium. As the second century 

progressed we see a marked increase-in the -number 'of 

civilian industries and a gradual location of these 

industries further North, - as the'army moved, onwards 

(Hartley 73)". The reason's 'for this change have been 

interpreted as reflecting a change in policy under the 

Emperor Hadrian with changing troop dispositions. 

rendering existing depots defunct. The overall 

situation was summarised by Gillam, who stated that 

there was 'a general tendency throughout the Roman 

period for supply to concentrate in fewer and larger 

industries. 

Running against these trends and possible changes 
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in policy the evidence from the Antonine wall is of a 

series of small scale military production centres 

producing pottery for the army. It is an attempt to 

answer the questions posed by these apparently 

anachronistical production sites that forms the- basis 

of-this analytical project. 

The 

purpose of this chapter is to look at the Antonine 

frontier in terms of the establishment of- the static 

frontier and the form it adopted. For more detailed 

discussions, of the frontier systems see Hanson and 

Maxwell, and Breeze (Hanson And Maxwell 83, Breeze 82). 

The decision to advance the frontier up 

to the Forth-Clyde line-, coincided with the appointment 

of a new emperor, Antoninus Pius, and the-arrival, in 

the province of a new governor, Q. Lollius Urbicus. -The 

reasons for the advance can be summarised in terms of: 

, 
1.,. A move to appease the army, who had been 

inactive for a period of twenty years whilst 

garrisoning the Hadriannic frontier. 

An attempt by Antoninus (p-'i' 
, us to gain 

military prestige for himself through a successful 

campaign of territorial expansion at the fringes of the 

empire. 
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A response to a change in the local 

strategic and tactical situations, ie. unrest in the 

lowland region of Scotland. 

The most likely explanation probably lies with a 

combination-of these main factors. This is not to say 

that further factors were not at play. Looking at the 

possibility of large scale native unrest, the, final 

siting of the Wall suggests that any -perceived long 

term threat was located in Caledonia. -and not in the 

lowlands of Scotland,. this tends to suggest that the 

incorporation of the lowlands was not an exercise in 

native suppression. What the move up to the Forth and 

Clyde did accomplish concerning the lowlands, was the 

incorporation into the empire of the territory of the 

Votadini, concentrated around the eastern coastal 

region. These lands are the most fertile and productive 

in the whole of the Northern region and this may have 

providedý a further incentive for the assimilation of 

the lowland zone. 

The term "frontier zone" describes not only the 

Antonine wall itself, but the wall, in the context of 

its hinterland, where there was a very high density of 

troop dispositions both on the flanks-and to the rear 

of the barrier. The Roman occupation was assured by the 

densest and most, comprehensive network of forts and 

smaller installations ever constructed in the military 

12 



zone of the British province. Central to this system 

was the nodal fortress at Newstead, straddling the main 

communication route of Dere street'. 

The Antonine Wall itself ran for a distance of 37 

miles, and comprised, a large ditch fronting ý an 

accompanying wall constructed of turf on, a stone base. 

This is in contrast to the stone curtain that 

characterised the major part of the Hadriannic 

frontier. The final component of the Antonine system 

was the provision of a broad metalled road, the 

Military way, running parallel to and at-the, rear of 

the barrier. 

The approximate location of the wall was dictated 

by geographical features with the exact location freely 

modified by the immediate topography. The result is a 

far more flexible and sinuous-barrier line than that 

seen, with the more rigidly planned Hadriannic wall. 

This' may, have been the result of lessons learnt from 

the construction and subsequent operation of the 

earlier frontier system. 

In its final form the wall comprised a total of 

fifteen fort sites on the actual line, along with forts 

at Carriden 1.6 kilometres to the South east of the 

curtain and Bar Hill set thirty six metres back from 

the wall-A schematic plan of the wall line is given in 

figure 1.1. In terms of internal area there appears to 

be'no "regular" scale to the forts, with sizes ranging 
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from 6.5 acres at Mumrills, to a meagre 0.5 acres at 

the site of Duntocher. 

In terms of the layout of the forts the basic 

components were present at all of the sites, and-of the 

seventeen forts associated with the wall line, seven 

also showed evidence, for associated annexes, which 

excavation has strongly suggested were secondary to the 

construction of the forts. Of these annexes four served 

to enclose the fort Bath-house and, the example at the 

fort of Duntocher was deemed "industrial" in nature 

after excavation revealed large amounts of industrial 

debris. 

Supporting the fort sites were a series of small 

fortlets, similar in scale to the milecastles of 

Hadrians wall, located approximately one Roman mile 

apart. These were supplemented by a number of small 

enclosures of unknown function and a series of turf 

platforms, termed 'expansions', which have been 

tentatively interpreted as signal platforms. 

The Antonine wall can be seen as a formidable 

ditch and turf obstacle, guarded by a regular system of 

forts, interspersed with a network of smaller posts and 

installations, all linked by a broad metalled road. 

The frontier did not however begin and end with 

the physical wall barrier. To the West the frontier was 

extended by the provision of a further fort, Bishopton, 

4.4 kilometres along the coast from the wall terminal 
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fort of Old Kilpatrick. To the east the situation was 

paralleled by the large forts of Cramond and Inveresk 

located 17.7 and 32.2 kilometres further along the 

coast from the terminal fort of Carriden. To the North 

of the wall were four outpost forts reaching up to the 

confluence of the rivers Tay and Almond and to the rear 

was a dense network of installations centred around 

Newstead. 

Although the wall forts display a high level of 

diversity in terms of their size and basic plan, they 

can be seen to fall into two clear classes. 

I.,. Forts capable of accommodating a complete 

regiment, eg. Mumrills, Balmuildy and Bar Hill. 

2, Forts capable of accommodating a vexillation 

(ie. detachment of a larger unit) such as the wall 

forts of Croy Hill, Bearsden and Duntocher. 

I In general 

the class 1 forts were-constructed before the wall 

curtain with the class 2 forts secondary to it. This - 

suggests strongly that the wall was built in two 

stages, and this information was interpreted by Gillam. 

as reflecting a change in the plan of the wall during 

its construction (Gillam 75), a phenomenon seen during 

the construction of Hadrians:. wall. 

There appears to have been a very rapid change in 
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policy, with the original wall plan altered by the 

decision to construct a further twelve forts on the 

line as early as the second season of construction 

(Hanson and Maxwell 83). In its original, form the wall 

was to have-been based around six forts and-a system of 

mile fortlets, very similar to the final Hadriannic 

wall configuration. A schematic diagram of this 

original plan is presented for contrast in figure 1.1. 

In terms of the basic history of the wall, we know 

from inscriptions that construction was initiated under 

the governorship of Lollius Urbicus (139 142 AD) and 

that its original "Hadrianýicll plan was modified as 

early as 143 AD with a dramatic increase in the 

garrison size. The frontier remained in operation until 

the late 150's AD when the wall was deserted, as 

attested by evidence of refurbishment in the forts of 

Hadrians. wall. The reasons for this withdrawal have 

long been attributed to a revolt by the tribes of 

Northern Britain, as evidence for Scottish unrest 

driving out the army at this time is minimal. Althou4h 

there is little in the way of archaeological evidence 

for this supposed large scale northern revolt the most 

likely explanation must lie with some degree of 

internal unrest leading to a phase of indecision on the 

frontier. This break in occupation was very brief, with 

the Antonine wall forts reoccupied before any silt, 

could accumulate in the ditches (Maxwell 72). ýany of 

16 



the forts show a phase of rebuilding with the 

reoccupation, some like Bearsden, are never reoccupied 

and there is a marked drop in the size of the total 

garrison stationed on the wall. This argues strongly 

against any notions of large scale Scottish hostility 

at this time. The occupation phases of the wall can be 

summarised: 

ANTONTNE I: - 142 - C. 158 AD 

ANTONTNE 2: c. 158 -, c. 164/? 180 AD. 

The date 

of the final abandonment of the Antonine frontier has 

often been placed in the mid 160's AD on the basis of 

ceramic evidence, both Samian and coarse ware, however 

Mann has recently argued-strongly that on the basis, of 

epigraphic, literary -and numismatic- evidence the 

occupation lasted well into the 180's'. 

The reasons for the final desertion of , the 

frontier are unclear. - There is no archaeological 

evidence for substantial destruction beyond the orderly 

demolition of forts by the army (Steer 61, -Frere 79) 

which suggests again that the army was not driven off 

of the frontier. The retreat is best viewed as the 

result of a policy change perhaps stimulated by unrest 

elsewhere in the province or perhaps linked to the 

death of Pius, who initiated the scheme and upon whose 

shoulders credit for the territorial expansion would 

have lain. 
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In terms of the actual men garrisoning the fort, 

in its original conception the total fort garrison 

would have numbered around 4000 in the six primary 

forts and a further 500-1000 in the mile fortlets. This 

would have provided a relative garrison strength the- 

same as Hadrians wall. With the replan of the frontier 

the garrison swelled to over 7000 soldiers, between 1.5 

and 2 times the relative garrison strength of the 

Hadriannic frontier. As well as the basic number of 

soldiers theýforts were bound to have attracted a large 

number of civilians and camp followers (Breeze 87), 

thus swelling the numbers even further. 

ýThe evidence for civilian settlements or "Vici",, 

in the frontier zone has not been, studied extensively 

by archaeologists. At the forts of Bearsden, Croy Hill, 

Carriden, Cramond, and Inveresk there is evidence for 

associated extra mural settlements and field systems, 

whereas at theýsites of Bar Hill and Mumrills there is 

only secondary evidence in the form of the remains of 

childrens shoes and feeding bottles. What is clear is- 

that civilians wame present in the frontier zone 

associated with the military establishments. 

Ths- qjiggPqtPrj rpramin' Prneiurtinn 

Looking in 

more comparative detail at the sites thought to be 

engaged in coarse ware potting we have the following 
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six forts: 

BAR HILL (1) 3.2 acres. 
BEARSDEN (2) 2.4 acres. 
CROY HILL (2) 1.5 acres. 
DUNTOCHM (2) 0.5 acres. 

I 
Located on the 

I 
actual line of the Antonine wall, and: 

CRAMOND (1*) 4.8 acres. 
INVERESK, (l*) 5.7 acres. 

Located to 

the East of the wall. A clearer view of the spatial 

location of the forts is given in figure 1.2. 

Of the postulated production sites Bar Hill falls 

into the first class (1) of wall forts, capable of 

holding a complete regiment, along with Inveresk and 

Cramond which although not on the wall line form two of 

the largest forts in the frontier zone. The remaining 

sites were only capable of holding a detachment. The 

internal -size range encompassed, by the six sites is 

large, ranging from the smallest, wall fort, Duntocher 

up to Inveresk, one of the largest (over 10 x the area 

of Duntocher). 

In terms of the specificýgarrisons stationed at 

the forts work has been undertaken in exhaustive detail 

to unravel the specifics of- the Antonine situation 

(Hanson and Maxwell 83, Breeze 82, and Keppie 79,80), 

suffice to'say that infantry Cohorts were stationed at 

Bar Hill and Cramond,, a cavalry Ala at Inveresk and a 

detachment of cavalry at Bearsden. Although detachments 
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of some, form were stationed at Croy hill and Duntocher 

there is no information-as to their basic nature. 

In terms of extra-mural activity only the sites of(-, 

Bearsden and Duntocher showed any evidence for 

associated industrial annexes. Looking for evidence of 

possible civilian settlement, work at Croy hill 

revealed a vigorous complex associated with the fort-, 

alongside an extensive 'network of field -systems. 

Inveresk has an associated settlement larger than the 

fort itself, where excavation has revealed buildings of 

both timber and stone and evidence for industrial 

activities. At the fort of Cramond a further large 

extra mural complex was discovered showing evidence for 

industrial activities, but the excavator was not able 

to conclude as to whether the site was military or 

civilian in its basic nature. It should be noted that 

both Inveresk andý Cramond are in ideal harbour 

locations, and although no harbour works have been 

discovered such remains were noted to the North west of 

Inveresk by a 19th century antiquarian (Thomas 89). At 

the- fort of Bearsden, 'as well as the noted annexe 

excavation revealed the ephemeral traces of extra mural 

buildings to the West of the fort, which have been 

interpreted as civilian-in nature. Of the remaining 

frontier forts, with the exception of the Eastern 

terminal fort of Carriden where aerial photography has 

revealed an extensive extra mural settlement, there is 
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nQ evidence for extra mural activity. 

The possibility that our picture of civilian 

settlement is the result of distortion induced by 

archaeological bias, - ie. those sites , recently 

excavated, is large, however it is very plausible that 

the concentration of the very large settlements at, the 

East end of the wall is a reflection of the very high 

fertility of the agricultural soils to be found along 

the Eastern coast. - 

We have then six fort sites supposedly producing 

their, own pottery during the Antonine occupation of 

lowland Scotland. In terms of-size they range from less 

than an acre to over five acres and their garrisons 

vary from detachments, of infantry to full, units of 

cavalry. Some of the sites show evidence for industrial 

annexes and limited- possible civilian ýsettlement, 

whereas others appear to have very- extensive extra- 

mural civilian complexes. 

What is clear is that the sites have nothing in 

common beyond their fixing in a static frontier system. 

There is no clear. 11type" oftrontier site or garrison 

unit we can associate with pottery production. The 

question as to why it is these specific sites only that 

show evidence, for, potting looms large. 

It is clear that the wall forts were not sited in 

positions that would maximise the available potting - 

resources but. instead their location was fixed within 

21 



the predetermined and relatively inflexible plan-of a 

static frontier. In the case ! of -the six forts 

identified we could be seeing the phenomenon whereby 

only -forts which were lucky to find themselves in a 

convenient position to manufacture pottery actually 

undertook ceramic production. -As will shortly be 

discussed however, ceramic resources are more than 

plentiful across the entirety of the wall zone and such 

an interpretation cannot be justified. 

The main linking factor between the-sites appears 

to be the, fact that they have all seen recent, 

excavations on an appreciable scale and under modern 

conditions. What we may be seeing here is more a 

product of improved archaeological awareness rather 

than ' the ý -direct reflection of an historical 

phenomenon. These interpretations and the implications 

they raise will be discussed in. more detail at the 

conclusion of the thesis. I- 

The Antonine frontier-is situated within the broad 

undulating tract termed-the Midland valley, stretching 

from the firths of. Tay and Forth to the firth of Clyde. 

The historical form of the valley is dictated entirely 

by its underlying geological structure which is 

principally Carboniferous, fringed by outcrops of Oldj 

Red -sandstone. This is supplemented by local 
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occurrences of intrusive igneous rock in the form of 

lavas and tuffs, and a large number of minor deposits 

introduced through the action of Glacial drift. 

The geological trends are summarised in figure 1.3 

where the wall zone can clearly be seen to traverse a 

series of' Carboniferous deposits, concentrating on 

bands of: 

CARBONIFEROUS LIMESTONE - Shales, Sandstones, 
Fireclays. 

MILLSTONE GRIT - Sandstones, Shales and fireclays. 

COAL MEASURES - Sandstones, Shales and Fireclays. 

CALCIFZROUS SANDSTONE - Shales and very -fine 
Sandstones. 

The -secondary components present- alongside the 

defining constituents, ie. Coal in the case of the Coal 

Measures, are given in each of the- cases. It can 

clearly be seen that-'all, of the deposits are very rich 

in Sandstone and Shale, the importance of, which will 

become more obvious as the results of the Petrological 

analysis are discussed. 

During much of the time the Carboniferous sequence 

was being deposited there was an area of intense 

volcanic activity in both central and Southern 

Scotland. This gave rise to a number of igneous rock 

intrusions, mainlyý lava form rocks, into the 

Carboniferous sequence. During-the proceeding Glacial 

periods Scotland was covered by an ice sheet, the 
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result, of which was a general deposit of boulder clay 

over the majority of the Midland Valley region which 

still remains today. 

Where the Ice flows met the sea, the -level 

of which was around 30 metres above present levels 

(Simpson 33), the remains of terraces of marine 

alluvium, or "raised beaches" have been left. These 

phenomenon fringe the coastal region of the Valley and 

extend inland along the Forth and Clyde estuaries. In 

these areas are concentrations of silts and good 

quality potting. clays (MacGregor and MacGregor 36). 

Looking in terms of clay resources, the fireclays 

found in the Millstone Grits have been used extensively 

throughout history for refractory purposes, however of 

more interest in this context are the immense resources 

of boulder clay and the higher quality raised beach 

clays to be found in the region, both resulting from 

the action of glacial drift. The ubiquitous boulder 

clays have regularly been exploited for the manufacture 

of bricks and tiles and are still exploited on a large 

scale today for brick manufacture. The beach clays have 

also been extensively exploited throughout history for 

the manufacture of bricks and pottery (MacGregor et al 

40). 

To sum up, the basic underlying geology of the 

Antonine wall zone is Carboniferous, with igneous 

intrusions as the result of volcanic action. Covering 
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the majority of the region are deposits of Boulder 

clay, which is suitable for ceramic production, and 

concentrated in the coastal and estuarine areas are 

deposits of'good quality potting clay. It is clear that 

there are immense reserves of readily accessible clay 

deposits throughout the frontier zone. 

The purpose of this 

chapter is to look in more detail at the suggested 

local products, derived from the six sites discussed 

earlier. For a full account of the basic pottery types 

in use during the Antonine occupation see Gillam 

(Gillam 73,76). 

At the fort of Croy Hill, recent 

excavations in the associated civilian settlement 

revealed an extensive system of fields, or enclosures, 

one of which was found to contain the remains of 'a 

pottery kiln (Hanson 79). Amongst the overall excavated 

ceramic assemblage were four fabrics comprising an z 

unusually wide range of forms: 

FABRTC 9-1 :A fine textured, self coloured 
fabric with occasional red grit inclusions and 
a red/orange slip. 

FARRTCs 35+36 : Sandy pinkish-buff fabrics with a 
slightly paler surface. 
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FABRTC 42 :A self coloured pink fabric, with 
smooth soapy surfaces and occasional red grit 
inclusions (Hird 86). 

The excavators 

concluded that the fabýic differences could be the 

result of between batch variations or the effects of 

localised post depositional factors, and the fabrics 

were regarded as comprising a single possible ware 

group. Taken together the fabrics made up between 20- 

30% of the total excavated assemblage. 

The form range covered by these fabrics was very 

wide, ranging from cooking pots and bowls through to 

Belgic form dishes and beakers. There were a series of 

particularly interesting forms present in the group 

including a rather crude copy of a samian ware flanged 

bowl, and a dish form closely copying Pompeiian Red 

ware forms, the Type 55 Belgic dish form. A selection 

of the forms are presented in figure 1.4. 

The combination of form and fabric details led the 

excavators to interpret the ware as local to the forý. 

The situation was interpreted as similar to that seen 

in the Flavian period when a number of small military 

potters were in operation producing wares for local 

consumption. No confirmation came from the kiln found 

in the vicus, which although undoubtedly a pottery kiln 

(Swan 84), was not associated with any ceramic material 

at all and there was no kiln waster or furniture 

evidence from the site. 
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At Bar Hill, excavations around the fort 

Bath-house, located within the fort defences (fig. 

1.5), revealed a small pottery kiln built into the wall 

of the Praefurnium. This was-clogged with burnt earth, 

ash, clay and fragments of, kiln furniture (Keppie 85). 

From the kiln and adjacent areas came a group of around 

900 pottery sherds in a distinctive, uniform soft buff 

to pink fabric (Anderson 85). Eleven forms were 

represented in this fabric, of which seven show very 

close parallels to contemporaneous North African Red 

Slip ware forms, although the-Bar Hill forms are 

simplified. The remaining forms consist of standard 

Romano-British types, jars, flagons, beakers and 

mortaria., It is clear that the ware was an attempt to 

manufacture both for the table and for, everyday 

cooking. Examples of the North-African forms are given 

in figure 1.6. 

The North African parallels have been interpretýd 

not as direct copies, as no primary red wares have been 

found on the site, but more the products of a potter 

who was familiar with the styles, hence the observed 

simplifications and divergences. ' 

The fabric-itself, though uniform, appeared to be 

poorly mixed and poorly fired and the final vessels 

produced were shoddily finished. This prompted the 

27 



excavators to tentatively conclude that the material 

represented the results of a single failed kiln batch. 

The remainder - of the excavated assemblage 

comprised material- falling comfortably into a 

Hadriannic/Antonine context, primarily Black Burnished 

fabrics 1 and 2 and grey wares, along with imports from 

the Cologne region and north Gaul. 

Excavations in the extra-mural 

settlement at Inveresk revealed an extensive and well 

established civilian complex, with structures of both 

timber and stone. The finds suggested that the sample 

excavated was largely domestic in nature however the 

discovery of industrial debris and a furnace suggest 

some degree of industrial-activity (Thomas 89). 

Amongst the overall pottery assemblage was-a range 

of oxidised sherds which appeared to form a discrete 

fabric group on'the basis of form, fabric and potting 

idiosyncracies, such as surface burnishing (Swan 89j. 

The range of forms encompassed by this ware was 

enormous, covering almost the entire spectrum-of vessel 

types thatý would have been in use on a second century 

site, ranging from flagons (which appear to have been a 

speciality), hemispherical bowls, Belgic derived dishes 

and everted rim jars, through to copies of current 

imports such as Black Burnished ware cooking pots and 
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dishes and beaker imports from the Rhine and Northern 

France. The only form group not to be represented 

amongst the assemblage were mortaria. One of the most 

interesting set of forms in the fabric was a series of 

Samian copies, some complete with a crude applied 

barbotine decoration. A selection of the forms is 

illustrated in figure 1.7. 

The very_ wide and diverse form range argues 

against the ware representing an import as very rarely 

did more than a small facet of a kiln's produce ever get 

traded over appreciable distances. The finds of several 

deformed flagon fragments prompted the excavators to 

interpret the ware group as a local product. 

Amongst the forms, which in general are ubiquitous 

to Antonine military sites, are a small number with 

very close parallels to vessels produced in the Severn 

Valley yet not traded beyond the traditional homelands 

of the Valley (Swan 89). This evidence was interpreted 

as the result of a potter migrating up to Inveresk from 

the Severn valley, and opened up the prospect that some 

of the Severn Valley imports recorded on other frontier 

sites could in fact have derived from Inveresk. 

The'recent excavations at the 

fort of Bearsden produced an assemblage of pottery that 

fits comfortably within the general Antonine spectrum 

in terms of forms-and the range of 'observed imports 
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(Breeze- 79). ýThe most interesting feature was the 

presence of a ware in a variable oxidised fabric, 

comprising a range of characteristic forms. This ware 

made up the single largest percentage- of the total 

assemblage, 29% by weight and 33% by sherd count. 

The forms are characteristic in that they are 

somewhat anachronistical for the period, sharing more 

in common with the components of Traja+c assemblages. 

They include a Belgic platter type (Type 25, the 

commonest), flat carinated bowls, everted rim jars and 

beakers. Two forms are of particular interest, Type 27, 

a large thick walled jar with a flanged rim which is 

similar to mortaria forms and has no parallels at all 

in the province, and imitation Samian bowls with very 

crudely applied barbotine decoration (fig 1.8). 

The remainder of the wares making up the overall 

assemblage comprised largely Black Burnished vessels of 

fabric types 1 and 2, grey wares, Severn Valley wares 

and some Nene valley colour coated vessels. 

The excavators interpreted the group as 

originating in the immediate location of the fort and 

suggested a close parallel with the products of kilns 

located at Rossington bridge in the North of England, 

which also produced large numbers of (Belgic platters 

very similar to Bearsden type 25. This opened up the 

possibility of a potter working in the same basic 

tradition. The site is interesting as a large area of 
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the fort was given over to granaries, which suggests 

some form of supply function. It is also the only one 

of the 'production' sites that was abandoned at the end 

of the first Antonine occupation, giving its so called 

local ware a very tight chronological definition. 

During the 1977 excavations at the 

fort of Duntocher a small scale excavation was 

undertaken in the industrial annexe of the fort which 

revealed a kiln of at least two phases of operation and 

complete with a large quantity of vitrified daub and 

pottery waster material (Pers. Comm. Keppie). Adjacent 

to the kiln was a structure with hypocaust like sub 

floor channels, which the excavator interpreted as a 

possible drying shed. Further finds in the area of the 

kiln included fragments of a perforated clay kiln floor 

and a large number of fragments of sausage bar kiln 

spacers. For a detailed discussion of the nature of 

kilns and their furniture see Swan (Swan 84). 

A total of 700 sherds. was unearthed and included a 

number of lattice decorated Black Burnished ware 

cooking pot copies and a large number of deformed kiln 

waster sherds (Gawthorpe 80). 

No work has been undertaken to process the kiln 

pottery or establish a form and fabric series and the 

material has been largely removed by the excavator from 
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storage at the Hunterian museum. The material left 

remaining is of unknown stratigraphic context and 

comprises a collection of mainly body fragments of 

unknown form. 

What is clear is that the fort was actively 

involved in the production of ceramics in the Antonine-- 

period although little work has been done, or is likely 

to be on the assemblage. 

Work is currently underway on pottery 

excavated recently in the civilian settlement at the 

fort of Cramond, where it is clear that a group of 

ceramics is emerging which is very similar in form and 

fabric to "Inveresk" ware, but with the addition of a 

specific jar form the "Cramond jar". Once again the 

material has been tentatively interpreted as the 

product of a local kiln (Pers. Comm Ford). 

One interesting feature of the overall assemblage 

is the presence of a ware termed "Pink Grogged" ware,,. a 

very diagnostic fabric previously only found in the 

environs of Northampton where it was produced. The 

Cramond sherds represent the furthest distribution of 

the ware and it has not been found on any of the other 

wall frontier sites. 

As with Bearsden there is no waster or kiln 

material to confirm the notion of local production, it 

is simply based upon observed form and fabric 
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characteristics. 

A further, factor in the question of local 

production-at Cramond was the identification of a group 

of tiles in a very distinctive fabric. These werd also 

thought to be local, paralleling the first century 

situation at Inchtuthil where tile and pottery 

production proceeded hand in hand. The occurences of 

tile manufacture in the frontier are limited to a 

single suggested tile kiln found at the site of 

Mumrills (Proc. Soc. Antiq. Scot 28). 

This suggests that in the case of 

Cramond, the fort was involved in the production of its 

complete ceramic needs from a very wide range of coarse 

wares through to building materials such as tile. 

To sum up we have a series of ware groups 

defined on the basis of a range of factors, from the 

presence of a kiln through to idiosyncracies in surface 

decoration. Of the wares produced there are trend 

similarities in that the form ranges, where known, tend 

to be very wide, wider than you would expect from an 

imported group, and comprise both coarse and fine 

components in the same basic fabric. 

The Belgic platter form, more at home in first 

century contexts, and a crude form of Samian imitation 

are seen to characterise the local production as a 

whole along with copies of more familiar imports such 

as Black Burnished ware. In conjunction with these 
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shared form features are site specific features such as 

the thick walled bowls at Bearsden, Cramond jars and 

Bar Hill North African copies. 

As well as evidence for 

the production of general coarse wares in Scotland 

during the Antonine period there is strong evidence for 

the production at a number of sites of a very specific 

coarse ware form, the Mortaria, a surface gritted food, 

preparation vessel. As with more general coarse wares 

there was a move by the army after 60/70 AD-to purchase 

from civilians instead of engaging in self production. 

These civilian industries tended to be concentrated in 

the Midlands and South of the country, with no 

manufacture in the North or Scotland in the first 

century. In the second century there is a move by 

civilian potters into the North, working around the 

ready made markets of towns, forts and Vici. Most of 

these potters stamped their wares making it very easy 

to identify specific kiln products. Examples can be 

seen at Corbridge in the North East and the Eden Valley 

in the North West. The second century is seen as the 

floruit, of mortaria manufacture, with a large number of 

potters manufacturing within very limited and sometimes 

parochial markets (Hartley 76). 

On the basis of a study of the distribution of 
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stamps, waster sherds and the types of grit used in the 

manufacture of the vessels, Hartley identified several, 

groups-thought to have been produced in Scotland during 

the, Antonine period. The--potters responsible will be 

discussed in a little more-detail below: 

This was the most prolific of the stamp 

groups, comprising a hard orange to red/brown fabric 

with a creamy buff slip and red, grey, transparent and 

white gritting. The products are found all over the 

frontier zone North', of the fort of-Newstead, and this 

was taken as indicating a production source in the 

vicinity of Newstead as mortaria kiln products are. in 

general always distributed 'to the North of . the 

production site. The forms produced show close 

parallels to the products of potters working originally 

in Wilderspool and then at workshops in Carlisle, and 

it could be the case that these potters moved even 

further North to initiate production at Newstead. 

RRTGTA This potter produced an orange to 

red/brown fabric with a cream slip and red, brown, grey 

and white gritting. The distribution and rim profiles 

very closely match those of EMI. 

TNVOMANDUS These mortaria were produced in a 

sandy red/brown fabric with a cream or matt brown slip 

and red, grey and white gritting. The distribution of 

these mortaria once again suggests a source around the 
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fort of Newstead. 

CTCV The products were in a very soft orange 

fabric with a cream slip and red, grey and transparent 

gritting. The distribution is limited to forts in the 

Western sector of the wall itself which suggests that 

the potter responsible was working in this location. 

TRAT)V. MAIZKq : As well as mortaria stamped with the 

names of potters there were a very small number of 

patterned stamps that could have derived from Scottish 

sources, however the number was too small to establish 

" distribution. In conjunction with the trademarks were 

" series of unstamped but very site specific mortaria 

groupings: 

RALMUTLDY --A :A distinctive form group found at 

the site of Balmuildy and including a number of kiln 

waster sherds. 

RAR HTT, T, :A very distinctive form group with a 

rim profile unparalleled in the province. The -ývessels 

are heavily overfired and can be regarded as the 

products of a nearby kiln. 

MUMRTLLS A group of mortaria in a creamy 

coloured fabric and a form with no provincial 

parallels. The vessels show evidence for overfiring and 

there are kiln wasters present at the site. 
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MUMRTLLS -D: This is a second group from the 

fort with extraordinary rim forms that again show no 

parallels. The fabric is unusual in that it is of a 

white, low iron clay, and the products are undoubtedly 

local to the fort, which as the presence of a tile kiln 

attests was involved in some form of ceramic activity. 

Of further interest are the products of the potter 

who stamped his wares "SARRIUS". He initially worked 

in the location of Mancetter and Hartshill, before 

opening a second workshop at Rossington bridge in the 

North of England. Large numbers of Sarrius mortaria 

found their way to the Antonine wall including a large 

concentration at the fort of Bearsden, and it is quite 

possible that a third workshop was established at 

Bearsden (Pers. Comm Hartley). 

To conclude, none of the potters identified 

demonstrated close links with any contemporaneous 

potters working South of Hadrians wall. While some of 

the products can be associated with possible potter 

migrations the products of the Bar Hill and Mumrills 

potters are so individualistic and out of touch with 

contemporary developments to argue that they are not 

the products of migrant potters. The form and stamp 

information is presented in figures 1.9-10 (after 

Hartley). 

The distribution information suggests that three 

of the potters were working around the site of Newstead - 
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with the remaining potters producing for limited 

markets on the Antonine wall in general and often to 

single forts. 
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The basic 

questions posed at the outset of the analytical 

programme can be summarised as follows: 

2, Were the groups defined by macroscopic analysis 

produced locally to the sites at which they were 

discovered? 

If the wares are found to be local: 

Who was making them? 

How were they being made? 

Why were they being made? 

How do the results of the analysis affect our 

existing understanding of the basic nature of ceramic 

production and supply in the frontier zone. 

In an attempt to 

answer these questions the material is to be analysed 

through a combined programme of Neutron Activation and 

Thin Section Petrological analyses. 
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rHAPTF_R 2.1: Why Use Two Analytinal Metho6s? 

The ' use 

of two discrete analytical techniques to address a 

specific problem is a well established methodology 

within archaeological science. A recent example, can be 

seen in the Neutron Activation/Mossbauer studies being 

undertaken on ceramic materials (Gebhard et 'al 88, 

Wagner et al 88). 

In this study the techniques of Thin 'Section 

Petrology and Neutron Activation Analysis (NAA) have 

been employed to investigate the nature- of the so 

called "local" fabrics found on and around the Antonine 

frontier. Both of the techniques are well established 

and routinely applied and the benefits of using the two 

methods in tandem can best be illustrated by first 

looking at the broad goals of each ýrespective 

technique. 

With Thin Section -Petrology the analysis is 

concentrated on addressing the problems posed, by the 

suite of non-plastic-mineral (and otherwise) inclusiohs 

within the clay matrix, both naturally occurring and 

added deliberately by 'the potter in antiquity. 

Study of the plastic fraction of the ceramic is 

very limited as the majority of the clay minerals are 

destroyed at temperatures between 500-700 degrees 

centigrade (Williams 83). These temperatures are 

commonly exceeded in even the most primitive firing 
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procedures. Only very general statements can be made 

regarding this fraction, like for example where there 

is evidence of possible clay mixing. 

With NAA the non-plastic inclusions are precisely 

the features we are aiming to avoid through careful 

sampling procedures. Looking at the most common non- 

plastic inclusion, quartz, we find that its only effect 

is to act as a dilutant, an effect which is routinely 

compensated for in the analysis. The analysis here is 

much more orientated- towards the chemical 

identification of the plastic clay fraction. 

The techniques are in effect looking at; different 

facets of the ceramic sample under study and thus yield 

result sets which illuminate,, these facets. 

These results may agree but should not always be 

expected to. As an example a cooking vessel may be 

found to contain a coarse sand temper alongside a dish 

with only fine silt. Petrological study would suggest 

the - presence of two distinct fabrics however a 

subsequent NAA analysis on-the material may well show 

that the same chemical clay-was used to manufacture 

both vessels. At first the results may seem entirely 

contradictory but if the basic nature of the techniques 

is borne in mind a simple techno-functional 

interpretation can be tendered, where at the source 

workshop, different manufacturing technologies were 

employed to fulfil different ware function priorities. 
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The results of each technique taken alone would- have 

led to the derivation of a limited and possibly biased 

interpretation. A -further example of the strength of 

combining the two techniques can be seen where crude 

clay -mixing, identified through, petrology, can be 

related to potential NAA sampling problems. The 

strength of such approaches can be seen clearly in the 

work of Hughes et al on decorated Mediaeval floor tiles 

(Hughes et al, 1982). 

The approach becomes even stronger when the 

'results sets' obtained independently are combined with 

the stylistic, information obtained through macroscopic" 

study of the wares. 

Conclusions based solely upon traditional 

macroscopic study tend to fall into a region of 

relatively weak inference. In his analysis of plausible 

inferences, Kingery questioned the assumption that 

stylistic studies or "other kinds of measurement" lead 

alone to strong, ýconclusive, well supported statements. 

He concluded that the answer was firmly, no.,,, To, achieire 

highly credible support for conjectures verifications 

of diffPrPnt snrtashould be obtained (Kingery 1981).,, 

In this study the techniques of NAA ýand Thin 

Section Petrology, have been applied independently to 

maximise. the available information, and improve the 

conjectural credibility of any interpretations. There 

has been a tendency in the past towards the 
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exploitation of one analytical method as the "prime" or 

"emphasised" method taking the main thrust of the 

analysis, with the second method used solely to 

confirm/disprove/refine the results of the first. In 

effect the second method is reduced to the role of a 

confirmatory tool (eg Kilmurry 1982), the results of 

which suffer a predetermined weighting influence. 

If an analysis is undertaken with a results set 

already in mind then the analyst may be encouraged to 

look for details that support one view at the expense 

of those that do not. When working with an essentially 

qualitative technique such as thin section petrology 

the level of analytical refinement can quite easily be 

taken to such a high level that two samples from the 

,, a= sherd can be differentiated. When situations like 

this are possible it is equally possible that a 

predetermined level of data structure may only serve to 

distort the level of refinement to obtain a 

complimentary reflection of the expected structure. 

This can only bring the validity of the exercise inio 

question. 

Such concepts as "pre-conceptual analysis" will be 

discussed in more detail in the data processing 

chapters of this section. Here the methods have been 

applied independently of one another to the process of 

sample interrogation, this yields data results sets 

which are combine , in a multi method, areas of 
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agreement data processing strategy, to furnish high 

confidence interpretations and thus inferences. These 

concepts are fundamental to this study and underpin all 

of theý following data processing chapters, as will 

become clear. 

It is evident that such an ideal does not hold for 

the analysis as a whole, as some decisions or more 

accurately levels of interpretation have to be made 

before the analyses can take place. These range from 

the decision that a distinct local fabric actually 

exists in the first place, through to factors such as 

which sherds are actually representative of this 

defined ceramic grouping or fabric. This is a necessary 

evil that underlies most if not all initial analyses 

and has very few alternatives that do not involve very 

large scale sampling exercises. The remainder of this 

section and the methods described therein are an 

attempt to minimise the clouding and potentially 

misleading nature of pre-conceptual analysis,. or more 

simply the analysis of a data set to confirm an 

existing interpretation, be that based upon an earlier 

form of quali/quantitative analysis or a simple 

"notion". 

To conclude this introduction the Section aims to 

establish a methodology for the objective study of a 

very complex set of ceramic material. The remainder of 

the Section is based around four chapters, the 
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respective methodologies comprising the first two and 

the data processing techniques the second. 

Neutron Activation analysis or NAA is a very 

powerful and well established technique for the 

chemical analysis of samples of archaeological 

material. The technique requires a very small sample 

(commonly around 100 milligrammes) and has a very high 

sensitivity for many elements present at the trace 

level, like for example the rare earth elements. NAA is 

in essence a three stage process: 

1. Activation of the sample through 

bombardment with thermal (low energy) neutrons in a 

nuclear reactor. 

2. Counting of the sample activity. 

3. Analysis of the gamma ray spectrum 

obtained from stage two enabling the identification 6f 

elements present to take place along with a 

determination of their concentrations. 

What follows here is a brief description -of the 

three stages of the process along with a more detailed 

discussion of the practical methodological steps and 

problems. For more detailed discussions of the basic 

theory see Tite (Tite 1972). 
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ACTTVATTON: 

In the reactor some stable isotopes 

capture a thermal neutron to become radioactive: 

AI A-4-3. 

zX+0n ----- >zX+ gamma rays 

Where X represents the element and Z and A are the 

atomic number and relative atomic mass respectively. 

The unstable isotope X will eventually decay by 

either Beta particle emission or by electron capture. 

The resulting isotope Y is left in an excited state and 

emits its excess energy in the form of gamma rays 

immediately after the Beta decay or electron capture. 

A-4-1 A-4-1 A-4-1 

zx Z4.1 
Y* +B ----- > 

Z-4-1 
Y+ gamma rays 

Where Y* is the excited state and Y the ground 

state. 

The gamma rays form a characteristic spectrum for 

each isotope with peaks of certain relative intensities 

occurring at particular energy levels. The gamma rays 

are characteristic of isotope Y but by convention are 

considered characteristic of the parent element X. The 

amount of a radioisotope thus created depends upon 

three factors: 

1. The'Cross section for capture of the 

element in Barns -'a . 
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2. The conventional reactor flux for 

thermal neutrons 

3. The number of atoms of the element of 

interest present in the sample at the time of 

irradiation. This quantity is an unknown. 

A 

Consider N atoms of the stable isotope 
z 

X. The 
A+1 

rate of increase of activated nucleii X with time 
z 

is: 
N. 4ý. a per second 

Therefore the number 
A-ý. I 

of atoms of 
zX 

in the sample is: 

dn N. t. a 
dt 

Where n is the number of atoms of X at time t 
z 

and N is assumed to be constant as the fraction of 

atoms being transformed is very small. 

A-1- I 

As however 
zX 

is constantly disappearing due to 
A-1- 3. 

Beta decay the net growth rate of 
zX 

nuclei is given 

by: 
dn = N. t. a - pn 
dt 

Where p is the disintegration constant which - 

0.693/tI/21 where t1/2 is the half life of the parent 

isotope . and n is the decrease in the rate of 
A+3' 

formation of, 
z 

X. This can be integrated to give: 
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Njý. c (1 - 
A 

Since the source activity is defined by n for In' 

radioactive nucleii at time It': 

N. 1k. a (1 - e-At) 

Where A= the activity of the daughter product. 

The equation can be further refined 

to: 

N., t. a. f (I - e-At) 

Where f- the fractional abundance of the isotope 

(prior to neutron capture) present in nature, thus 

giving the number of nuclei of element X present. 

Division by Avagadro's number gives the number c. 16 moles 

of the element present and multiplying by the relative 

atomic mass gives the mass of the element present in 

grammes. 

PROBLEMS WITH THE METHOD: 

There are three main 

problem areas associated with the methodology described 

above: 

1. Capture cross sections vary with the 

energy of the neutron flux in the reactor which is not 

uniform. 

2. Within a reactor the energy profile can be 

different between sample positions and changing 
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throughout the duration of the run. It is impossible to 

maintain a constant neutron flux and very difficult to 

reproduce the flux on a different occasion. - 

3. ' The capture cross sections are not very well 

known for isotopes. 

The most practical solution to these problems was 

proposed by Perlman and Asaro (Perlman + Asaro 1968) 

who suggested that standard samples of known 

composition be analysed alongside the unknown material. 

They developed and calibrated a standard pottery for 

this very purpose. If then, theý'standards and the 

samples are maintained in the same time averaged 

neutron environment, the analytical results will become 

independent of uncertainties in cross sections, neutron 

flux and the energy distribution of the neutrons. Since 

the observed count rate at the exact instant of removal 

from the reactor is proportional to the number of 

stable isotopes in the sample and standard it follows 

that: 

: jItS 
S--ap(ts-tstd) .2 

HS 
a M-Std Astd eAltstd Astd 

Where: 

M. mass of original isotope in sample. 

Msr_CI standard. 

As -'Activity for the sample. 

Astc, standard. 
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t, - Mean time after removal from the reactor at 

which the sample gamma ray activity was counted. 

t, t, l - Mean time after removal from the reactor at 

which the standard gamma ray activity was counted. 

The only unknown quantity in the equation is the 

mass of the original stable isotope in the sample (M) 

as all of the other unknowns cancel each other out. The 

mass of the element can now be transformed into the 

concentration in ppm, to adjust to the differing sample 

weights: 

C= Mst X 106 M(ts-tstd) ppm St W-d A S std 

Where C is the concentration and W. the total mass 

of the sample. 

one assumption is made and that is that all of the 

samples and standards see the same neutron flux. This 

is not the case but the magnitude of this error can be 

monitored by placing several standards at different 

positions within the sample irradiation area. These 

'extra' standards are then treated as unknown samples 

and after the calculation of elemental concentrations 

should show the effect of any such flux variation 

errors. 

! The f irst 

stage in the sampling -process is to obtain --as 
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representative, a 'sample of the total assemblage- of 

material available to the analyst- as possible, to 

enable conclusions to be drawn with a relatively high 

degree of confidence. As is so often the case in 

analytical archaeology there are no rules as to which 

figure constitutes a reliable sample and it is usually 

the case that the final choice, of sample number, is very 

closely tied to the nature of the fabric types under 

analysis. As an example of this practical variation 

Picon took -100 sherds as being -sufficient - to 

characterise a workshop (Picon 1973) whereas Catling et 

al concluded that between 10 and 30 sherds were 

adequate'for the same purpose (Catling et al 1961). In 

his overview 'Wilson rather arbitrarily attempted to 

establish a'standard methodology whereby 5-10 sherds of 

each "type' and 'style' should be analysed with the 

proviso that not 'less, than 50 sherds in total be 

studied. This ýapproach is all well and good when- the 

analyst has a large assemblage at his disposal, replete 

with a multitude of 'type' and 'style' examples -recidy 
for analysis. I 

With the Scottish material there was 

neither sufficiently identified (at a macroscopic 

level) or available material- to enable -- Wilsons 

criterion to be met (Wilson 1978). Instead the decision 

was made to analyse around twenty sherds - (where 

possible) from each, of the suggested local ware groups, 
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this comprising the capacity of a single NAA sample 

run. The selected sherds were those deemed most typical 

and representative of the 'ware' at the macroscopic 

level. 

This decision satisfied the experimental criteria 

of Catling et al in that it should be sufficient to 

characterise a compositional grouping if-, present. It 

also satisfied the unstated criterion of sample number 

and limited analytical run availability., With the daub 

and mortaria samples analysed, the situation differs in 

that the numbers sampled represent -. ajj of ý the 

identified and retained material available at the time 

of analysis, which in many cases resulted in sample 

numbers that are very small., It was however felt that 

the analyses should proceed, if only on a feasibility 

level with this material. 

A full list of the site samples is given in 

Appendix ý2.1 along with the relevant NAA and Thin 

section identifier codes. 

At -- the sherd level the following, sampling 

procedure was followed: An area approximately lcm 

squared, was cleaned (ie the top 2-3mm. of, ý clay was 

removed) using a diamond encrusted drill bit to gently 

abrade , the- surface. This served to remove any 

potentially contaminated material from the surface of 

the sherd before the analytical sample was taken.. The 

drill bit was then cleaned in acetone and used to 
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abrade a powder sample of approximately 100 

milligrammes from the cleaned portion of the sherd. 

Once again there are no rules as to how large a sample 

constitutes a "representative sample"-however 100 mg 

was deemed large enough (pers comm Crummett) to both 

produce enough activity to facilitate the counting 

statistics and to overcome any effects induced by the 

presence of inclusions in the samples, a potentially 

distorting phenomenon identified by researchers such as 

Bromund et al (Bromund et al 1976). Any very obvious 

large inclusions present in the sample were carefully 

removed from the'sample at this stage to minimise, such 

effects. 

The powdered samples were then packed into small 

polythene tubs, weighed and code labelled. Around 18 

samples were then packed into a larger polythene tub 

along with 2 samples of the Bradford standard pottery 

(NPS1) and the tub was-sent to the Aldermaston reactor 

facility for a 24 hour irradiation. This exact 

procedure was followed for runs 845,855 and 856. The 

analytical details of all the NAA runs are held in the 

Bradford Archaeological Sciences Department analysis 

archive. 

For the remainder of the runs the irradiations 

took place at the Harwell facility and the sample size 

for analysis was set at 50 mg. It should be stressed 

that 100 mg was still taken from the sherd and the 50 
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mg was taken from this as a sub-sample. In this way it 

was hoped to minimise the sherd sampling distortions 

that can arise when very small samples are drilled 

directly. A further modification was the replacement of 

the large, polythene tubs with aluminium cans which 

slightly increased the number of samples analysed in 

each run., Analysis runs 860,861,862,863 and 864 

followed this. refined methodology. 

The basic methodology changed once more during the 

duration of the project when the. small polythene sample 

tubs were replaced, with heat sealed high purity -quartz 

tubing. This change was undertaken for two reasons: 

1. Unpredictable reactor temperatures were 

causing the sample tubs to fuse into a single mass thus 

causing the premature demise of sample run 864. 

2. The cost effectiveness of the polythene 

tub method was very low, with around 18 to 20 samples 

being analysed in any given run. - 

The revised methodology consisted of carefully 

packing and heat sealing the 50mg samples in thin 

(c. 3mm diameter) quartz tubes around 2.5cm long. The 

tubes were then packed in aluminium foil into clusters 

of 5 and placed in the aluminium run can. In this 

fashion around 60 samples could be irradiated in each 

run. The final runs undertaken as part of this 

analytical programme (866 and 867) followed this 
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methodology. 

After the 

reactor irradiation the samples were returned and after 

3-4 days counted for the gamma ray spectra of the short 

lived isotopes (those with very short half lives having 

already decayed away by this time). Each sample count 

took place for 3000 seconds in this initial phase. 

After a further three weeks the activity from the short 

lived isotopes had decayed away leaving the spectra 

cleaner (ie with a lower background) and the samples 

were again counted, this time for 6000 seconds to 

obtain the spectra for the long lived isotopes. 

A Lithium drifted Germanium crystal was used as 

the solid state gamma ray detector, producing a voltage 

pulse proportional to the detected gamma ray energy. 

The pulses were transmitted to a Hewlett Packard 4096 

multi channel analyser which divided the voltage range 

into 1024 equal units each of which was allocated' a 

channel. The voltage pulses were then stored in their 

appropriate channels. In this way a spectrum is built 

up of the number of counts on the basis of their 

energies. 
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The sample 

and standard spectra were analysed using a Hewlett 

Packard mini computer and the ASPECT software package 

developed at Bradford University. The programme 

analysed the standard samples first, ' producing a hard 

copy of the raw spectra before calibrating the'increase 

in gamma ray energy per 'channel. This value ýwas 

calculated from a perusal of the spectra, ' and input in 

the form of the gradient and-intercept values rof the 

linear equation between-the channel number 'and the 

gamma ray energy. The'value'was further refined 'by 

determining the positions of certain peaks within the 

spectrum, in the short lived example Scandium 46 and 

Lanthanum 140 and with the long lived isotopes Cobalt 

60 and Iron 59. The relative peak areas were determined 

and the ratios examined to ensure that the correct 

peaks had been identified, where incorrect peaks were 

found the process was repeated. 

When a satisfactory, stable solution was 

achieved the gamma ray energies were assigned to the 

appropriate isotopes and any adjustments were made to 

equate the peak energies for the various elements to 

the known concentrations in the standard. When scanning 

the spectra the programme looks at a range of defining 

channel numbers for each peak, commonly 3,5,7 and 9 

channels. This ensures that peaks which are close 
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enough together to share some overlap are detected, 

using a wide band alone (eg. 9 channels) would not 

resolve the two peaks, and likewise single large peaks 

would not be accurately measured using just, a very 

small width. 

A further source of inaccuracy arises when two 

peaks emit gamma rays of the same energy thus producing 

a composite peak. To overcome this ASPECT identifies a 

second peak for one of the isotopes and works out a 

correction factor, as. the ratio of two peaks is always 

constant. The following pairs of peaks were routinely 

compensated for by the software, the latter in each 

pair being that sought after in the analysis: 

Short Lived: Eu, Br; Pa, Yb; La, Yb; Ta, Np; Np, Sm 

Long Lived: Fe, Ce; Eu, Th; Tb, Pa; Tb, Hf; Ba, Hf 

Any contribution to the peaks from the spectral 

background 'is corrected for by taking an average 

background count either side of. the peak and 

subtracting this from the peak area. Once measured the 

peak areas are adjusted back to the values they had on 

emergence from the reactor through the exponential 

decay equation and identification is undertaken for 

each element present in, the standard. The intensities 

of the peaks are set to be_equivalent to the known 

concentrations of the elements in the standard. 

The process is repeated for the non-standard or 
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funknown' samples with peak intensities compared to 

those in the standard. In some instances the software 

failed to identify peaks that were expected in the 

samples (commonly with the Iron and Rubidium peaks). In 

these cases the raw spectra was examined and a simple 

hand calculation of peak area was performed. 

Given that data processing methods have become 

more and more refined this peak area measurement phase 

is seen by some researchers as the major source of 

analytical uncertainty (Gilmore 86). It stands to 

reason that much care has to be taken during this stage 

of the analysis. 

EXPERTMENTAL ERRORS: 

It terms 

of possible experimental errors the respective peak 

errors are proportional to the total number of counts: 

ERROR =/ Total Count No. for Peak Determination 

The error in the determination of a given element 

thus depends largely upon its activity and it is 

therefore to be expected that wide error variations 

occur between the elements. For strongly activated 

elements such as Scandium this can afhount to little 

more than a fraction of a percent but for the less 

strongly. activated elements such as Rubidium, the error 

can be of the order of 20%. 

The average sample run errors for run 855. are 
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given in table 2.1. These values were carefully 

monitored through all of the subsequent data aquisition 

steps as very large errors can call into question the 

analytical validity of a given element in the suite 

detected. The 16'elements'presented in table 2.1 are by 

no means all that were detected and measured by ASPECT, 

instead they represent those elements selected from the 

overall detected suite for the characterisation of the 

material under study. The factors that dictate the 

composition of this group are concerned with 

reliability and consistence between samples in terms of 

levels of detection and determination error. These 

sixteen elements were deemed best suited for further 

data processing. Rubidium was the only element to show 

an error consistently high enough to warrant caution 

and this element was carefully monitored throughout the 

data processing stages of the analysis. 

Theie 

are three further error sources that can arise during 

the analysis: 

1. ' Even over the length of a sample tube the 

neutron flux can vary quite significantly, resulting in 

a situation whereby the samples and standards do not 

see the aam neutron flux. 

2. Errors can arise in the concentration 
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estimates due to differences in the positioning of the 

samples relative to the detector during counting. 

3. Certain ceramic inclusions such as quartz 

are free from the elements analysed for in NAA (or 

contain them in very small amounts relative to the 

matrix) and act as simple dilutants causing the 

calculated concentrations to be low. The same. effect 

can arise when there is a weight error due to absorbed 

water. 

To overcome these problems an internal flux 

monitor as proposed by Aspinall was used (Aspinall 77). 

The element Scandium was chosen as it is uniformly 

distributed in the clay, is measurable with good 

experimental accuracy and can be assessed in both the 

short and long lived analyses, thus minimising the 

effects of variable analytic conditions. It is not 

however a panacea as there are two main reservations 

concerning its application: 

1. If Scandium. is a significant, reliable 

discriminating element in its own right the 

normalisation process reduces this discriminatory 

factor and that of any elements correlated with it. 

2. If post depositional formation processes 

have led to selective enrichment or leaching of the 

Scandium fraction all of the remaining elements will 
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suffer distortion effects upon normalisation. 

A further problem could arise if the non-plastic 

inclusions such as quartz displayed appreciable levels 

of scandium. The identification of such inclusions has 

taken place at Bradford (Riding 1988) but much more 

work needs to be done in this area before any 

statements can be made as to the effect such inclusions 

have. It is generally accepted however that the 'good' 

outweighs the 'bad' and in this study all of the data 

presented has been normalised with respect to Scandium. 

The techniques of thin section petrology as 

regularly applied to the study of archaeological 

ceramics were developed out of the field of geology, 

where the basic identification of rocks and minerals 

were sought. As a consequence of this the first large 

scale archaeological applications were undertaken on 

the analysis of ancient stone artefacts. The main 

thrust aimed at tackling the problems posed by 

archaeological ceramics was initiated in the late 

sixties by David Peacock (eg. Peacock 68) and it is due 

to his influence that the techniques are so well 

established today. Detailed methodological discussions 

of the fundamental theories and techniques can be found 

elsewhere (Kerr 77, Wood 77), suffice to say that the 
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practical application revolves around the removal of 

wafer thin slices of pottery which are then examined 

via a petrological microscope. This examination takes 

place under two types of light, Plane polarised (PPL) 

and Cross polarised (XPL). Under these lighting 

conditions different mineral and ceramic inclusions 

display a number of properties which are both 

characteristic and diagnostic, enabling the source 

material to be identified. 

The first fact that 

should be stressed is that a thin section sample 

(typically 0.03mm thick) represents a veryýsmall sample 

volume of the parent sherdr, far smaller than the 100mg 

commonly taken for chemical analyses (Betts 82). The 

basic assumption upon which all petrological studies 

are based is that this sample is a true- representation-, 

of the total sherd fabric. 

Repeat-samplings of sherds to provide, in effect, 

homogeneity samples is a possibility to test the 

validity-of this assumption, but this often results in 

extensive damage: toýthe sherd if not total destruction. 

With the Scottish material, due to-a certain reluctance 

on the part of the curators responsible for the 

majority of the material to allow comprehensive sherd 

destruction, sampling was undertaken to minimise the 

damage to the sherds. Repeat sampling was out of the 
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question and therefore this assumption that the sample, 

was representative underlies all of the following 

petrological analyses. A possible non-destructive 

method for the targetting of section samples may be 

found in the sphere of xero radiography and this will 

be discussed in more detail at the close of Section 6. 

To obtain the thin section samples, slices of 

pottery were taken vertically through (ie. at 90 

degrees to the base) the sherds and this orientation 

was kept as constant as possible throughout this 

study. The samples were all taken from body sherds as 

there is strong anthropological evidence to suggest 

that accessories such as handles, utilised different 

temper technologies to enable them to dry at the same 

rate as the finished vessels (London 81) and thus would 

not be representative of the ware fabric as a whole. 

The 5mm thick slices of-pottery were then, vacuum 

impregnated with a clear epoxy resin to give them 

strength, mounted upon glass microscope slides and 

ground to a thickness of 30 microns. Cover slides were 

then fitted to protect the sample surface. This 

preparation process was undertaken by "Section 111 of 

Leeds and "GAPS" of London. 

The - analysis was 

undertaken using the Nikon Optiphot microscope facility 
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installed at the British Museum research laboratory and 

the analysis of the sections followed the scheme laid 

out below: 

1. A low magnification scan was undertaken to identify 

range of inclusions present. 

2. At high magnification the identified 

minerals were recorded. 

The second stage of the process can be sub divided 

into five areas: 

1. Identification of minerals. 

2. Size range of minerals. 

3. Relative amount. 

4. Shape. 

5. Sorting. 

ý These- criteria were recorded 

for each of the non plastic inclusions identified in 

the sherd samples and will be looked at in a little 

more detail: 

size! 

Giving an average grain size or maximum grain 

size is of limited use to other petrologists, so here a 

"typical grain size" is quoted, where the most commonly 

occurring grain size within a specific assemblage is 

measured. This is given along with maximum and minimum 
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range descriptors for the inclusion, providing a good 

qualitative size description. With quartz the minimum 

size is far smaller than can be visibly discerned and 

with these grains the size is quoted with reference to 

the standard size scale charts established by Folk 

(Folk 68) see table. 2.2. 

There are two generally accepted methods 

for establishing the relative "amount" of a given 

inclusion. The first is on a% estimate basis using 

standard reference charts. This is a method used and 

advocated often in the macroscopic study of fabrics 

even though referring to standards can become crude and 

hard to relate (Robinson, Unpublished). An example of a 

percentage estimate chart is given in figure 2.1. 

The second method is simpler and more descriptive 

basing itself around the following range of 

descriptors: 

RARE - OCCASIONAL - SPARSE - COMMON- ABUNDANT - VERY 
ABUNDANT 

This is the method advocated by the British Museum 

Research laboratory and has been adopted in this study 

in an effort to move towards more a more standardised 

mode of recording. 

lahap= 
The description of shape is a very difficult 
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one, with many methods available to codify roundness 

and sphericity into reproducible descriptors, none of 

which are straightforward to apply or simple to relate 

directly back to the observed inclusions. Instead a 

standard reference system based upon four descriptive 

terms standard in the macroscopic study of fabrics was 

employed. The terms: 

ROUNDED - SUB ROUNDED - SUB ANGULAR - ANGULAR 

were used with reference to figure 2.2. 

No attempt has been made to define grain 

sphericity on such a basis, but where special shapes 

occur such as lozenges of shale andýflakes of -mica, 

these have been described. 

Here a standard chart was used (fig. 2.3) 

in conjunction with three descriptive terms, WELL, 

MODERATE and POOR to define the degree of inclusion 

sorting. 

The- construction of the 

petrology report is very important. It must be written 

consistently if it is to be any use whatsoever, to both 

petrologists and archaeologists. In this -study the 

British Museum standard was adopted whereby the 

inclusion descriptions follow the path shown below: - 
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QUANTITY - SHAPE - SORTING - IDENTIFICATION - SIZE 

Here is an example taken from the site of All, Cannings: 

"Moderate rounded -pellets of Glauconite -are 

present typically 0.4mm ranging up to a maximum of 

0.6mm" (Gillings 87). 

In each case the collected inclusion descriptions' 

are preceded by a basic description of the clay matrix. 

Here 'is a further, example from the report on the 

petrology of late Iron age pottery from Prae Wood, St. 

Albans: 

"A brown birefringent clay matrix containing 

abundant sub-angular moderately'sorted quartz grains 

typically 0.05mm (0.05-0.25mm). Common sub-angular 

poorly sorted grog fragments typ 0.4mm (0.1-0.7mm)are 

present along with sparse flakes-of mica typ 0.03mm 

(0.02-0.08mm) and sparse sub-angular moderately sorted 

Iron oxide particles ranging in size between 0.03 and 

0.06mm. The fabric also contains sparse voids 

possibility due to- the presence of an - organic 

component" (Gillings 87). 

As can be seen the report structure is respected 

where possible but there are some modifications, for 

example the lack of a quoted typical grain size for the 

iron oxide suggests that the grains are evenly spread 

over the size range. It should be noted that, whereas 

the example quotes a 'size range for quartz, the 
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Scottish examples all employ the. size range descriptors 

of Folk. The main reason behind the adoption of the Folk 

band descriptors is to remove errors which can arise in 

extreme cases when a fabric contains a silt fraction 

and a coarse sand fraction with little else between. 

Any quoted size range will be misleading as it suggests 

the presence of grains between the quoted minimum -and 

maximum even if a typical size value is given. 

The sherds comprising the assemblage were then 

individually analysed and the results summarised in 

chart form (Fig. 2.4). The next stage was to pull 

together very similar sherds to form fabric groupings. 

The situation can arise where it is quite possible 

that by looking intently enough the analyst is able to 

divide all of the analysed samples into discrete, 

separate fabric groupings. The level of interpretation 

in this type of more qualitative study is crucial. The 

approach adopted here was firstly to construct large, 

amorphous fabric definitions, eg. "Sandstone tempered" 

and then identify where present sub-fabrics within this 

blanket term, in effect a divisive clustering 

procedure. The level of interpretation itself is not 

and cannot be fixed. For example the analysis can 

become very refined where very diagnostic inclusions 

are present in appreciable quantities, such as Grog 

(fragments of crushed pot sherds) and Glauconite, in 

some sherds but not in others. In sherds where quartz 
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is the main inclusion constituent of the matrix the 

level of interpretation becomes less precise, as it is 

very difficult visually to discern a 10% change in, for 

example the fine/medium quartz ratio. It is in 

situations like these that the basic qualitative nature 

of the technique is best demonstrated. In situations 

such as these more quantitative petrological techniques 

need to be employed. 

The final part of a given fabric 

description is to give a list of member sherds, ie. 

those sherds comprising and defining the fabric. 

Real problems can 

arise with petrological analyses when large geological 

areas are characterised by successions which are 

largely monotonous. This has the effect of resulting in 

the mineralogies of ceramics from different productign 

centres looking very similar (Freestone et al 82). A 

good example can be found-in quartz, the most commonly 

occurring-inclusion within ceramic bodies. This mineral 

displays no characteristic features enabling it to, be 

assigned any precise provenance, sand from Belgium is 

visually very similar to sand from Scotland. The 

problems that arise when dealing with ceramics 

originating from areas of predominantly sedimentary 
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geology (ie. where diagnostic mineral suites are rare 

and quartz is common) are therefore major. 

To overcome these problems the techniques of 

textural analysis were introduced from the field of 

sedimentology, whereby variations in the size, shape 

and proportion of the traditionally non diagnostic 

inclusions were looked at. This enabled the 

characterisation of and discrimination between 

production centres producing otherwise petrologically 

indistinguishable wares. 

The techniques were first successfully applied by 

Peacock (Peacock 71) in an archaeological context 

looking at sand tempered wares. Of the factors he 

examined size analysis has been the most widely applied 

facet of the technique suite, yielding as it does a 

substantial body of data which can be manipulated 

statistically. This is called the Grain Size 

Distribution. 

In this study the textural analysis takes place on 

two levels: 

1. Sim-ole estimation of Ouartz % relative to 

the matrix. 

2. Measurement of the Quartz grain size 

distribution. 

To establish the relative percentage of quartz the 

technique of Point Counting was used. Here a two 
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dimensional grid is established over the slide under 

study and every grain falling under an intersection is 

identified and counted (fig. 2.5a). The size of the grid 

is such as to be as coarse as possible whilst still 

allowing the measurement of a high enough number of 

grains to be made to make the analysis worthwhile. The 

coarseness of the grid helps to avoid the multiple 

counting of larger grains in the section. 

The basic technique is standard and was 

originally developed to allow the relative areas of 

mineral' phases in sections to be determined. For a 

detailed summary of the nature of the technique see 

Freestone (Freestone et al 82). 

In practical terms a Swift point counting system 

was utilised with a grid size of 0.32mm established 

across the sample slides (this is standard for all 

analyses unless otherwise stated). The microscope 

magnification was set to X100 and a total of 250 points 

were counted for each slide, - to give a statistically 

valid sample. The material directly beneath the cros; - 
hair was counted in each case but where this fell 

exactly upon a grain boundary the following rule was 

established. All grains that fell above and to the left 

of the cross-hair were counted (fig 2.5b). As the 

analysis was underway a break was taken after every 10- 

15 samples, when two repeat runs were performed on a 

random slide to ensure that a consistent level of 

72 



recording was taking place*. -The results for the 

Bearsden local'ware are given in table 2.3. ' , 

For the determination '-of the grain size 

distribution a sample of 150+ quartz grains-was taken 

for each of the samples under study. This number was 

selected to give a good statistical sample-for further 

analyses (Betts 82, Wandibba 82). , 

Traditionally the maximum diameter of each''grain 

was measured by eye using a calibrated graticule, but 

this is both-a time consuming and tedious process'prone 

to inaccuracy. Its application in a "routine" sense is 

very limited. 

To-, alleviate these problems a semi-automatic image 

analysis system was utilised. 

Image analysis-can be defined as the quantitative 

measurement of the geometrical features that can be 

seen on two dimensional images (Jones 82). 

In this -study the Kontron MOP Videoplan system 

installed at, ýthe. British Museum Research laboratory was 

utilised. Here the field of view under, micro-study is 

displayed upon a video screen and the"grains of 

interest are outlined using a pen and digitising tablet 

system (fig. 2.6a). Integral software then calculates a 

series of size and shape parameters for the outlined 

grains and stores the data for subsequent statistical 

analysis. This form of semi-automatic system' sits 

snugly between the tedium of manual measurement-schemes 
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and ease of fully automatic scanning systems, and 

enables the skills of the petrologist to delineate the 

specific areas of interest. The benefits of such a 

system are readily apparent in that manual measures are 

slow, tedious and thus prone to inaccuracies and 

subjective influence, whereas fully automatic- systems 

rarely enable the expertise of the analyst to play a 

direct role in the analysis, although their results 

tend to be more objective. The Videoplan system makes 

the routine analysis of 150+ grains per sample a viable 

routine procedure. - 

In practical terms random areas were taken across 

the sample slides at X40 magnification, and all of the 

quartz grains falling within the -defined area or 

bisected by its top and right, - hand borders were 

measured (fig. 2.6b). Each frame area was completely 

analysed until the required 150 grain target minimum 

had been achieved. I 

The measurement of the very small grains posed a 

problem as it was limited by both the extent of clear 

visual definition and by the scale thickness of the 

lightpen trace. In practice it is very hard to 

establish a consistent cut off level and the effects 

this has on the data processing will be discussed in 

detail in Chapter 2.5. 

The sherds were analysed using this procedure and 

the first four statistical moments were obtained along 
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with a grain size distribution listing and a crude 

distribution graph (fig. 2.7). The major problem with 

the Videoplan is that its integral microcomputer is 

based around a CPM operating system that does not 

support the advanced software packages needed for high 

level data examination. The data itself cannot easily 

be transformed to a DOS compatible format which serves 

to introduce a very time consuming step into the 

analysis where the raw data, has to be re-input into a 

second computer system.. 

The measurement scale quoted on figure 2.7 is in 

microns and it should be noted that all of the 

statistics presented here and used in subsequent data 

processing-stages are based upon the value of dCircle. 

This can be defined as the diameter of a circle of 

equivalent area to the grain measured, and tends to be 

more precisely determined than alternatives such as the 

basic maximum grain diameter. The problems with a 

direct measure of the diameter derive from the fact 

that when a section is studied and measurements of týe 

maximum grain diameter are taken you see only an 

average radius of approximately 0.763 of the true grain 

radius. This is due to the fact that the section is 

very unlikely to have cut through the exact mid-point 

of all of the grains. For a detailed discussion as to 

the merits of dCircle see Freestone (Freestone et al 

82). 
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To summarise, standard petrological studies 

were undertaken using a consistent reproducible 

recording system and this was further supported by an 

estimation of the relative percentage of the quartz 

fraction along with a full quantitative analysis of the 

grain size distribution. 

It should be stressed that due to labour and time 

constraints the petrology has been directed towards 

solving the main questions posed by the project, which 

are directed towards provenance. Analyses of facets 

connected with cultural and technological attributes, 

like firing conditions and porosity have not been 

analysed in detail, however observations have been made 

where obvious changes were observed. 

INTRODUCTTON: 

The aim of this chapter is to 

present a methodology for the statistical treatment of 

Neutron Activation analysis derived-data from non kiln 

specific site material. This can be defined as: 

"A group or assemblage of ceramics thought to 

originate on the site at which they were discovered, 

but lacking in any clearly associated kiln structures, 

waste indicators or evidence of clay exploitation and 
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treatment. " 

The reasons behind the assignation of such 

'groups' to a local source will be discussed in 

Sections 3 and 4 of the thesis. 

The major difference between a study based upon 

such data and a study of reliable kiln products is the 

complete lack of supportable, inferred knowledge that 

can be amassed Rrior to analysis. Traditional 

provenance work has tended to base its efforts upon 

well defined groups with secure waster material, and 

data processing strategies have been assessed on their 

ability to identify these preconceived structures 

before being discarded as unsuitable, or applied to 

make sense of large groups of unknown material. 

Such analyses which make use of a 

preconceptualised internal group structure are common, 

as are those with an "off the shelf" reliance upon 

certain data handling methods whose applicability is 

assumed rather than tested. Too often, for example 

Wards method of cluster analysis is utilised on the 

circular grounds that it "is frequently used" and 

appears to give "good" results (Evans 85). It should 

always be borne in mind that a good result is not 

necessarily a correct one.. 

The most disturbing aspect of the preconceptual 

assessment methods of data handling is their tendency 

towards circularity. If you choose the methods and 
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variables for data handling on the basis of the group 

structure you expect, you stand a good chance of ending 

by definingthe groups you originally expected. 

. Looking more- broadly the dendrograms and 

scatterplots that comprise the most common analytical 

result summaries'can, in somewhat of an abstract light, 

be 'seen as artefacts themselves, (Gillings 89), upon 

which interpretations are made and inferences drawn 

regarding, past systems, see Fig. 2.8. The basic 

sequences by which they are formed are well 'known: 

sherds are excavated, '-sampled, analysed and the results 

are processed to give us our 'multi branched or 

scattered end product. What are of importance here are 

the rarely stated; - -decision dependant formation 

processes that can influence or dictate the form and 

circumstance of the "artefacts" and thus the inferences 

drawn from their study. 

, Looking in more detail, the first step in any 

analysis is the choice of samples from* the site 

assemblage 'of interest. -This naturally is one of the 

most crucial dictating factors in determining the final 

form of the resultant dendrogram. As has been stated, a 

level of interpretation has to be made and is 'often 

necessary to enable'a representative sample to'be drawn 

from the excavation derived sample of the total site 

assemblage. The quality of the analysis and 'therefore 

its results rests heavily upon the, quality of this 
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selection criterion. 

Once selected the sherds are taken and a 100mg 

sample is drilled. In effect this powdered sample is 

taken as representative of the sherd, which is itself a 

sample of the complete vessel, which is a sample of a 

single kiln batch, which is a sample of a season's 

production, which is in turn a sample of the total 

output over the life time of a kiln or workshop. 'As 

ultimately it is this final level- that we are 

attempting to characterise, the formation processes 

affecting the homogeneity of the ware and therefore, the 

assigned realism of the 100mg sample are of crucial 

importance. The forms of'such processes are plentiful 

and varied, ranging from the internal homogeneity of an 

exploited clay source to the size-of the hand of the 

particular potter adding a temper to a days batch of 

clay. The full list is a long and rarely scrutinised 

one. 

The implications these have for the analyst are 

mainly concerned with the decisions as to how many 

samples, at both the inter and intra sherd levels, 

constitute a representative sample of, the ware under 

analysis and the level of precision that has to be set. 

This is crucial as the more precise an analysis becomes 

the more*chance one has of simply separating individual 

batches from single kilns rather than differentiating 

the products of separate kilns. This notion of a "cut- 
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off", level is one which manifests itself over and over 

as data handling methodologies are looked at in more 

detail, . and the data set, the raw numbers, are 

interrogated to- reveal any inherent underlying 

structure. 

This interrogation processýis in the main part 

based upon the exploitation of a technique or suite of 

techniques of multivariate statistical analyses. There 

are many methods freely available but decisions have to 

be made as to which are best suited, to the, problem at 

hand. There are no rules to follow here only- "rough" 

guidelines. 

it is at this stage in the analysis that 

preconceptual influence rears its enigmatic head and 

too often it is the case that methods are simply tested 

against it. In some very well defined cases this 

approach is both acceptable and successfully- applied 

but if the picture is only a little hazy then it can at 

best generate a misleading set of results. ! ýn 

inappropriate method is applied to an unknown data set 

to enable inferences -to be drawn regarding , past 

systems. This -preconceptual distortion can then 

feedback quite easily into the initial -sample 

definition phase of the next set of analyses unless 

another has already taken its place.. 
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This notion of what has been 

termed "Preconceptual Analysis" can be illustrated 

using, for example, isotope ýstudies as applied to 

ancient marbles. A traditional specialist in the 

macroscopic study and classification of marbles 

instigates a research programme into the chemical 

analyses of sources of the raw material and artefacts. 

The initial results are very good with certain quarries 

clearly fingerprinted by the techniques used. When some 

artefacts are analysed and compared they are seen to 

group nicely with the identified sources. There is 

however a problem as three'pieces of marble are 'not 

grouped with the source the specialist expected. The 

analytical'result "feels" wrong and so the samples are 

classed as rogue and are removed from the analysis. 

When questioned the specialist states that more 

credence is given to the "feel" of the marble than to 

the analytical result set: in effect the analysis is 

being used only within the restrictions of a 'rigid 

interpretative frame whose directions'and joints are 

already firmly established. Positive feedback- is 

embraced whereas negative feedback is quietly 

discarded. 

Looking now more specifically at the material 

under study, the main problem, on'the data handling side 

is the absolute lack of site-group structures that can 
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be inferred realistically, (bar from vagaries in form) 

thus preventing an assessment of-the available data 

processing methods and a quick traditional end to the 

problem. This should at the same time be regarded as 

its main strength, as preconceptual influences will 

neither steer nor cloud the data analyses undertaken, 

giving results sets as free as possible from the taints 

of subjectivity. I 

This chapter is an attempt to establish a model 

for dealing with such non kiln specific data. The key 

concepts that are fundamental to the study are that the 

data processing techniques suggest possible 

simplifications of the data set dictated by their 

source algorithms, they do not give simple black and 

white answers. The main terms used here are "Objective 

comparative analyses" and "Interpretation based upon 

areas of agreement". 

The data used in this chapter, is derived from the 

site of Bearsden and comprises a postulated local ware 

group in a rather broad oxidised sandy fabric found in 

a range of anachronistical and interesting forms. As 

has been discussed in Section 1 the fabric is quite 

ubiquitous in the context of the excavated assemblage 

and it is on the basis of form that a sherd is 

allocated to the local ware group. 

The chapter takes the form of a stage by stage 

worked example of the data manipulation and aims to 
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resolve the questions asýto whether a group -actually 

exists and the limits of membership of any groups thus 

identified. 

. After the normalisation with- respect 

to Scandium. the first step in the data simplification 

process was a careful visual examination of the data 

set. The data set itself comprises a large number of 

repeat samples (homogeneity samples) from a set of 

eighteen "local ware" sherds. 

The first questions 

asked of the data were concerned with the normality of 

the distribution. There has been some, debate, as to 

whether elemental concentrations follow a lognormal 

distribution in ceramic samples (Pollard 82), as many 

of the statistical techniques used for the subsequent 

data processing are very dependant upon the form the 

data takes, for example Discriminant-analysis. Studies 

such as Pollard's and more, recently Spoerry's, have 

examined the data through the statistical moments 

Skewness and Kurtosis, which summarise respectively the 

symmetry and peakedness of a distribution. In each case 

the values aimed for were 0 and 3 respectively, the 

values associated with the normal distribution. 
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Both researchers found that the basic data sets 

were not normal and attempted to improve the normality 

by use of Logarithmic transformations. They found that 

such transformations offered very limited improvements 

and in some cases a worsening of the situation. The 

conclusions tended to suggest that the data sets were 

neither normal or log-normal and that little evidence 

exists to support the use of a transformation to 

improve the normality. It is however sensible for the 

least normally distributed elements to be excluded from 

subsequent analyses. 

Looking at the Bearsden ware the skewness and 

kurtosis values are presented in Table 2.4, where they 

are seen to fall in general within the limits defined 

around the normal by Pollard ie +1 to -1 for the 

skewness and +/-3 for the kurtosis. On the basis of the 

results of the studies outlined above the data set was 

not transformed. 

To conclude, the results of such analyses as 

Discriminant analysis are distorted by non-normally 

distributed data sets and it should be noted that those 

using transformed data sets usually find themselves 

using non-normal data (to greater and lesser degrees) 

for Discriminant analysis anyway (Spoerry 1989). It is 

hard to define an acceptable level of non-normality in 

this situation and very hard to achieve the ideal even 

using data transformations. 
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In this study the raw data was used with the 

problems of potential distortion borne firmly in mind, 

as - on the present evidence the processý of log 

transforming the data sets offers no real benefits for 

the refinement of the data processing analyses. 

The next stage in the visual examination 

process was to pose the question: "How great is the 

level of internal sherd elemental concentration 

variation and is this significant with respect to 

between sherd variations? " 

If the internal sherd homogeneity is seen to be 

less than that found between sherds then any subsequent 

analysis will give at best a meaningless and misleading 

set of rather arbitrary results. With any sample where 

the overall homogeneity is in severe doubt one is best 

advised to simply terminate the data analysis. 

What was required was a method of summarising the 

characteristics of a distribution, in this case 

elemental concentrations, looking primarily at the 

dispersion around the average value. This is best 

achieved by way of a variability index and the index 

chosen was the Coefficient of Variation (V) which 

combines the values of the standard deviation and the 

mean. 
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Std. Deviation x 100% 
Mean 

This comprises mathematically the soundest index based 

method (Davis 75) and is also the most reliable of the 

available methods, expressing the variation as a 

percentage of the average-value, thus enabling inter- 

distributional comparisons to be made. 

The local ware data set-was analysed by way of V 

both to identify potential-discriminating elements and 

to assess the levels of homogeneity. The first, step was 

to assume that the data comprised a single hypothetical 

group and the values of V were calculated for each of 

the sixteen elements. This served to identify the 

elements exhibiting the, greatest levels of variation 

and thus the largest potential discriminating power., 

The fact that a single site group is assumed is, at 

this stage, irrelevant as any internal sub-structure 

will simply manifest itself through very high values of 

V. The results are displayed in Table 2.5 along w#h 

the means and standard deviations for the 16 elements 

measured on the 36 samples analysed. 

The first obvious problem that manifests itself is 

the decision that has to be made as to what magnitude 

of V constitutes the line beyond which a significant 

variation is recorded. In effect a homogeneity "cut- 

off" level. Without a secure kiln waster group to 

analyse the only other option enabling an objective 
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assessment to be made was through looking at the 

natural clay source variations. 

Recent researchers in the field have put this 

variation as commonly falling between 5 and 8% (Mommsen 

et al 88) and taking an 8% variation around the mean-as 

representing the worst case scenario, a consistent 

value of a little over 11% was calculated for V. One 

could now simply ascribe any dispersion below this 

point to an acceptable level of variation and any above 

to something more sinister. Such an approach would be 

simplistic and inadequate as it stands, as it does not 

take into consideration any of the multitude of 

possible formation processes affecting the ceramic body 

in the time between manufacture and recovery. As 

mentioned in the introduction post depositional changes 

can have quite marked effects upon the measured 

elemental concentrations. For example, Calcium and 

Sodium can be leached out, Iron and Manganese can be 

deposited onto and the other Alkali metals can moye 

quite erratically within, buried, potsherds' (Freeth 

67, Beiber et al 76, Prag 74, Sayre et al 71). To 

compensate for any such effects without- a -reliable 

group of attestable data eg.! securely stratified kiln 

waste, is complex in the-extreme. With an unknown 

assemblage such as the Scottish material any large 

single sherd variations could just as easily be the 

result of an alien clay as a post depositional effect 
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upon the group clay. 

A further problem with the establishment of a cut 

off level was the lowering of the precision of-V with 

very small sample numbers, the between sherd values 

taken over 20 or so sherds being far more precise than 

the in sherd homogeneity estimates based commonly on a 

pair ofýrepeat samples. 

In this study the Coefficient of variation 

threshold was set rather arbitrarily at 15% but it is 

very clear that much more work needs to be done in this 

area in the simulation of pre, and post-depositional 

effects upon the elemental fingerprints of ýceramic 

samples. On the analytical side any contribution to, the 

established V threshold was discounted, as any random 

analytical counting, and processing errors should 1all 

well within this margin, measurement errors being now 

in general markedly smaller than in-sherd variations 

even, in the cases of-very homogeneous wares (Robinson 

1986). 

Now that a cut off level, had been established the 

next- stage in the analysis was to examine how the 

elements were distributed within the sherds analysed. 

To accomplish this V was used again although it should 

again be stressed that its precision- falls markedly 

with a reduction in sample numbers and that with only 

two, ý samplesi, as is often the case in homogeneity 

testing, - trends should be looked for rather than 
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differences to two decimal places. For this reason if 

the intra sherd elemental variation exceeded the inter 

sherd by a very marginal factor the element would not 

be instantly discounted. 

Table 2.6 shows that on the whole the homogeneity 

results are very good, with only a few elements showing 

a significant dispersion around the mean. What we are 

looking for are elements which show a high inter sherd 

variability with a low intra-sherd spread, ie. good 

discriminating elements. 

The results show Rubidium(Rb), Caesium(Cs) and 

Neptunium (Np - through which we measure Uranium) as 

showing the highest occurrences of-inhomogeneity with 

the rest of the elemental suite proving very 

homogeneous. If the elements traditionally regarded as 

unreliable, eg. Sodium, Tantalum and Yterbium had 

simply been excluded on the grounds of reputation then 

three potentially good discriminating elements would 

have been lost from the analysis. 

In analytical terms although one element alone may 

be enough to distinguish any pottery groupings (Catling 

and Millett 1965) : 

"The greater the content of information in the taxa of 

a classification and the more characters upon which it 

is based the better a given classification will bell 

(Sokal and Sneath 1973) 

The greater the number of variables present upon 
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which to base any multivariate analysis the better, as 

if you are trying to differentiate 2 known groups from 

one another one element may be sufficient, however in 

the situation where you do not know whether the groups 

exist in the first place the greater the number of 

variables the better. Looking in detail at the 

elemental results only those which show unreliability 

(through V) can be removed leaving as many as possible 

to participate in any further analysis. This is in 

direct opposition to the more standard approach of 

excluding elements on the basis of untested reputation. 

In this example three elements displayed unreliability, 

Rb, Cs and Np. Although none of these exceeded the 15% 

cut off in more than 50% of the analysed cases they 

were removed from any further analyses. 

Looking again at tables 2.5 and 2.6 the elements 

best suited to disoriminatp between any potential sub- 

groupings should display a high between sherd 

variability and a low intra sherd variation. 

The elements Sodium, Hafnium, and Tantalum best 

fulfilled these criteria and should alone be able to 

identify any sub groupings if present. 

The next stage in the analysis 

is to establish the extent, if any of correlation 

between the relative elements. If two or more elements 
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are correlated then the amount of added information 

provided by the measurement of these elements 

decreases. If elements are perfectly correlated then 

traditionally it is assumed that there is little to be 

gained from the measurement of more than one as they 

all essentially measure same dimension. 

Where data is highly correlated there is a real 

problem with the straight application of certain 

techniques of multivariate statistics commonly used in 

the simplification of data sets. 

The effect of correlations is to spread. out the 

elemental concentrations thus creating a high degree of 

overlap between potential groupings. With the example 

of Cluster analysis the effect can be seen in Figure 

2.9, (Robinson 86) where the technique overestimates 

the "volume of space" occupied by a group of ceramic 

samples and fails to separate discrete groups as a 

direct result of the distorting effects of the 

correlations. Cluster analysis does not cope at all 

well with correlated data and various modificatioAs 

have been proposed (Robinson 86) to compensate. The 

best of these uses the Mahalanobis distance measure in 

preference to the squared euclidean distance to define 

spatially the positions of the samples relative to one 

another. A much more detailed discussion of the 

methodology of Cluster analysis will follow later. 

As a further example the technique of Discriminant 
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analysis makes routine corrections for correlation 

effects but needs to have a priori knowledge as to 

which sample belongs to which group, as corrections 

based upon the whole population bear no relationship to 

those based upon the actual groups present therein. 

Accepting this restriction Discriminant analysis copes 

well with correlated data even though it requires some 

assumptions regarding the compositional nature of the 

data set to be made prior to compensation. 

It is clear then that some assessment must be 

made of the correlation effects present in the data 

before any further analysis can be undertaken. Far from 

being disposable, correlated elements can be used, if 

identified, in the statistical analyses to discriminate 

between groupings. 

Table 2.7 displays the calculated Pearson 

correlation coefficients for each of the elements in 

the analysis. Here any correlations above 0.5 and below 

-0.5 can be seen as significant. The results show that 

where 21% of the calculated values were over 0.5 only 

5% were over 0.6 which strongly suggests that the data 

set is not highly correlated and that the later 

statistical analysis steps could proceed using the 

standard unmodified techniques. 

The final stage in the 

visual analysis is to display graphically the samples 
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with respect to the good discriminating elements 

identified through the Coefficient of Variation. 

Figures 2.10,11 and 12 show respectively the graphs for 

Sodium*vs. Tantalum, Tantalum vs. Hafnium and'Sodium 

vs. Hafnium. 

The results are very interesting. The graph -of 

Sodium vs. Tantalum (fig. 2.10) showsýthe main body of 

the ware along with two outliers corresponding, to 

samples 22 and 23. The graph forýTantalum and Hafnium 

(fig. 2.11) once again identifies samples 22-and 23 as 

clear outliers but -this time along with a rather 

elongated group comprising samples 5, -17,31,34 and 35 

and close to the main, body samples 26 and 27. The final 

graph for Sodium and Hafnium (fig. 2.12) shows the most 

refined separation with sherds 22,23 and 26,27 forming 

discrete groups along with the elongated group 

identified in fig. 4 (5,17,31,34,35) clearly separated 

from the main body of the ware and joined by a small 

group containing samples 18,30. 

It would seem from this analysis, that the 

suggested local ýware group is comprised only of the 

samples making up the main graphical grouping with the 

samples identified by the Sodium and Hafnium. graph 

representing non-local sherds or sherds formed from a 

distinct and separate clay source. -The results'will be 

discussed in more detail at the end of the chapter. 

A further component of the graphical plotting 
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stage is to summarise the behaviour of the Rare Earth 

Elements by way of a saw tooth graph of concentrations, 

figure 2.13. This form of graphical fingerprinting can 

be a useful supplementary technique or main technique 

in the identification of discrete fabric groupings. 

Figure 2.13 illustrates the potential characteristic 

signature of the Bearsden local ware based upon the 

samples comprising the main group identified by figure 

2.12. If the subsequent data analyses refine this 

interpretation then the plot too can be refined. It 

should be stressed that this form of data analysis is 

only of real use at the inter site definition level and 

lacks precision unless very marked changes in the rare 

earth concentrations are observed. 

The visual 

examination phase of the data processing has served the- 

following purposes: 

Enabled an assessment to be made of the 

Normality of the data distribution. 

2. Assessed the elemental homogeneity both 

within and between the sherds sampled. 

3. Allowed 'reliable' and 'less reliable' 

elements to be identified. 
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4. Looked at the extent of correlation 

enabling further processing strategies to be modified 

if necessary. 

5. Provided a graphical insight into the data 

set structure which will be combined with the results 

of'the other data processing methods to enable reliable 

conclusions to be drawn from the analyses. 

The manual 

graph plotting exercise undertaken in the last stage of 

the analysis was undoubtedly useful, but what if the 

information of a third element was required on a single 

graph? A three dimensional scatter plot may have 

sufficed or if a conversion to percentages could be 

undertaken perhaps a ternary diagram. The problem 

really impactsýwhen a fourth or ideally all, thirteen 

elements are needed. Using a multituqe of graphs to 

illuminate the data trends makes an interpretation m6re 

difficult as there is no single plot which summarises 

the overall pattern. 

With this firmly in mind the next logical step was 

to employ techniques of multivariate statistical 

analysis to suggest possible simplifications of the 

data set. These comprise statistical techniques which 

make use of the entire data set in the establishment of 
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classifications. The basic theory was to use as many 

methods as were available to yield a set of results 

from which areas of agreement were sought enabling a 

high degree of confidence to be assigned to any given 

interpretation. 

This was applied at both the intra method 

scale eg. use of all cluster algorithms and at the 

inter method level. 

In the following chapter a brief methodology is 

given along with references for more detailed 

methodological discussions at the end of each technique 

specific section. The methodologies in each case will 

be carefully worked through and the results sets 

obtained will be analysed in the final stage of the 

chapter. 

Cluster analysis, is a 

technique designed so that when given a sample of In' 

objects each with a score on Iml variables it will 

provide a scheme for grouping-the objects into sets 

containing similar objects. 

The In' individuals are treated as points in a 

multidimensional space, which are slowly joined and 

merged to their most similar neighbours in that space. 

In this study the distance between the points has been 

measured in terms of squared Euclidean distance (for a 

detailed mathematical discussion see Manly 86). 'In 
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practical terms this is the most standardly applied 

measure for quantitative variables and enables an array 

of distances to be easily established. Other measures 

such as the Mahalanobis distance are more suited to 

specific situations as with the highly correlated data. 

The first step prior to analysis was to 

standardise the variables so that each element has a 

mean of 101 and a standard deviation of 111. This was 

undertaken in response to the fact that elements 'vary 

in their natural spread when calculating similarity 

distances, an effect'-which can lead to greater 

weightings arising for those with larger spreads 

(Robinson 86). Along with this the number of variables 

was reduced through the calculation of Principal 

Components, a standard step in routine cluster 

analysis. The effects of this summary will become clear 

in the Principal Factoring discussion later in the 

chapter. 

The exact method for establishing the relative 

"closeness" of the objects in the multidimensional 

space depends entirely upon the specific clustering 

algorithm -chosen. There are two main types of algorithm 

available, HIERARCHIC where the starting point is taken 

with every object representing a single group which are 

then merged by a process"of agglomeration to eventually 

form a single large grouping, and DIVISIVE where as its 

name suggests the exact opposite is true, with a single 
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large group comprising the starting point. 

The divisive techniques are by their very nature 

best suited for very large data sets therefore the 

decision was made, at this level of analysis, to 

concentrate upon the eight commonly available 

hi erarchical clustering algorithms. For a detailed 

discussion of the underlying theory of the technique 

see Wishart (Wishart 78). 

Now cluster analysis'is in essence an exploratory 

tool for helping to solve classification problems and 

it is best used when little or nothing is known about 

the structure of a body of data. As a practical method 

there are five basic points which should always be 

noted, although in the archaeological literature they 

seldom are: 

1. It is a tool of discovery that can 

simplify a data set and give an insight into any 

underlying structure present. It does not and cannot 

give an "answer" or "correct solution" to the questions 

posed. 

2. There are 8 algorithms available for 

hierarchical cluster analysis but no explicit rules as 

to which method is most applicable -in a given 

situation. As the different algorithms do not 

necessarily produce the same results on a given data 

set it is very hard to decide upon the exact method to 
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utilise. I 

3. Although the clusters obtained are formed 

by an explicit and objective procedure there is a very 

large subjective component in the actual choice of the 

number of clusters of particular interest. Figure 2.14 

shows clearly how two interpretations can be furnished 

from the same basic dendrogram. 

4. The clusters obtained- may be very 

sensitive to the particular choice of variables made, 

different combinations sometimes giving very different 

results. 

5. It should be borne in mind that the main 

mode of output presentation, the dendrogram, is by its 

very nature an inadequate two dimensional (some would 

even argue one dimensional) simplification of a hugely 

complex multidimensional situation (Christie et al 79). 

Traditionally a set of data of known group 

structure is taken and the selected algorithms are run 

to see which best reflect this structural pattern. It 

once again should be stressed, that this type of 

approach can 2nly- work on data sets where cases are 

very clearly distinct and reliable sub-group 

assignations are known. If any overlap is present the 

algorithms may never produce the desired solution 

leading to a subjective decision as to which "best" 
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reflects it. Therefore if any preconceptual taints are 

present in the original group partitioning this 

subjectivity will, simply be compounded. A recent 

example can be seen in the work of Evans (Evans 85) 

where a set of "known" data was used to identify the 

most useful algorithms for further application. None 

gave the predicted solution but no attempt was made to 

reappraise the validity of the original interpretation. 

There have been very few attempts at the 

establishment of a consistent methodology (Prag et al 

74, Wilson 78) and little work since that of Rand, 

Blashfield and Cunningham et al to establish an 

objective set of criteria for the evaluation of 

clustering methods (Rand 71, Blashfield 76, Cunningham + 

Ogilvie 72). As clustering methods produce clusters 

regardless of the presence or absence of "natural" 

structure within the data set, it is not satisfactory 

to use an "off the shelf" or subjectively tested 

algorithm upon which to base interpretations. 

, With these problems in mind the following 

methodology has been both established and adhered to 

throughout the duration of these analyses: 

1. All of the hierarchical clustering 

algorithm techniques are used to identify areas of 

agreement/disagreement in the resulting dendrograms 

upon which to base further interpretations. There is no 
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reliance upon a single method. 

2. Breaking graphs are used along with 

stopping rules to enable an objective assessment to be 

made of the significant cluster, cut off level. 

3. Inclusion of all of the available samples 

including homogeneity repeats, to act both as an 

internal test and to increase the precision of the 

analysis through increased numbers. 

Figures 2.15 to 2.22 display the cluster 

dendrograms coupled with breaking graphs for the eight 

hierarchical-algorithms analysed. Appendix, 2.1 contains 

a- sample key to relate the cluster codes back to the 

source sherds. To interpret the dendrograms take the 

vertical component as measuring the magnitude of the 

separation parameter and the horizontal linkage lines 

as showing the clustering order and hence the degree of 

similarity between the specimens. 

The-main objective of the analysis is to reproduce 

any underlying structure through the application of a 

clustering- strategy. If the structure is defined in 

terms of recognising sampled items as originating from 

specific multivariate populations then the use of a 

hierarchical algorithm requires a decision to be made 

as to which level or stage in the process best 

reproduces the underlying structure. -If the level is 

set too low then the structure is over partitioned ie. 
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complicated, whereas if it is set too highly it is 

simplified. Neither solution is satisfactory. 

It should be again noted that the level at which 

the optimum preconceived pattern emerges is not 

necessarily the level most reflective of the true 

underlying structure (fig. 2.14)-. 

With the Bearsden data two methods were employed 

to identify in as objective'a fashion as possible the 

underlying data structure if any was in fact present. 

The first made use of breaking graphs which comprise a 

simple graphical plot of the clustering coefficient (or 

separation -parameter) against the, number of clusters. 

Very sharp changes in the coefficient following periods 

of levelling (plateaus) are indicative of sudden jumps 

or drops in the separation parameter between cluster 

levels. These significant drops have been taken to 

identify break off points connected with significant 

cluster levels, Figure 2.23 shows a breaking graph in 

operation. 

. Although by no means entirely objective this 

method does remove a considerable, level of subjectivity 

from the analysis. With examples such as figure 2.17 

however its use is very limited as, any interpretation 

of such a breaking graph is in its own turn-subjective. 

To compensate for this a second method of level 

determination was used in conjunction with the breaking 

graphs. 
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This takes the form of calculated "stopping rules" 

for each of the algorithm results sets. The algorithms 

generate a vector Q where: 

9= (81, e2t**. eN-1) 

is the 

minimum euclidean error sum of squares at which fusion 

takes place in stage j and N is the number of objects 

in the, data matrix (Mojena 77). The stopping rules for 

identifying the level which "best" reflects the 

underlying structure are based upon the, behaviour of 

the vector 9. Since it is a monotonically increasing 

function then a significant increase from 9ýjý to ej+1 

suggests a fusion which should not have taken place. In 

effect the stopping rules define explicitly what is 

meant by a "significant" change in the clustering 

criterion. 

Two stopping rules were used in this study : 

1. Rule one selects the partition 

corresponding to the, first stage j, j-l,... N-2 

satisfying ej, j >9+ Kse where 0 and s represent 

the mean and-standard deviation of the distribution of 

N-1 values and k represents the standard deviate. This 

is a simple rule which predicts N-j clusters as best 

for the first Oj+1 which satisfies the rule. 

2. Rule two is a little more complex treating 
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fl as a quality control series with a linear trend and 

selects the partition corresponding to the first stage 

j, j-n, n+l,.... N-2 satisfying: 

ej+l > ej > Lj > bj > ksj 

Where n is 

the number of items in a moving average, ej is the 

moving mean in stage j, Lj is the correction for trend 

lag in stage ji bj-is the moving least'squares, slope in 

stage j, k is the standard deviate and sj the moving 

unbiased estimate of the population standard deviation 

in stage j (Mojena+Wishart 80). 

In each case if no significant change is seen then 

no structure is assumed and the optimum number of 

clusters suggested is one. 

Evaluations of the methods have tended to suggest 

that although method two is statistically far superior 

to method one it does not perform as well in practice. 

Here both have been used along with the breaking graphs 

to facilitate a dendrogram interpretation based upon 

the areas of agreement approach advocated in the 

introduction (For a much more detailed discussion of 

the mathematics-of stopping rules see Mojena 82). 

The stopping rule details are presented in tables 

2.9 to 2.16 along with table 2.8 which shows how 

practically the data is utilised. In this example the 

output is broken into blocks as indicated: High, 

Medium, Low and Very Low. As well as looking at the 
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highest deviate eg. level 1 on the plot, it is often 

useful to look at the intersections between the blocks 

to identify significant changes if present eg. at level 

2 and to some extent 3 relative to the highest deviate 

(level 1). This approach is the one adopted in this 

study to iden tify cluster levels of interest from the 

stopping rule data. The information thus gained is 

combined with the results of the second rule 'and the 

breaking graphs to enable interpretative decisions to 

be made. 

The first thing that is 

obvious from a perusal of the dendrograms'is that the 

different algorithms produce very different looking 

dendrogram forms from the same basic data set (ie. with 

elements Rb, Cs and Np removed). Here each of the 

algorithms is briefly looked at along with its result 

set, the results are presented in total in table 2.18: 

Nearest Neighbour: 

The nearest neighbour or single 

linkage method defines the similarity between clusters 

as the highest similarity coefficient between two 

individuals, one from each cluster. In practical terms 

the method finds straggling clusters but 
-in 

general 

fails to partition large populations due to a tendency 

towards cluster chaining, ie. where the clusters run 
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together to form a single large grouping. The results 

for the Bearsden ware show this chaining effect clearly 

where the majority of the dendrogram is comprised of a 

single large grouping (fig. 2.15). The breaking graph 

along with'the two stopping rules (table 2.9) suggested 

that, the 3 cluster level was most significant along to 

a lesser extent with the 2 cluster level. This 

furnishes an interpretation where samples 22,23 form an 

outlying group along with sample 5. The remainder of 

the samples appear to form a single large grouping. 

The furthest neighbour or complete 

linkage method uses the smallest single similarity 

coefficient between two individuals originating from 

different clusters, and is useful for finding 

spherically shaped clusters. The main problem 

associated with this method is its tendency to produce 

rather irregular results as the similarity coefficient 

is only calculated for two individuals and no measure 

is made of the group structure. The dendrogram 

(fig. 2.16) shows none of the characteristic chaining 

effects associated with the-nearest neighbour algorithm 

and the stopping rules (table. 2.10) and breaking graph 

are in close agreement identifying the 2 cluster level 

as significant. This has the effect of splitting the 

sample population into two large groups. 
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The group average or average linkage 

method uses the average of all of the similarity 

coefficients for pairs of individuals, one from each 

cluster. As a practical method it tends to find 

spherical clusters, is regarded as "well behaved" 

(Wishart 78) and represents one of the first attempts 

to cope with group structure. The dendrogram (fig. 2.17) 

in light of the stopping rules and breaking graph has 

significant breaks at the 4 and 2 cluster levels with 

the most significant falling at the four cluster level 

(through the increased gradient indicated by the 

breaking graph). This has the effect of isolating 

samples 5 and 26 along with the pair 22,23 from the 

main body of the ware comprising a single large group. 

This method obtains the coefficient value 

through the centroid or mean vectors for the clusters 

and produces results which suffer from the 'chaining' 

syndrome although to a lesser degree than in the single 

linkage example. The breaking graph and stopping rules 

identify the 4 cluster level as most significant for 

this dendrogram (fig. 2.18) which furnishes a result set 

identical to that identified for the Group average 

algorithm. 
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This method utilises a transformation 

proposed by L. L. McQuitty (see Wishart 78 for details) 

to establish the similarity coefficient and is once 

again a method prone to chaining when faced with large 

sample populations. The resulting dendrogram (fig. 2.19) 

can, from analysis of the stopping rules and breaking 

graph, be interpreted at two cluster levels, the 2 

cluster level where only sample 26 is isolated from the 

main body of the ware and the 4 cluster level which 

although not as marked as the 2 cluster separation is 

still significant with respect to the remainder of the 

cluster groupings. In situations such as this the 

decision has been taken to interpret at the level most 

indicative of group structure, in this case the 4 

cluster level which gives a solution identical to that 

for the Group average method. 

The median or weighted pair group centroid 

method defines the distance between any cluster X and 

the cluster resulting from the fusion of clusters Y and 

Z as the. distance from the centroid of X to the mid 

point of the line joining the centroids of Y and Z. 

Once again this method tends to chain when faced with 

large populations. The resulting dendrogram (fig. 2.20) 

is much more confused than those for the other 
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algorithms and the corresponding breaking graph is much 

more erratic. As with the McQuittys example at the 2 

cluster level sample 26 is isolated whereas at the more 

structured 4 cluster level the Group average solution 

is reflected. 

Wards: 

This method is regarded as "possibly the 

best" (Wishart 78) of the hierarchical methods and is 

frequently the only method used in Archaeological 

studies although it it purportedly finds good but not 

necessarily optimal partitions (Mojena 77). The error 

sum of squares is taken to assess the the similarity 

where this is taken as the sum of the distances from 

each individual to the centroid of its parent cluster, 

combining clusters whose fusion results in the smallest 

increase in the error sum of squares. This method as 

stated is the"most widely used even though it can 

sometimes prove very ineffective eg. Evans (Evans 85). 

The dendrogram (fig. 2.21) can once again be interpreted 

at two levels as suggested by the stopping rules and 

breaking graph '-and these are at the 2 and 4 ! cluster 

stages. As for the other examples the 4 cluster level 

has been taken as significant yielding - an 

interpretation whereby sample pair 22,23- is isolated 

from the main body of the ware which is split into- 3 

groups. 
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The flexible beta method bases the 

similarity coefficient upon a transformation proposed 

by G. N. Lance and W. T. Williams in 1967 which utilises a 

preset variable called beta to facilitate analysis. 

When beta takes the suggested value of -0.25 as adopted 

in this study the algorithm behaves very reliably in a 

similar fashion to wards method. The dendrogram 

(fig. 2.22) can once again be interpreted at two levels, 

here at the 2 and 3 cluster divisions. Looking at the 

three cluster interpretation the sample pair 22,23 are 

isolated from the main body of the ware which is split 

into two almost equal sub groupings. 

The final method used was a 

supplementary procedure known as relocate which was 

applied to the Wards algorithm. Starting with a 

classification of the population of N objects into K 

clusters relocation scans are performed whereby each 

object is taken separately and its similarities 

computed for all clusters. The population is scanned 

repeatedly until no objects are relocated in a given 

scan thus signifying that a global optimum has been 

achieved. In effect the procedure identifies cases 

which were-assigned into clusters-at an early stage and 

trapped there regardless of how the cluster structure 
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subsequently changes. To check that a global optimum 

has been achieved the analysis was repeated using a 

random assignation of samples to clusters which was 

then compared to the Wards input solution. The results 

are presented in table 2.17 where it can be seen that 

the solutions were identical suggesting that a global 

solution had been achieved. The only difference in the 

results set as compared to that obtained directly from 

Wards method is in the position of samples 4 and 6 

which are moved between clusters, the implications of 

this will be discussed in more detail in the final 

results summary phase. 

, The results of the respective 

algorithms are presented together in Table 2.18 and the 

first obvious factor is the presence of very strong 

areas of agreement between the algorithms used. 

Although the forms taken by the dendrograms seem very 

different, when the correct levels are studied the 

similarities become much clearer. 

The following factors emerged from the study of 

the results sets: 

1. All of the methods with the exception of 

the furthest neighbour isolated sample pair 22,23. 

2. Wardsý method partitioned the ware into 

three groupings. 
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3. Furthest neighbour and Flexible beta 

methods found only two groupings. 

. 4. The remaining algorithms found no ware 

group sub-divisions. 

The following facts were also clear, of the five 

methods suggesting no sub-division all but nearest 

neighbour found sample 26 as an outlier. The result for 

those groups can then be summarised as: 

(LOCAL WARE) (22,23) (5) (26) 

The 

three group example (Wards) identifies two main groups 

of almost equal size, a third smaller grouping and the 

22,23 outlier: 

(GROUP 1) (GROUP 2) (GROUP 3) (22,23) 

The two group examples merge groups 

1 and 3 as identified by wards method into a single 

group and switch samples 1 and 4 from group 1 to 2. The 

summarised result is: 

(GROUP 1) (GROUP 2) (22,23) 

The question instantly poses itself as to which of 

the possible solutions best reflects the true nature of 

the data set? Does the main body of the ware form a 

single group or can it be sub-divided and what is the 
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status of samples such as 5 and, 26? 

Looking again at the nature of the respective 

algorithms could the single large grouping 

interpretation simply be the product of the chaining 

tendency of some of the methods ignoring structure or 

is the multi group solution the exact opposite with 

structure seeking methods finding structure where none 

exists? As has been stated all cluster analysis 

produces clusters regardless of the underlying 

structure. 

As one non-chain susceptible method gave a single 

group solution such an explanation is not so 

straightforward. 

Before any archaeological interpretations-c 
I 
an be 

made it must be established whether the results sets 

are true reflections of the underlying data structure 

or simply the products of the tendencies of the 

algorithms themselves. To resolve this dilemma we must 

move on to the next stage in the multivariate data 

processing. 

One final stage of the cluster analysis was to 

test the effect of the previously, identified 

'unreliable' elements upon the analysis. The procedure 

was run again and the results summary is presented in 

table 2.19. The results are very similar to those 

obtained from the 'treated' data set with the exception 

of samples 36 and 26,27 which are identified as 
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possible outliers and the frequency and composition of 

the third main ware sub-group. Although subtle these 

changes are enough to greatly alter the final 

interpretation of the sample population as a whole and 

serve to stress the importance of the rpmoval, of such 

variables before the data analysis can be undertaken. 

Discriminant-analysis is 

a tool most useful when it is necessary to distinguish 

statisticallyý between two or more -groupings. The 

mathematical objective of the technique is to weigh and 

linearly combine discriminating variables (in this case 

elemental concentrations) in some way to force the 

chosen groups as far apart spatially as possible. 

The technique combines , the discriminating 

variables into one ýor more combinations called 

Disnriminant Functions which can be regarded as axes of 

a geometric space and are used to look spatially at the 

relationships between the identified groups. Looking at 

the potential discriminating variables by means of a 

stepwise-procedure the list can be whittled downi with 

the best discriminating variables being added to the 

analysis one per step until the remaining-variables do 

not contribute to any further increase in the potential 

discrimination. 

This enables the identification of 
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discriminating elements to be made along with an 

assessment of their relative contributions. The data is 

displayed in the form of a series of scatterplots which 

take the groups suggested by the cluster algorithms and 

attempt to separate them through the discriminant 

functions calculated. The method used here to decide 

criterion for the selection of variables for inclusion 

in the analysis is the stepwise method using Raos V, a 

generalised-ý distance measure where the variable 

selected at any given stage is that contributing the 

largest increase in V when combined with the previously 

selected variables. This method amounts to the greatest 

overall separation possible. 

One problem that arises with discriminant analysis 

is concerned with-, the distribution of the data set. The 

method assumes that within groups the data follow 

multivariate normal distributions, where this condition 

is not met the technique can be badly upset. The cause 

is- not lost however as this does not mean that the 

analysis is a wasted effort as it may provide very good 

discrimination on non-normal populations, problems 

arise when the significance of the results is 

questioned as this may be complex to establish (Manly 

86). Bearing these problems in mind the method was 

applied as in similar strictly non-normal studies 

(Devereux 88 and Spoerry 89). 

The results as presented show the scatterplot 
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along with the Standardised Canonical Discriminant 

Function Coefficients (s. c. d. f. coefficients), the 

stepwise summary table and the list of canonical 

discriminant functions. The scatterplot itself displays 

the spatial separation of the groups upon the first two 

discriminant functions and it is important to examine 

the relative scale magnitudes when intercomparing 

plots. The s. c. d. f coefficients show the relative 

contributions of the elements to each of the calculated 

functions (NB. the sign is ignored) thus enabling the 

identification and an assessment of importance to be 

made regarding the elements contributing to the plot in 

question. The summary table shows the order of 

inclusion of the elements to the analysis before the 

calculated addition to the Raos V becomes insignificant 

and the effect of the specific variables upon the 

generalised distance measure. The final table gives the 

canonical discriminant functions derived and here-it is 

the eigenvalues which are of interest. The eigenvalue 

is a measure of the relative importance of the 

function, with the sum of the eigenvalues measuring the 

total variance existing in the discriminating 

variables. The percentage of variation column expresses 

each eigenvalue as a% of the total sum and acts as a 

reference as to the relative importance of the 

associated function. The wilks lambda is an inverse 

measure of the discriminating capability of the 
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original variables not yet removed by the discriminant 

functions, so the larger the value it takes the less 

information there is left in the remaining elements. 

This lambda can be transformed into a chi squared 

statistic for a simple test of the statistical 

significance if so desired but here the distorting 

nature of the non-normal data set should be borne in 

mind. 

Looking again at the results of the cluster 

analysis the main questions posed of the discriminant 

analysis were as follows: 

1. Is the main body of the ware a single 

group, two groups or three groups? 

2. Are samples 5,26 and 22,23 outliers to the 

main group (s) ?1 

3. If a two group solution arises for 

question one, in which group (1 or 2) do samples 1 and 

4, belong? 

To answer these questions two 

discriminant analyses were undertaken. The first split 

the sample population into the four groups identified 

by wards method of cluster analysis: 

GROUP 1: (1,4,6,2,3,15,11,16,13,12,14,19,36) 

GROUP 2: (7,8,10,20,28,29,21,32,33,9,27,24,25,26) 

GROUP 3: (5,17,18,30,31,34,35) 
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GROUP 4: (22,23) 

, The resulting scatterplot can 

be seen in-figure 2.24, a sample identification chart 

is presented in table 2.20. The most important factor 

here is the considerable overlap between groups 1 and 2 

resulting in them not being distinguished as separate 

' This is in contrast to groups 3 and 4 which are groups. 

clearly defined as separate entities. The main 

separation parameter here appears to be discriminant 

function 1 and perusal of the s. c. d. f. coefficients 

(table 2.21) shows, this to be dominated by Sodium and 

Lanthanum with Tantalum, Protactinium (through which we 

measure the element Thorium) and Chromium dominating 

the second function. These functions account for 95.61% 

of the total variance in the analysis. 

This result suggests that in answer to question 1 

the main body of the ware is split into two groups 

comprising groups 1+2 and group 3. -As groups 1 and 2 

have combined question 3 is now no longer valid. 

To answer question 2 the analysis was repeated 

with samples 5 and 26 introduced as separate groups (5 

and 6 respectively), to ascertain whether they could 

justifiably be regarded as outlying sherds. ' The 

resulting scatterplot is given in figure 2.25 with the 

associated details in table 2.22. Once again the main 

groups fail to separate whereas groups 3 and 4' are 

clearly distinct. As for the two possible outlier 
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groups sample 5 is well separated from the main body of 

the ware, however sample 26 falls comfortably within 

the boundaries of the central grouping. In this 

analytical run discriminant function 1 was dominated by 

Sodium and Chromium with Lanthanum the largest factor 

in function 2. In this instance the two functions 

comprised 85.08% of the total variance. 

It is reassuring to see two of the three elements 

identified by the Coefficient of variation as 'good 

discriminators', Sodium and Tantalum featuring 

significantly in the multivariate analysis. 

The results of the discriminant analysis would then 

suggest the following interpretation of the cluster 

result set: 

(MAIN WARE GROUP) (17,18,30,31,34,35) (22,23) (5) 

The relocation procedure confusion over samples 4 

and 6 can now be explained as these samples are the 

homogeneity brothers of sample 5 which would suggest 

that sample 5 is in fact an outlier due to a sampling 

or experimental error rather than distinct clay matrix. 

The distorting influence of sample 5 would explain the 

relocation of samples 4 and 6 from group 1 to group 3. 

If only two samples of the original sherd had been 

taken it would not have been so straightforward to 

identify sample 5 as the result of experimental error. 

It will be interesting to examine the result in the 
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context of the thin section study as sample 5 could as 

much be the result of crude clay mixing as experimental 

inconsistencies. With this in mind the above result can 

be refined by the removal of the "rogue" sample 5: 

(MAIN WARE GROUP) (17,18,30,31,34,35) (22,23) 

The next stage in the data processing procedure 

was to apply a further mode of analysis to the data set 

to yield a further independent result set. 

Factorý analysis 

is 'a data reduction technique, of multivariate 

statistics, where given an, array of correlation 

coefficients for a variable set, the technique looks 

for some underlying-pattern of relationships (if in 

existence) to enable the data to be reduced- into a 

smaller set of factors or components. These summary 

components may then be regarded as source variables and 

used to view interelations in the data set. The 

technique -of principal components through factor 

analysis is useful in exploratory, confirmatory and 

measurement roles although it is only the former that 

is of interest here. 

Factor analysis has been interpreted as more of an 

"art", than any of the other data processing methods 

used and is certainly much more subjective (Manly 86) 

as classically it is based upon the assumption that 
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observed correlations are the result of some underlying 

regularity in the data. To overcome this a special 

technique known as Principal factoring or Principal 

components analysis was utilised in this study where 

= assumptions need be made regarding the underlying 

general structure of the variables. 

The method is very straightforward and involves 

the combination of p variables Xl, X2,,.. Xp to produce 

a set of indices which are uncorrelated and thus 

measure different dimensions of the data set. The 

indices are structured so that the first displays the 

largest amount of variation, the second the next 

highest and so on. The output takes the form of 

scatterplots of the relevant factors or components and 

a series of plot related tables. 

Table 2.23 displays the initial statistics table 

and the scree plot for the Bearsden analysis. The 

initial statistics table, contains the calculated 

factors in order of descending importance. As with the 

discriminant analysis the eigen value is important as 

it can be interpreted as the amount of explained 

variance, showing clearly which factors contribute most 

to the identification of underlying data structures. As 

an aid to interpretation of the significant number of 

factors, the scree plot functions in exactly the same 

manner as the cluster breaking graph. In the case of 

this analysis the plot (table 2.23) suggests the three 
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factor level as significant and hence three factors are 

examined through their graphical display. 

Regardless of whether inferred as in classical 

factor analysis or defined as with principal 

components, the exact factor structure configuration is 

not unique. There are many statistically equivalent 

ways to define the underlying data dimensions. To 

compensate for this the factors can undergo a ROTATION 

procedure whereby the provisional factors 'are 

transformed to find new factors which are easier to 

interpret. This difficulty in interpretation arises 

because the first factor extracted tends to be general 

(ie. loads significantly on every variable) whereas any 

remaining factors are bipolar (where half have positive 

loadings and half negative) which are very hard to 

interpret. An orthogonal rotation was performed whereby 

the new factors like the originals are uncorrelated 

(this is opposed to oblique rotation strategies which 

result in correlated factors). 

Table 2.24 contains the factor matrices 

for the original and rotated factors, where the 

loadings represent the regression coefficients of the 

factors describing each of the variables. For example 

with Yterbium the most important determinant is factor 

I therefore the variable can be said to load 

significantly on a single factor- and thus have a 

factorial complexity of one. When the factorial 
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complexity is two or more eg. Tantalum and Iron, the 

"meaning" of the variable becomes complex as -it 

measures more than one theoretical dimension hence the 

need for matrix rotation. The rotated matrix ýis 

interpreted in exactly the same way. In each case to 

calculate the variance of a variable accounted for by a 

specific factor simply take the (factor loading )2 and 

x 100 to obtain the percentage variance. 

The resulting scatterplots for the three 

components are presented in figures 2.26-28, a sample 

identification key is presented in table 2.25. The 

information in table 2.23 shows that three factors are 

deemed significant and that these factors account for 

71.5% of the total variance. In table 2.24 the rotated 

factor matrix shows the factor loadings of the 

elemental concentrations enabling an identification to 

be undertaken as to which load most significantly upon 

which factors. In this case Sm, Tb, Eu, Fe, Cr load 

significantly upon factor 1, Pa, Ce, Ta, La, Yb upon factor 

2 and Hf, Co, Na upon factor 3. 

Figure 2.26 displays the scatterplot of principal 

components 1 vs 2 and the result is a verv spread 

grouping taking in the majority of the samples along 

with two points clearly defined as forming a separate 

group. These points correspond to samples 22 and 23 and 

this would suggest that the data set took the form: 
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(AMORPHOUS MAIN WARE GROUPING) (22,23) 

Figure. 2.27 displays the scatterplot for the 1st 

and 3rd components and here the result is even more 

amorphous with the sample points spread across the 

scatterplot making any valid interpretation very 

difficult. 

Figure 2.28 displays the scatterplot for the 2nd 

and 3rd components and provides the clearest group 

definition and separation of all of the plots. Here 4 

groups are defined: 

(MAIN WARE GROUP) (4,6,17,18) (5,30,31,34,35) 
(22,23) 

Along with a possible outlying sample in the form 

of sample 36, although like samples 4 and 6 relative to 

the other group separations these samples are very 

close to the main body of the ware. - 

RESU S SUMMARY! 

To sum up the analysis, results have been gained 

from the following methods of data analysis: 

1. Graphical assessment (very crude). 

2. Cluster + Discriminant analyses. 

3. Principal Factoring. 

The results sets gained from these analyses can be 

summarised as follows: 
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METHODýl: (MAIN WARE) (5,17,31,34,35) (18,30) (26,27) 
(22,23) 

METHOD 2: (MAIN WARE) (17,18,30,31,34,35) (22,23) 

METHOD 3: (MAIN WARE) (4,6,17,18) (30,31,34,35,5) 
(22,23) (36) 

From the outset 

base all interp 

agreement/disagreement 

With the removal of 

subsequent distortion 

results set appears: 

of the analysis the aim was to 

retations upon areas of 

in the result sets furnished. 

the "rogue" sample 5 and the 

effects on samples 4 and 6 the 

METHOD 1: (MAIN WARE) (17,31,34,35) (18,30) (26,27) 
(22,23) 

METHOD 2: (MAIN WARE) (17,18,30,31,34,35) (22,23) 

METHOD 3: (MAIN WARE) (17,18) (30,31,34,35) -(22,23) 
(36) 

As can be clearly seen the areas of agreement 

between the techniques are excellent, the only 

disagreement arising over sample 36 which like samples 

4 and 6 sits very close to the main ware group in the 

principal component scatterplot and the sample pair 26 

and 27 identified by the graphical plot, the crudest 

technique, making use as it does of only two elements 

out of the suite available. As the relative position of 

sample 26 had been questioned and studied by the 

discriminant analysis the decision was made to 

incorporate the sample pair identified by the graphical 

plotting into the main group as advocated by the 
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multivariate analyses. The same was true of sample 36 

whose close spatial proximity to the main ware group in 

the principal components plot suggested that it was a 

member rather than a discrete entity. This enables the 

following results group for the Neutron Activation 

Analysis to be established: 

(MAIN WARE GROUP) (17,18) (30,31,34,35) (22,23Y 

Based upon the areas of agreement identified in 

the above results sets. As will be discussed in more 

detail in Section 3 this represents 8 pair samples from 

4 sherds lying outside the main ware identifier group. 

The final stage 

of this chapter is to present the methodology utilised 

here as a potential model for the analysis of non kiln 

specific site data and more generally as a "good" 

approach to objective routine analysis. The aim was to 

remove as much subjective and preconceptual clouding as 

possible from a task fraught with more potential 

analytical pitfalls than are commonly to be found in 

the more traditional methodologies leading to sample 

provenance. The model is presented in figure 2.29. 

To sum up, the important underlying "points" of 

the chapter are that there are n. Q short cuts and that 

for data simplifications to be reliable a multitude of 

techniques should be used in a structured manner giving 
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areas of agreement and disagreement upon which to base 

the final interpretation of the data set. 

As can be seen there is no single "best" or "most 

correct" data processing method, each technique has its 

strengths and weaknesses, for example it is clear that 

discriminant analysis is a very powerful tool yet great, 

care must be taken as it is very dependant upon the 

quality of the groups assigned to it. The use of 

discriminant analysis alone must be approached with 

great caution. With the example of Principal components 

analysis through factoring, the main problems lie with 

the results presentation and the subjective decisions 

as to how spread a "group" has to become before it can 

no longer be regarded as a distinct group. Like cluster 

analysis its strengths lie in its ability to analyse a 

completely unknown data set about which no inferred 

knowledge is assumed. 

It is only through such a process of independent 

assessment and result comparison that reliable 

inferences can be made from the material under 

analysis.. 
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This chapter is concerned with the 

mathematical processing of data derived from the 

textural analysis of groups of sherds, deemed to be of 

local manufacture. The data set by its very nature is 

different from that obtained through chemical analysis 

and accordingly the methods utilised for the 

illumination of any inherent data structure -are 

different in part from those employed in Chapter 2.4. 

The most obvious difference is in the nature of 

the acquisition of the data. Unlike the situation with 

NAA data, conditions have to be met before the textural 

analysis is undertaken and thus by implication it is 

based upon some prior knowledge of the material under 

analysis. As stressed by Darvill and Timby textural 

analyses are comr)lementarv to the more standard 

Petrological studies,, they are not alternatives to it, 

as would be a program of chemical analysis for example. 

Textural analysis is-. not descriptive except in a 

statistical sense and some doubt has been expressed as 

to whether alone it can lead to the identification -of 

potential production centres. 

There is some similarity of-approach with the NAA 

data processing procedure in that once again a suite of 

methods are available for the analysis of the data. 
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However, in the case of textural analysis the more 

objective and precise methods are much less developed 

in terms of basic application, examples being the Skew 

log Laplace work of Fieller and the logratio 

transformations of Aitchison (Aitchison 86, Fieller 87. 

It is also the case that clear levels can be discerned 

amongst the techniques available, one very generalised 

(low precision) and one more specific (high precision), 

between which the methods are split. 

As with the chemical data there is no "correct" 

answer against which to assess the methods and, any 

comparison to the NAA result set instantly relegates 

the Petrological study to a secondary "confirmatory" 

role whose form is likely to be dictated by the 

chemical results-. No matter how objectively the NAA 

data processing was carried out it is still, in the 

context of this study, a backward step to assess the 

results of the petrology against it. 

The problems of the non kiln specific site data 

set once again lead to an "areas of agreement" result 

assessment approach as for-the chemical analysis data 

and once again the aim of the exercise is to establish 

a practical methodology whilst minimising the effects 

of preconceptual subjectivityý The basic structure of 

the section is the same as for the chemical analysis, 

the basic nature of the data set is examined and 

various data analytical methods are applied to give a 
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range of results from which substantive conclusions can 

be objectively drawn, with a high degree of confidence. 

Once again the so called Bearsden local ware is used 

as an illustrative worked example. 

The basic grain size 

measurement procedure undertaken produces a raw data 

set which is then grouped into a series of size 

classes, the basic Grain Size Distribution. The size 

value for each of the individual grains is the diameter 

of a circle of equivalent area, the previously 

discussed "dCircle". and all references to grain size 

are to this value. 

The first step in the data processing is to decide 

whether to use the data directly or 'raw' or whether to 

undertake a transformation. The most common 

transformation available is derived from Sedimentary 

Petrology and takes the form of a conversion to "Phi- 

units" where: 

Xm 1092 (X) 

This 

procedure is commonly undertaken (Darvill and Timby 

1982) and serves two purposes: 

I., To condense down the size variation. 

To bring the grain size distribution 
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closer to the normal distribution. 

Although important in geological terms where sizes 

can vary greatly the first point has little validity in 

the archaeo-ceramic sphere, where grain size commonly 

sits within the "sand" limits. The second point is more 

important and an assessment was made of its 

effectiveness by Leese (Leese 1982)-. She found that the 

transformation did not appreciably improve the 

normality of the distribution, in most cases actually 

worsening it, a situation neatly paralleled by the work 

on chemical analytical data undertaken by Pollard and 

Spoerry. 

In conclusion Leese stated that "The most direct 

description of the size distribution is in terms of the 

actual quantity observed and not a mathematical 

transformation of it" and this has been the approach 

(as with the Chemical data) adhered to in this study. 

As well as the grain size distribution, textural 

analysis through point counting also yields an 

assessment of the %quartz relative to the clay matrix. 

This is very important as the size distribution is 

based upon a measurement of c. 150 grains and regardless 

of the relative frequency of occurrence, all of the 

samples have the requisite number of grains measured. 

It is quite possible for two sherds to have a very 

similar grain 'size distribution with very different 

relative percentages of quartz in the matrix. Although 
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in radical cases this can be seen in the visual 

examination phase it is very hard to clearly quantify a 

15% quartz with a 25% quartz matrix. This facet must 

always be borne in mind. 

The data processing methods 

utilised here can be broken down into three groups, 

those who: 

1. Compare numeric summaries and descriptions 

of the data set. 

2. Compare distributions directly. 

3. Employ multivariate analytical techniques. 

The chapter is broken down into three sub headings 

in which each of the data analytical approaches is 

studied in detail using the Bearsden worked example. 

DATA SU144ARIES: 

This is the traditional form in which 

the statistical treatment- of grain size data is 

undertaken (eg. Streeten 82) and is based- upon the 

calculation of the first four sample moments: ý 

1. MEAN - Mean grain size. 

2. STANDARD DEVIATION - Spread of grains over 
classes. 
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3. SKEWNESS - Symmetry of distribution. 

4. KURTOSIS - Peakedness of distribution. 

There 

are two distinct methods available for the calculation 

of these moments. The first is based upon the standard 

statistical formula while the second makes use of a 

graphical method - the Folk and Ward estimates, which 

are based upon a graphical estimation of the 

quartiles. The use of such graphical moments is common 

(eg. Hamroush et al 83), for a summary and the relevant 

mathematical formulae see Leese (Leese 83). 

A comparative survey undertaken by Leese showed 

that on repeat homogeneity samples the first two 

moments behaved consistently ie. stable at the intra 

sherd level, whereas the third and fourth moments 

showed dramatic variations both in the statistical and 

Folk and Ward estimates. Leese advocated the use of the 

first two moments only, calculating the moments through 

the traditional statistical methods for convenience. 

The question of whether or not to use the graphical 

estimates in this study was resolved by Fieller 

(Fieller 87), who highlights doubts as to the basic 

statistical validity of the Folk and Ward method. The 

results for the four moments are given in table 2.26. 

Figures 2.30 and 31 show simple graphical plots of 

the lst vs. 2nd and 3rd vs. 4th statistical moments. 

The mean and standard deviation graph shows a 
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very spread grouping with three isolated samples: 

(MAIN GROUP) (2,8,9) 

It is 

clear from the very large spread of values that any use 

of the first two moments is limited, in provenance 

terms, to situations where very general comparisons are 

sought, as if the Bearsden example is typical then 

severe inter-group overlap can be expected. 

The graph of skewness and kurtosis shows a very 

high degree of correlation between the moments, with 

once again a very large spread of values forming a main 

"grouping" along, with a small cluster of outlying 

sherds: 

(MAIN GROUP) (2,9,16,19) 

Bearing in 

mind the unreliability of the moments at the intra 

sherd level it is very hard to assess the validity of 

the suggested interpretation. 

The large spread of values in each case emphasises 

the general and crude nature of these summary 

techniques and brings into question their ability to 

differentiate on an inter site level through possible 

group overlap. 

A much more rigorous examination procedure was 

needed to identify more precise distinctions between 

the sherd samples and ultimately sherd groups. 
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The last step in the summary stage of the analysis was 

to look at that facet of the sherds quartz component 

not taken into consideration by the grain size 

distribution, the actual percentage of quartz relative 

to the clay matrix. Figure 2.32 shows a histogram of 

the calculated values. 

The histogram shows a clear separation into low 

(9-12%) and high (14-26%) quartz bands suggesting the 

following grouping: 

(MAIN WARE) (8,12,14) 

Figures 

2.33 to 34 show the effects of comparing the %quartz 

content to the mean and standard deviation values (as 

advocated by Streeten 82). Figure 2.33 shows a very 

amorphous spread which does not lend itself to simple, 

clear interpretation. In contrast figure 2.34 

identifies a slightly more cohesive central grouping 

along with five outlying samples: 

(MAIN WARE) (12,14) (8) (9) (2) 

The main problem with the percentage quartz 

estimate arises from a lack of precision resulting from 

the small sherd sample size. Perhaps 50-100 sherds 

would provide a fuller data summary, ie. the separation 

of samples into low and high bands could simply be the 

result of a sampling bias. The problem is compounded by 
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the lack of knowledge as to the accepted quartz 

percentage variation to be found in the products of a 

single potter or workshop. Variations in the latter 

would be expected to exceed those observed in the 

former but little research has been done to examine 

these factors in any detail. 

This stage of the analysis has enabled the 

data structure to be investigated through: 

1. The first two statistical moments. 

2. The relative percentage of Quartz to 

matrix. 

It is obvious however that these forms of analysis 

are very crude, ie. identify very general trends, which 

may be all that is needed on the inter site level but 

lack the precision needed for a rigid intra site 

examination. The percentage quartz value however crude 

is very important as it measures a facet not 

encompassed by the grain size distribution. 

The second 

stage in the data processing is to dispense with the 

data summary statistics and instead compare the 

complete empirical distributions. To accomplish this 

some form of non parametric test is required, in this 

136 



case the Kolmogorov Smirnoff, the most commonly applied 

in textural studies. A non parametric test or 

"distribution free" test is preferable as it makes a 

minimal set of assumptions about the underlying 

distributions of a data set,. for -example that a 

distribution is continuousý where assumptions are made 

they are seldom as elaborate as to imply a completely 

specified population distribution (as with the normal 

form). The advantages of such methods can be summarised 

as: 

1. Simplicity of derivation. 

2. Ease of application. 

3. Speed of application. 

4. Scope, as they are not restricted by 
assumptions. 

The fact that the techniques are less susceptible 

to violations of assumptions means that they are very 

appropriate for dealing with very small sample 

populations. As stated the Kolmogorov Smirnoff test is 

the most commonly applied to textural problems (eg. 

MacSween 88) and this involves the computation of 

Kolmogorov Smirnoff distances between every pair of 

cumulative distributions and takes the form: 

D MAX 
N, N2 

Where PI(. j) is the 

cumulative proportion in the ith size class for the 
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first distribution and P2(1) the same for the second 

distribution. N is the number of individuals in the 

group. 

A matrix of d values is established and the values 

are compared against some predetermined significance 

level. This can be calculated from the equation: 

Significance -Yx 
N3. N2 

Where Y=1.36 at the 5% level 

1.63 at the 1% level 

1.95 at the 0.1% level. 

If the calculated value of D is less than the 

established significance value then it is replaced by a 

*, if it is higher it is left blank. The matrix is then 

examined for structure. 

The data for the first ten size classes (table 

2.27) was transformed using the equation given above 

and the results are presented as figures 2.35 to 37. 

The main problems with the method are clearly 

apparent: 

1. The choice of significance level is 

arbitrary as distortions can set in when several tests 

are performed simultaneously 
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2. Some rearrangement of the matrix and 

adjustment of the significance levels may be necessary 

before the "desired" clustering is observed. 

This notion of adjustment to fulfil one's 

analytical desires is exactly the type of subjective 

approach this study is aiming to avoid. Figures 2.38 

and 39 show the 5 and 1% matrices "rearranged" to 

cluster the apparently similar sherds. The results 

suggest the presence of 2 groups although there is a 

very wide level of overlap between them. This is best 

defined in the 1% plot as: 

(10,12,18,19,20) (MAIN GROUP) 

It is clear that even when rearranged. the plots 

are very hard to interpret. This may resolve itself 

more clearly at the inter site level when the sample 

numbers increase making the presentation medium easier 

to interpret. Although the method should be sound for 

the small sample numbers dealt with at the intra site 

level it is clear that the presentation medium does not 

give the necessary precision to enable clear 

interpretations to take place. 

Here an attempt has been made to look at the 

entire distribution as opposed to a summary statistic. 

The result suggests that on an intra site level the 
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results are very hard to interpret and prone to 

subjective influence. The main failing of the method is 

in the presentation and interpretation mechanisms which 

are greatly lacking in the levels of objectiveness 

achieved with the examination of the chemical data. 

Since each sherd sample 

is characterised by the relative proportions of grains 

in each of the size class intervals (or bins), ý it is 

possible to take the size bin contents as independent 

variables and analyse them through some technique of 

multivariate statistics. This approach was first taken 

by Darvill and Timby in 1980 where cluster analysis was 

utilised yielding encouraging but not conclusive 

results (Darvill + Timby 82). 

A problem arises in such an analysis due to the 

basic nature of the data set. The grain size frequency 

data is COMPOSITIONAL, ie. p commensurable variables 

are measured for each sherd and the sum of the 

measurements is fixed and the same for each object in 

this case summing to 100% (Baxter + Heyworth 89). 

It is generally assumed for any multivariate 

analysis, that the objects under study can be validly 

represented as points in p-dimensional euclidean space. 

In the case of compositional data this assumption is 
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invalid and therefore any analyses of the raw 

compositional data are inappropriate. 

The % compositions for the nth size bin in the Xth 

sample are positive and sum to 100, this has the effect 

of inducing relationships amongst the variables which 

constrain the data to lie within a (p-1) dimensional 

simplex rather than p-dimensional euclidean space 

(Aitchison 86), simply put the variables are not 

independent. 

To compensate for this Aitchison proposed a 

transformation to remove the constraints from the data 

set, in effect to convert from the simplex to the 

Euclidean thus enabling standard multivariate methods 

to be applied. 

The "LOGRATIO" transformation as it is termed is 

quite simple and takes the form: 

Z- log ( X/g(x)) 

Where X= Raw value. 

g(x)- Global mean. 

one immediate problem is that of zerols, where 

present in the data set. Table 2.28 shows the bin 

content data for the first ten samples where several 

empty size bins are clearly visible. As you cannot take 

the log of a zero value, some form of compensation has 

to be undertaken prior to any transformation. Aitchison 

proposes two methods to solve this problem (Aitchison 
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86) . 

The first is an amalgamation solution whereby bin 

contents are combined to remove zero's. In the case of 

the Scottish material the bin size is relatively coarse 

and any further combination would greatly lower the 

precision of the analysis. The zero's that are present 

do not explicitly imply that a component is totally 

absent but that none could be recorded to the required 

accuracy or as a result of rounding of the measurement 

process. In effect the majority of zero's can be 

regarded as "traces", although in Section 3 examples 

will be studied where the zeros are real, reflecting 

heavy silt biases in the Grain size Distribution. 

To compensate for these trace zero's a solution is 

proposed whereby the zero values are replaced by a very 

small positive value and the positive bin contents are 

adjusted down accordingly: 

Zero's become S (C+1)(D-C)/D2 Positives are 

reduced by SC (C+I)/D2 

Where C= Zero components. 

D= Positive components. 

=, Maximum rounding off error. 

In 
-each case the maximum rounding error 6 1/G 

where G- the number of grains measured. 

Table. 2.29 shows the data for the first ten 

samples after zero compensation and table 2.30 after 

142 



the logratio transformation. The data is now ready for 

multivariate analysis. 

Some investigative work has been done with the 

Aitchison transformation by Baxter in the field of 

glass analyses (Baxter 88,89). His main aims were to 

derive a classification of glass objects on the basis 

of compositional data only, with a successful 

classification being interpreted in' light of the 

archaeological information but not derived from it. 

This is in effect the non-preconceptual type of 

analytical approach proposed in the introduction and 

adhered to throughout this study. 

Here, as with the chemical data the aim was to 

apply the analytical model proposed in chapter 2.4 to 

the transformed data set to facilitate the extraction 

of high confidence substantive conclusions. Two things 

were clear from Baxters work. 

The first concerned data standardisation prior to 

analysis (as is advocated in the case of cluster 

analysis), where it was found that with the non 

Logratio transformed data, after standardisation the 

analytical methods no longer respected the properties 

of the data set induced by its compositional nature. 

The second revolved around the fact that for 

mathematical reasons the Logratio transformed data set 

could be dominated by a single variable and that 'other 

methods such as the analysis of the raw data set (ie. 
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untransformed) couldý in fact give archaeologically 

"more valid" results. This does somewhat presuppose the 

nature of a "valid result" but should none the less be 

borne in mind. Baxter concluded his summary by stating 

that analyses upon the raw data set could provide 

usable results and that the logratio transformation, 

although theoretically much sounder, was often 

dominated by very few variables (Baxter + Heyworth 89). 

In this study the data was ordered into 12 size 

bins, where bin 12 represented the sum of all the bin 

contents above bin 11. The variables were then zero 

compensated and multivariately analysed using the model 

proposed in chapter 2.4. Both raw and Logratio 

compensated data sets were analysed. although more 

relevant to the raw data situation the decision was 

made to minimise any possible sources of distortion and 

thus no standardisation was undertaken. 

The cluster 

analysis methodology employed here follows exactly that 

established for the study of chemical data in chapter 

2.4. 

Untransformed data set, -. 

The results of the eight 

algorithms are summarised in table 2.31, where very 

good areas of agreement exist between the results sets. 
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Discriminant analysis was employed to answer two 

questions. The first concerned the positions of samples 

4,7 and 18 which seemed to fluctuate between groups. 

Table 2.32 shows the result of introducing the samples 

into the analysis as "ungrouped" to ascertain the 

highest probability of group membership for each 

sample. The second discriminant run tested the 

plausibility of the three group solution suggested by 5 

of the 8 algorithms. Figure 2.40 and table 2.33 show 

the result of this analysis leading to the following 

overall result: 

(1,2,3,4) (5,15,12,6,16,17,8,9,13,11,18) 
(10,14,19,20) 

For the zero compensated 

untransformed data set. Looking at the s. c. d. f 

coefficients in table 2.33, it can be seen that 

function 1, upon which the groups are separated, is 

dominated by variables Bl (fine silt) and B7 

(fine/medium sand). 

The transformed data set 

was analysed in the same fashion yielding the results 

set shown in table 2.34. Discriminant analysis was 

applied to answer four questions: 

1. Is (4,10,12,9,18) an independent group? 

2. Is (1,3,17) an independent group? 
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3. Can samples 1 and 18 be regarded as 
outliers to all groups? 

4. Can the main group be subdivided into two 
sub-groups? 

Figure 2.41 along with table 2.35 divides the 

samples into the four groups identified by the Ward's 

and Furthest Neighbour algorithms. As can be seen the 

groups comprising the samples (1,3,17) and (2,8,6, 

14,19,20) are indistinguishable which tends to support 

the view that sample 1 is not an outlier as it falls 

neatly within the composite group boundary. The group 

identified in question 1 is very clearly defined with 

the remaining samples separated very slightly from the 

composite. To look at the independent status of sample 

18 the analysis was repeated allocating the sample its 

own group code (fig. 2.42 and table. 2.36). 

The result here suggests that 18 ja outlying and 

degree of difference can be seen in that the relative 

scale of the scatterplot has had the effect of 

compressing all of the groups bar that identified in 

question 1 together. 

The result can then be interpreted at two levels, 

the more general identifying a single large main ware 

grouping, with the more detailed level splitting it 

into two sub-groups: 

((1,3,17,2,8,6,14,19,20)(5,16,11,13,7,15)) (4,10,12,9) 

(18) 
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In terms of the discriminating variables in figure 

2.41 the majority of the discrimination took place on 

the first function, which is dominated by variable B2 

(coarser silt). The split of the main group took place 

on function 2, dictated by variables B11 and B12 

(Medium to coarse sand). It would appear that in the 

case of the Aithchison transformed data set the output 

was structured on the basis of the low size quartz 

fraction with refinement coming from the very coarse 

fractions. 

Once again the 

methodology followed here is identical to that adopted 

for the analysis of chemical data. The sample keys are 

presented in tables 2.45 and 2.46. 

Study of the eigen scree plot 

(table 2.37) showed that a significant drop occurred at 

the 4 factor level and so the first four factors were 

examined through scatterplots. These factors accounted 

for 70.2% of the total variance. Study of the rotated 

factor matrix (table 2.38) showed the major 

contributing variables to be: 

FACTOR 1- Bl, B3, B4, B5 

FACTOR 2- B2, B10 
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FACTOR 3- B9, B7, B6 

FACTOR 4- Bll, B12 

The respective 

scatter plots are presented in figures 2.43 to 48 and 

the results can be summarised as follows: 

1 (1,2,3) (10) (12,4) (Verv spread main 
grouping) 

2 ys. -a - (11) (19) (12) (4) (14) (Verv spread main 
grouping) 

1 vs. --a - (11) (1,2,3,7) (10,4) (12) (Spread main 
group) 

1 vs. 4- (8) (Verv spread grouping of samples) 

2 vs, --A - (8) (Y-e-ry- spread grouping of samples) 

3 vs. 4- (8) (11) (Spread main group) 

ýHere the interpretation of the scatterplots was 

greatly hampered, by the amorphous nature of the sample 

spreads. Once again the main problem with the technique 

lies with the establishment of interpretation levels 

within the scatterplot summaries studied. Looking at 

the results sets it is very hard to discern any clear 

areas of agreement between them. The following 

interpretation summarised best the result trends: 

(1,2,3) (4,10,12) (8) (11) (Remaining samples) 

Transformed data set: 

The scree plot in table- 2.39 

showed the first-significant drop occurring at the 

three factor level and the three factors thus obtained 
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account for 65.8 of the total variance. Study of the 

rotated factor matrix (table 2.40) showed the variables 

responsible for the factors to be: 

FACTOR 1- Bl, B2, B3, B4, B5 

FACTOR 2- B8 

FACTOR 3- B10, B12 

It is interesting to 

note the second factor whose form is dictated by a 

single variable, a situation noted critically by Baxter 

(Baxter + Heyworth 89). 

The respective scatter plots are presented in 

figures 2.49 to 51. The results are summarised below: 

vs- 2- (18) (4,9,10,12) (Main body of the ware) 

1 vs. 3- (18) (1,13) (6,10,14,19,20) (Remaining 
samples) 

2 vs. - (18) (1,13) (6,14,19,20) (10) (4,9,12) 
(Remaining samples) 

Here the groupings were better defined than in the 

case of the raw data enabling more reliable comparisons 

to be made and areas of agreement to be identified. 

The ýresults of the principal components 

analysis were as follows: 

(1,2,3) (4,10,12) (8) (11) (Remaining samples) 
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These can 

now be compared with the results of the 

Cluster/Discriminant study: 

(1,2,3,4) (5,15,12,6,16,17,8,9,13,11,18) 
(10,14,19,20) 

As can be seen there is very little ýagreement 

between the result sets. Both identify samples 1,2,3,4 

and 10 as somehow distinct from the remainder of the 

groupings, but there is little agreement as to the 

nature of samples (8), (14,19,20) and (7,11,12). 

The results of the principal 

components analysis were as follows: 

1 vs. -2 - (18) (4,9,10,12) (Main body of the ware) 

1 vs. 3- (18) (1,13) (6,10,14,19,20) (Remaining 
samples) 

2 vs- 3- (18) (1,13) (6,14,19,20) (10) (4,9,12) 
(Remaining samples) 

This compares very well with the results set 

obtained from the Cluster/Discriminant analysis: 

((1,3,17,2,8,6,14,19,20)(5,16,11,13,7,15)) (4,10,12,9) 
(18) 

The first two principal components support the 

cluster interpretation and further suggest that the 

splitting of the main group is an over interpretation. 

It should be noted that Principal components analysis 
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is often used as a "check" method against over 

interpretation by clustering methods (Baxter 88). 

The splitting of the main group by the third 

principal component, identifying samples 6,14,19,20 and 

1,13 can be seen as an over interpretation on the 

strength of the discriminant analysis which regarded a 

similar split, involving the group defined by 1,3,17, 

as a statistically unsupported partition. The emphasis 

here will be placed upon the first two components which 

account for 54% of the total variation between the 

samples. The addition of the third component seems 

simply to highlight groupings rejected as over 

interpretations by the discriminant analysis. 

The results of the two techniques can then be 

combined and through a system of mutual "interpretation 

level" feedback (ie. monitoring one another for 

possible over interpretations) a result can be 

furnished: 

(18) (4,10,12,9) (Remainder of samples) 

To summarise, it 

the levels of agreement obtained 

as applied to the chemical data 

those obtained here. 

Of the two data types the 

data results proved consider 

is firstly clear that 

between the techniques 

are much closer than 

Logratio transformed 

ably more consistent 
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between the Cluster / Discriminant and Principal 

components analyses. With the "raw" data set there were 

very few observable areas of agreement between the 

results sets. It should be noted that the two data sets 

yielded very different result solutions for the same 

respective analyses. 

As regards the criticisms of Baxter, the logratio 

transformed data set in the case of the principal 

components study, did tend to base the analysis upon a 

limited number of variables. - As for the raw data 

yielding more archaeologically "plausible" 'solutions, 

the lack of consistency between the methods as applied 

made the derivation of any objective solution from the 

raw results sets very difficult. For these reasons the 

decision was taken to base interpretations upon the 

more consistent and thus reliable transformed data 

solution. 

Cg=ariaon to the etrologyj 

As has been stated the 

techniques of textural analysis must be applied in 

conjunction with a traditional petrological analysis. 

The results of the petrological study of the Bearsden 

local material are discussed in detail in Section 3, 

but can be summarised here as: 

(1,2,3) (12,14) (8) (Remaining samples) 

I The first obvious fact is that aside from sample 
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12 there are no areas of agreement between the logratio 

grain size data and the petrology. Why? 

The main problem revolves around the fact that the 

fabric groupings are on the whole differentiated 

petrologically on the basis of changes in the silt 

fraction. The silt grades comprise: 

0.0039mm - 0.031mm - 0.062mm 
(v. fine) (medium) (coarse) 

The 

size range used to measure the grains covers 10 - 1000 

microns, with bin 1 (10-35) measuring the very fine to 

medium grade silt and bin 2 (35-60 microns) the medium 

to coarse silt fraction. 

Looking in more detail at the petrology the 

fabrics are separated on the basis of: 

(1,2,3) - More fine silt. 

(12,14) - Less quartz. 

(8) - No mica and "slightly" less silt. 

As 

has been discussed the grain size study will not detect 

changes in the relative quartz-content alone, as in the 

case of 12 and 14. It is also'clear that the-, textural 

analysis did not detect the subtle changes clearly 

manifested in the silt fraction. This could be due 'to 

two reasons: 

1. The size bins were too coarse. 

2. Measurement errors arising at the low size end 
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of the measurement range leading, to distortion. 

As has been discussed some but not all 

of the silt grains were measured by the Videoplan as it 

was not possible to establish consistent cut off levels 

at the very small size ranges. 

In the example of the Bearsden ware it is this 

very size range that comprises the diagnostic fabric 

indicator. This must bring into question the validity 

of applying the technique on such data sets without 

some modifications ie. increasing the magnification and 

refining the relative bin sizes. 

What appears to be happening is that very 

different silt compositions, eg. very little fine silt 

versus abundant coarse silt, will probably be 

differentiated even with the sampling distortion. 

However with the more common examples where the 

difference is much less well defined, the effects of 

any sampling errors could dominate the analysis. 

To assess any distorting effects this silt 

sampling problem may have had on the analyses 

undertaken, the Principal components analysis was 

repeated for both the raw and transformed data sets. In 

these examples however the very fine grade silt bin 

(variable B1) was masked from the analysis. In standard 

geological applications a 30 micron minimum cut off 

level is standardly applied when using semi-automatic 

measuring systems (pers. comm, Freestone). In each case 
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the first three principal components were looked at and 

the results can be seen in figures 2.52 to 57 and 

tables 2.41 to 44. 

1 vs. 2-A very amorphous spread with sample 11 
clearly separated. 

1 vs. 3- Another very amorphous spread this 
time with sample 8 clearly separated. 

2 vs. 3- An amorphous spread with both samples 
8 and 11 outlying. 

This result is very 

different from the original suggesting that the 

"sampled" very fine silt fraction had a very strong 

influence upon the original classification. 

1 vs. 2- Existing interpretation robust. 

1 vs. 3- Sample 18 clearly separated. 

2 vs. 3- Existing interpretation robust. 

The result set here is very consistent' with the 

final interpretation furnished by the first principal 

components analysis, although the main group separation 

suggested by factor 3 is here considerably less 

pronounced. This would suggest that the transformed 

data was much less influenced by the fine silt fraction 

than the raw data set, the main effect being a sub- 
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group splitting of the main ware body by the third 

factor. 

The results of this study suggest that when used 

with multivariate techniques of data analysis, the 

logratio transformed data performs more consistently 

than the raw set. This can be defined more clearly in 

that more reproducible group solutions were identified 

between analytical methods for the transformed over the 

raw data sets, thus facilitating more assured 

interpretations. 

This result is not surprising bearing in mind the 

basic statistical inadequacies of the untransformed 

data. As for the raw data set sometimes yielding a more 

"archaeologically robust" solution it is here very hard 

to justify any interpretation as a direct consequence 

of the lack of result comparability between the methods 

applied to it. It is here worth emphasising that the 

aim of the study is to achieve a high level of 

objectivity in the data analyses. Looking for more 

"valid" results presupposes some knowledge as to the 

nature of the data set. In very clear cut petrological 

cases ie. silt no sand versus sand no silt, this may be 

perfectly acceptable, but in the majority of cases it 

is not. 

In this instance the logratio data yielded a high 

confidence result set and it is this result set that 

will be used in the archaeological interpretation 
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phases of the study. 

The results 

furnished by the techniques can be summarised as 

follows: 

LOGRATIO: (18) (4,10,12,9) (Remaining samples) 

% QUARTZ: (8) (12,14) (Remaining samples) 

PETROLOGY: (1,2,3) (12,14) (8) (Remaining samples) 

The results show that the petrological groupings 

of samples 8 12 and 14 hold for the % quartz, which is 

not surprising as it was on the basis of a visual 

quartz % estimate that they were isolated. Group 1,2,3 

does not appear extraordinary in terms of the %quartz 

or the grain size data, however considering the changes 

in the silt fraction that characterise it this may well 

be due to the low size level sampling problems. Of the 

remaining petrological groups only sample 12 displayed 

both a different quartz percentage and grain size 

distribution. The remaining samples 8 and 14 although 

lower in quartz, conformed to the general 'group 

distribution. The samples 18,4,10 and 9 identified as 

having a unique grain size distribution were not 

identified by the basic petrology. Again this is not 

unexpected considering the relative crudity of the 

petrological assessment. The final petrological 

157 



interpretation can be expressed thus: 

(1,2,3) (12) (8) (14) (Remaining (18,4,10,9) 

Samples) 

This data is now ready to be 

Section 3 along with the chemical 

result sets to furnish a ware interpre- 

the chemistry of the matrix, the 

frequency of the suite of non-plastic 

changes in style and form. 

studied in the 

and macroscopic 

tation based upon 

composition and 

inclusions and 

CONCLUSION* 

The analyses emphasised the tiered nature of the 

techniques available: 

More generalised methods: 

Graphical moment estimates. 

Kolmogorov Smirnoff test. 

% Quartz estimates. 

2. Higher precision method: 

Logratio data analysis. 

In the light of these results the level 1 methods 

will be reserved for use between sites, where more, 

generalised differences between the data sets are to be 

perhaps expected. The level 2 method will be employed 

at both the intra and inter site level, as will the %, 

quartz estimate on the basis that it is a factor not 
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measured by the grain size study. This can be 

contrasted with the chemical analyses where where the 

analytical methodology was deemed robust at both 

levels. 

As regards the transformation of the data set, the 

raw data produced results with few inter-method areas 

of agreement. The logratio data produced more 

consistent results although not obviously 

"archaeologically valid" ones, though the shortcomings 

of adherence to such a system of analysis are obvious. 

The example of the Bearsden local ware is a far 

from simple one and the problems of applying the 

methods in what is essentially a feasibility study to 

such poorly defined data are considerable. 
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As was 

discussed in the data processing section, the analysis 

of the ceramic material was undertaken on ty_Q levels. 

This was a direct result of the basic archaeological 

context of the majority of the material, ie. 

independent of firm source assignation indicators. 

The first stage of the investigation was at the 

intra-site level and aimed quite simply to define 

chemically and petrologically the extent of the 

visually identified "local" fabric groups. This level 

of analysis was in effect both a test of initial 

assumption, ie. cohesivity of the suggested groupings, 

and a refinement process, whereby any outlying or non- 

local (perhaps "less" local would be more apt in this 

context) sherds were recognised. At this point some 

definitions are in order. In this section the terms 

"outlier" and "non-local" are taken to represent single 

sherds or groups of sherds which do not conform to the 

trends observed in the bulk of the data set. The term 

"rogue" refers to samples with associated experimental 

or matrix homogeneity problems. Perhaps the use here of 

the tags 'local' and 'non-local' is misleading, in that 

the true provenance of the samples is unknown beyond 

the initial macroscopic assumption. However as it is 

this assumption that underlies all of the sample 

selection and analysis phases of the project it will be 
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used until further defined and refined in Section 4. 

The six identified local groups vary considerably 

in the exact form taken by the defined ware groups. In 

some instances, as with the Inveresk and Bar Hill 

material, the ware comprises a single very diagnostic 

fabric in a variety of forms. In contrast, with 

Bearsden and Croy Hill a group of "similar" fabrics are 

pooled together on the basis of shared diagnostic form 

characteristics. It should be stressed that we are not 

dealing with consistently defined, very diagnostic 

fabric groupings. This first level in the analysis 

simply seeks to define as clearly as possible the 

membership of the suggested local ware groups in as 

objective fashion as possible. 

Once defined, the "core" groups are carried 

forward to the second level of the analysis, the inter 

site study. Here the relative autonomy of the 

respective "production centres" is studied looking at 

the extent of both chemical and petrological overlap 

between the site products. This is a prelude to Section 

4 where the questions of local provenance are examined. 

In each of the analysed cases we are presented 

with a group of material which is thought to be of 

local origin. The question of h. Qu we define "local" 

immediately arises. Sites such as Bar Hill and Croy 

Hill are less than two miles apart (Hanson and Maxwell 

83), how great would the expected overlap be in terms 
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of raw material acquisition catchment? In such an 

artificial situation as that presented by the Antonine 

wall, with its high localised site density, should we 

be looking more in terms of a regional production zone 

than site specific local manufacture or local industry? 

These factors will be explored in Section 4. 

In all stages of the analysis the models defined 

and established in Section 2 have been utilised and the 

same basic interpretive procedures have been followed. 

As stated in Section 2 it is the interpretation 

mechanisms and explicit decision making processes which 

are of utmost importance. By establishing a 

standardised quasi-objective methodology it is not the 

data summaries (such as basic dendrograms) that are 

important but the data simplifications they yield. 

In the following chapters the suggested 

data simplifications derived from the application of 

this methodology are given along with a-summary text. 

Any changes or modifications to the methodology (as 

with the mortaria samples in Section 5) will however be 

stated and described in full detail as they arise. 

The 

petrological interpretation of the ware samples rests 

heavily upon the assumptions we make as to how potters 

select and treat the raw materials made available to 

them. At the very basic level of potting expertise Rye 
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supports the view that two assumptions must be made: 

1. Variations in natural deposits are obvious 

to the potter. 

2. Potters would not select their materials 

at random even within a single deposit but select that 

portion having the most appropriate properties (Rye 

81). 

Once obtained, the clay is usually refined or 

prepared to remove any very coarse constituents from 

the mix. This can take one of three basic forms: 

1. The simplest method is through sun drying 

followed by crushing and the hand removal of unwanted 

inclusions. 

2. The clay can be watered down to a fluid state 

and sieved. In antiquity the finest grade sieves would 

have been of the order of lmm with finer fractions 

removed through the use of cloth. I 

3. A liquid slip can be formed and left to enable 

the coarse material to settle. A more complex variation 

of this is the process of levigation, where the slip is 

allowed to flow down a gently sloping, lipped channel. 

The fine fraction flows over the channel lip and is 

collected whereas the coarse material remains trapped 

behind the lip. This process will remove material down 

to the 50 micron level. 
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As well as removing material from a clay matrix 

the potter can also add inclusions to improve the 

working and firing properties. These deliberate 

inclusions are known as "tempers" or "opening 

materials" (Rye 81, Woods 86). To say that a ceramic 

sample is tempered is to make a comment about past 

technological systems, though it should be stressed 

that common tempers such as sand can be natural to the 

source clay. The absence of a temper is as important as 

its presence as it suggests that strict control over 

specific-property clay acquisition was being exercised 

or that some form of preparation process (as discussed 

above) was being undertaken. The clear identification 

of tempers in a ceramic sample can be very complex. Rye 

proposed that three guidelines should be utilised: 

1. SHAPE: In very general terms inclusions 

displaying rounded edges are those which have been 

subjected to natural erosion and transportation 

processes. In contrast to this angular grains can be 

seen as the result of deliberate crushing. 

This method is very crude and does not take into 

account the exploitation of naturally weathered tempers 

like for example marine sands. The data for the local 

wares is presented in Appendix 3.1, where in general 

there is only a steady progression between the rounded 

and angular states for the minerals present. This is 
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particularly apparent when examining the quartz (or 

silt/sand) fraction. 

GRATN ST7P T)T. I; TRTRT7TTON: 

The normality of 

the grain size distribution has been taken as an 

indicator by Rye who identifies a normal distribution 

as representing a naturally graded clay and a bimodal 

distribution as showing the presence of a very well 

sorted inclusion group and thus the presence of a 

temper. The problems with this method lie with-the fact 

that any clay preparation process will alter or modify 

the basic form of the distribution. In this study the 

grain size distributions were determined for the most 

prolific mineral inclusion, quartz and these 'were 

plotted for all of the analysed sherd samples. Five 

distinctive and recurring distribution forms can be 

identified. These are summarised in Appendix 3.1 where 

we can see the normal and bimodal distributions 

identified by Rye, along with three more skewed 

distributions ranging from almost exclusive silt to 

more tailed examples indicating the presence -of some 

coarser quartz material. These distributions can be 

seen as reflecting clay preparation processes on the 

part of the potter, the exploitation of a clay source 

whose quartz fraction was naturally very silt biased or 

some combination of these two factors. 
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TYPE OF INCLUSION: 

The final and most 

reliable indicator of an added temper is the presence 

of certain inclusions such as grog (fragments of 

crushed pottery) or large amounts of organic debris. 

The presence of any "untypical" mineral inclusion given 

good knowledge of the expected local geology can also, 

depending upon its frequency, be used as a reliable 

indicator of potter interaction. 

CHAPTER 3.3 ' The Intra-Site Analysis of the Ware 
Group 

CROY HILL 

As described in 

Section 1 the site of Croy Hill produced a group of 

oxidised fabrics in a series of forms which Hird 

identified as being of probable local origin. This was 

supplemented by examples of mortaria in a range of 

fabrics and forms suggested as local by Hartley. Of the 

four 'local' fabrics and mortaria samples a total of 15 

thin sections were made available corresponding to 19 

NAA samples. This rather small sample population 

presents a problem which recurs with all of the 'local' 

wares, as the amount of both availahle and reliably 

identified material was often very small. This reaches 

its peak with the material from the site of Bar Hill, 

which although potentially the most promising site in 

terms of having both a kiln and associated ceramic 
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material only yielded 5 sherds as the excavator 

concluded that it was a very homogeneous ware for which 

five samples was more than adequate to enable 

characterisation to be undertaken. 

The problems of sample size have been discussed in 

Section 2 and the practical effects will become 

manifestly obvious as this section develops. 

The samples obtained comprised examples from 

fabrics 35,23,42, mortaria fabrics 6i, 6ii, 7 and 

several miscellaneous 'local' sherds. 

Neutron Activation Analysis: 

The chemical analysis 

furnished a unique result set in that all of the 

Cluster algorithms gave 100% agreement in their 

suggested simplifications. This was further refined by 

the Principal Factor analysis which identified the 

outlying groups, shown in Table 3.1. The existence of 

these outliers was confirmed clearly by Discriminant 

analysis. Sample 26 was problematic in that it was one 

of a sherd homogeneity pair, - yet was identified as an 

outlier by the Factor analysis. Study of the rotated 

factor matrix identified Sodium as the element 

responsible for the samples isolation and reference to 

the raw data set showed a clear difference in the 

Sodium concentrations between the homogeneity samples 

(through V), although not significant enough to merit 
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Sodiums exclusion from the overall analysis. Sample 26 

can thus be seen as an homogeneity rogue, yielding the 

final interpretation shown in table 3.1. Here we see a 

well defined core group with several clear sherd 

outliers. 

The local 

sherds analysed can be seen to split into 5 groupings 

or petrologically distinct fabrics. 

FARRTC ONE: Sand Prade Quartz 

An orange birefringent 

clay matrix containing common rounded to sub angular 

poorly sorted coarse, medium and fine sand grade quartz 

along with occasional silt. Sherd 009 is interesting in 

that it contains some rare quartz grains from a 

metamorphic source. 

Occasional sub rounded feldspars (0.06- 

0.14mm) are present with sherds 009 and 010 showing 

some extremely rare quartz-feldspar composite grains 

along with very rare sub angular grains of microcline 

(Typ 0.13mm), rare rounded fragments of chert (Typ 

0.1mm) and occasional rounded to sub angular sandstone 

fragments (0.25-1.37mm). The fabric also contains 

common rounded to sub rounded lozenges of shale (0.15- 

0.62 Typ 0.45mm), rare to occasional sub angular to sub 

rounded pellets of clay (0.5-0.85mm), common rounded to 
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angular opaque grains (0.05-0.5 Typ O. lmm) and 

occasional to sparse flakes of mica (0.05-0.3 Typ 

0.125mm). 

Sherd 014 is of note as it also contains very rare 

sub rounded fragments of pyroxene (Typ. 0.25mm). 

CR009, CRO10, CRO13, CRO14 

An orange 

birefringent clay matrix containing occasional rounded 

to angular poor to moderately sorted coarse and medium 

grade sand, common fine and occasional silt. The matrix 

also contains rare angular fragments of flint (Typ 

0.15mm), occasional sub angular sandstone particles 

(Typ 0.37mm) and occasional rounded to sub rounded 

lozenges of shale- (0.25-0.45mm). Also present are 

common rounded to sub angular opaque grains (0.025-1.87 

Typ 0.125mm) and sparse flakes of mica (0.05-0.125 Typ 

0.075mm). 

CRO06 

An orange birefringent clay 

matrix containing rounded to angular moderately sorted 

quartz comprising sparse coarse, abundant medium and 

common fine grade sand along with occasional silt. The 

matrix also contains occasional sub rounded fragments 

of chert (Typ 0.25mm), occasional grains of angular 
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sandstone (Typ 0.93mm), 

(Typ 0.97mm) and rare sub 

(Typ 0.2mm). occasional 

opaque grains (0.05 -0.5 

of mica (0.05-0.14mm) are 

CRO02 

rare rounded lozenges of shale 

angular grains of microcline 

sub rounded to sub angular 

Typ O. lmm) and sparse flakes 

also present. 

An orange 

birefringent clay matrix with a rounded to angular poor 

to moderately sorted quartz fraction comprising common 

coarse and medium grade sand along with abundant fine 

grade and common silt. Occasional sub rounded feldspars 

(0.12-0.4mm) are present along with rare rounded chert 

inclusions (Typ 0.12mm), rare sub rounded flint 

particles (Typ 0.3mm) and sparse rounded to sub rounded 

fragments of sandstone (0.25-0.7mm). The matrix also 

contains sparse rounded lozenges of shale (0.25-0.75 

Typ 0.37mm), rare particles of rounded pyroxene (Typ 

0.1mm) and occasional rounded clay pellets (Typ 

0.53mm). Sparse rounded to angular opaque grains (0.05- 

0.9 Typ 0.15mm) and sparse flakes of mica (0.08-0.2mm) 

complete the suite of minerals present. 

CR005, CRO15 

An orange 

birefringent clay matrix with a rounded to angular 
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poorly sorted quartz fraction comprising sparse coarse 

and medium grade sand, abundant fine grade and common 

silt. Also present are rare angular feldspars (Typ 

0.04mm), rare rounded flint grains (Typ 0.2mm), sparse 

angular fragments of sandstone (0.34-0.6mm) and sparse 

rounded lozenges of shale (0.25-0.62 Typ 0.37mm). Rare 

sub angular pyroxene grains (Typ 0.08mm), occasional 

sub rounded clay pellets (0.05-1.12mm), common rounded 

to angular opaque grains (0.05-5.25 Typ 0.25mm) and 

sparse flakes of mica (0.07 -0.22mm) are also present. 

CRO01 

An orange-brown 

birefringent clay matrix containing a rounded to sub 

angular very well sorted quartz fraction comprising 

common coarse and medium grade sands, abundant fine 

grade and abundant silt. The matrix also contains 

occasional sub rounded to angular feldspars (0.04 - 

1.0mm), sparse sub angular microcline fragments (0.1- 

1.2mm) and rare rounded chert grains (Typ 0.09mm) along 

with rare rounded flint inclusions (Typ 0.13mm), 

occasional sub rounded fragments of sandstone (Typ 

0.5mm), occasional rounded lozenges of shale (0.25-1.25 

Typ 0.25mm) and rare sub angular grains of pyroxene 

(Typ 0.05mm). The final matrix constituents consist of 

sparse rounded to sub angular opaque grains (0.05-0.25 

Typ O. lmm) and sparse flakes of mica (0.025-0.25mm). 
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CR004, CR011 

An orange 

birefringent clay matrix with a rounded to angular well 

sorted quartz fraction comprising occasional coarse, 

abundant medium and fine grade sand and common silt. 

The matrix also contains occasional sub rounded to sub 

angular feldspars (0.1-0.13mm), occasional sub rounded 

chert grains (0.2-1.0mm), occasional rounded flint 

particles (0.1-0.2mm) and occasional rounded lozenges 

of shale (0.25 - 1.00mm). Sparse fragments of, rounded 

to sub angular sandstone (0.25-1.25 Typ 0.37mm) are 

also present along with rare -sub rounded pyroxene 

inclusions (Typ 0.08mm) and occasional rounded to 

angular clay pellets (Typ 0.5mm). occasional sub 

rounded to sub angular opaque grains (0.05-0.125mm) and 

sparse flakes of mica (0.05-0.7mm) complete the fabric 

suite. 

CRO03 

clay matrix with a rounded 

quartz fraction comprising on, 

and silt grade particles. The 

rounded to angular grains of 

sub angular flint inclusions 

An orange birefringent 

to angular well sorted 

ly occasional medium, fine 

matrix also contains rare 

chert (Typ 0.4mm), rare 

(Typ O. lmm), occasional 
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fragments of angular sandstone (0.8-2.25mm) and 

occasional rounded- lozenges of shale (0.25-0.5mm). 

Sparse rounded to angular opaque grains (0.05-1.25 Typ 

O. lmm) and occasional flakes of mica (0.025-0.175mm) 

complete the mineral suite. It is, interesting that to 

note that in this fabric the sandstone fragments are 

composed of a coarser sand constituent than found in 

the other fabric sandstone inclusions taken as a whole. 

CR007, CRO08 

rABRTC FTVE! Shalt- Fret- Silty Fahrin 

A pale yellow very 

birefringent clay matrix showing very strong preferred 

orientation of the constituent clay particles. It 

contains a rounded to Sub angular very well sorted 

quartz fraction comprising occasional coarse and medium 

grades and abundant fine sand and silt. The matrix also 

contains rare sub angular pyroxene inclusions (Typ 

0.07mm) along with common rounded to angular opaque 

grains (0.025-1.27mm) and common flakes of mica (0.05 - 

0.2mm). 

CRO12 

Studying the fabric groupings it is 

immediately clear that Fabric 5 comprises a very 

distinctive clay matrix and can, thus be discounted from 

any further discussions of a local ware grouping. 

Looking at Fabrics 1 to 4 it is obvious that the major 
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discriminating factor used to define the respective 

fabrics has been the relative quartz fraction, in terms 

of the sand: silt ratios. This reliance upon the quartz 

arises as a direct result of the paucity of any more 

diagnostic or "exotic" mineral inclusions in the clay 

matrix, with the notable exception of Shale which is 

common in all of the fabrics, excepting Fabrics 5 and 

1b. Although sandstone and chert are also present they 

seldom appear at more than the rare to occasional 

frequency level in any given sherd. The importance of 

mineral presence in one or two instances in a section 

must be carefully considered, as absence in an 

otherwise similar sample could just as easily be a 

reflection of the sample size represented by the thin 

section slice (which as discussed in Section 2 is very 

small) rather than the true mineral composition. Some 

possible practical solutions to this problem will be 

suggested in the final chapter of the thesis. The 

occurrence of non-quartz inclusions can be seen in 

table 3.2 where there are remarkable levels of 

consistency between the four fabrics. In general 

petrological terms the fabrics can thus be 

characterised as essentially shale rich with a varying 

constituent quartz fraction 

Concentrating upon the quartz fraction the ware 

can be seen to fall into two broad groups: 
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FABRICS 2+3: Abundant fine sand/silt. 

FABRICS 1+4: Low silt content. 

This marked difference in the basic silt content 

is interesting in that it is very unlikely that the 

silt grade quartz would have been added by the potter 

as a deliberate tempering agent (due to its very small 

particle size), nor is silt easily removed from the 

clay during the normal processes of levigation and 

preparation as the grains fall well below 50 microns in 

diameter. We may therefore be seeing reflected in the 

silt fraction evidence for the the exploitation of two 

distinct clay sources or two texturally inhomogeneous 

clay outcrops from the same basic source. The answer to 

this is tied into the results of the chemical analysis. 

The basic fabric groupings are summarised in Table 3.1. 

Looking at the evidence for tempering, the shale 

inclusions are very rounded suggesting that they are 

natural to the exploited clay source. The quartz 

fraction shows an equal mix of rounded and angular 

grains which again suggests that they were not a 

deliberate potter addition. The quartz grain size 

distribution data is summarised in table 3.4 where it 

can be seen that no sherds show the bimodal form 

indicative of tempering nor the normal form suggestive 

of an untreated clay. 

Although none of the sherds showed any evidence 

for tempering, some displayed a silt bias in the 
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distribution forms and this suggests strongly that some 

type of selective exploitation or clay* preparation 

process was underway. 

A textural analysis was undertaken 

and once again the results for the raw and Aitchison 

transformed data sets were analysed. 

The first obvious factor was that once again the 

untransformed data results showed few areas of 

agreement between the independent analytical methods 

utilised and none of Baxters "good archaeological" 

groupings, confirming the conclusion made in Section 2 

to stress emphasis upon the transformed data set at'the 

intra site level. The log transformed data set itself 

provided a consistent result set showing good agreement 

with the petrological findings. The results' are 

summarised in Table 3.1. 

What is immediately obvious is the fact that the 

main group split (on the basis of changes in the fine 

sand: silt ratio) is not reflected in the textural 

groupings. As this is a change most likely to be, 

reflected in the very fine silt- fraction, ie that 

masked from the analyses on the grounds of sampling 

inaccuracies, the principal factoring was- repeated 

using All of the variables, in the hope that the 

changes were not as subtle as those seen with the 
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Bearsden ware (see Section 2 for details) and should be 

great enough to transcend any minor sampling effects. 

The result was a distinct spatial refinement of the 

existing grouping with no change in group membership. 

The silt: sand ratio change was not reflected. 

When tested through Discriminant analysis the four 

identified groupings split into group pairs as shown in 

figure 3.30 and table 3.3, one very close to the main 

body of samples and one very clearly defined away from 

the main group. This result suggests that there are 

distinct levels of modification to the quartz fraction, 

perhaps contrasting simple between batch variations 

with deliberate changes induced by the exploitation of 

a second distinct quartz component clay source or -mode 

of preparation. The failure to reflect the changes in 

the silt fraction can only be attributed to- the 

sampling inadequacies of the present method as applied 

to the fine silt fraction of the quartz suite (See 

Section 2 for a full discussion). II 

The results of the percentage quartz calculations 

for each of the wares sherds are presented in histogram 

form in figure 3.1. A clear split can be seen into 

samples below 5% quartz and those above 5%, the results 

are presented in table 3.1, and as is perhaps--Ito be 

expected, they correspond closely with the petrological 

findings. 

The combined results for all of the analyses are 
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presented in table 3.4 and it is immediately clear that 

there are sherds showing full agreement as to their 

non-local origin between the methods utilised. An 

example can be seen with sherd CRO12 which is both 

petrologically, chemically and texturally unique with 

respect to the bulk of the samples comprising the ware. 

The same is true of samples CRO02 and CR007. It is with 

sherds showing this degree of autonomy that a non-local 

label can be assigned with the most confidence. 

Along with these very well defined samples we have 

sherds both chemically and petrologically distinct (and 

thus non-local), eg. Fabric 3a, and sherds showing only 

petrological and textural idiosyncracies, eg Fabrics la 

and 2a. As shown in table 3.2, in the absence of quartz 

there is a remarkable level of mineral homogeneity 

between the sherds defining theýlocal ware and it is 

clear that it is the quartz fraction, ie that showing 

the maximum variation, 'that is of most interest in 

terms of ware definition. Here as discussed we have two 

levels of differentiation, one very close to the bulk 

of the samples and one showing significant -variation 

from the accepted ware norm (table 3.3, fig 3.30). 

Could we here be seeing the analytical reflection of a 

subtle change in the exploitation (or more likely a 

change in the preparation process or, criterion) of an 

existing clay source contrasted with the exploitation 

of a separate clay source? ýAs there is no evidence for 

179 



the quartz being added as a temper the observed changes 

cannot be interpreted as the result of modifications 

to the mode of temper preparation. 

Looking at the analytical results with respect to 

the initial macroscopically identified fabrics the 

sherds can be grouped as follows: 

(F 6ii, Misc, F 6i, Misc, F23, F23, F7, F35, F23, F42) 

Outlying samples: 

(Misc, F35) (F42) (Misc) (F35) 

From the 

initial assumption of three distinct fabrics 

originating from a local kiln source we can make the 

following refinements of interpretation: 

1. They do not form a single 

homogeneous "ware" group chemically, although 

petrologically there are broad-similarities between the 

main fabric groups, principally due to an abundance of 

Shale. 

2. The samples, do not respect the 

three identified fabrics established by Hird either 

chemically or petrologically. 

Instead we have a more mixed picture 

with no'clear correlation between the macroscopically 

assigned fabrics and analytical results. It should be 

stressed that this is not due to any fault of the 
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macroscopic analysis but more to the very complex 

nature of the data set, a problem compounded by the 

small sample population size. The only petrologically 

consistent of the macroscopically identified fabrics is 

42 and here it is tempting to see this as constituting 

a distinct non-local fabric. The implications of this 

are very hard to assess without further large sample 

group analyses as the group comprises only two 

component sherds which were divided chemically. The 

remaining macroscopic fabrics are much. less 

petrologically homogeneous although Fabric 23 shows a 

degree of chemical consistency. It is interesting to 

note that the mortaria fabrics sit-comfortably within 

the ware core group. 

In light of the very homogeneous nature of the 

petrological data the main criteria used for the 

assignation of a non-local source to a sherd, has been 

where samples are both chemically distinct and 

texturally "extreme". When looking at changes in the 

deliberately modified fractions of a, ceramic body, ie. 

clay preparation effects or added temper (where 

present), questions of form and intended function must 

be borne in mind. A cooking pot for-example must be 

expected to survive repeated rapid heating-rapid 

cooling cycles to make it a viable functional vessel. 

Work has been under way in the petrological field 

examining the evidence for specialised fabric 
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technologies linked to specific functional uses (Woods 

86). Table 3.5 gives the form and fabric information 

for the sampled sherds. 

Looking in terms of the vessel forms the clear 

outlier samples 2+ 12 correspond to the Belgic platter 

form (type 55), and a lid fragment respectively. Of the 

remaining 'outliers' we see a Segmental bowl (T. 63), 

upright rimmed jar (T. 48) and a plain jar form. Of 

these results the Belgic platter form has far reaching 

implications in that this is regarded as one of the 

most distinctively "local" of the suggested Scottish 

forms and is one of the key indicators for the Croy 

local ware. This form has been suggested by Hird to 

represent a shared feature of local production between 

the sites of Bearsden and Croy Hill, however the lack 

of shale and chemical-textural features in the example 

studied here suggests strongly that the form was not 

produced at Croy at all. I 

Of the, samples remaining in the core group the 

Samian imitation, sample 1, shows subtle textural 

differences (our suggested between batch variation 

group - Y) along with an everted rim beaker and a 

platter, could we here be seeing simple between batch 

variations from a single kiln output? The fact that the 

mock samian vessel shows only subtle differences is 

interesting in that it suggests -that either the 

potter(s) responsible did not possess the skill to 
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manufacture (or perhaps the technology to fire 

successfully) the very clean fabrics typical of samian 

production, 2M sought only to mimic the form with no 

significant modification to the existing fabric mix. Of 

paramount importance is the fact that they attempted to 

mimic very specialised and skill intensive ceramic 

forms in the first place. 

The flat rimmed bowls (samples 4+ 8) are of 

particular interest as they show very texturally 

distinct fabrics along with mortaria fabric 6ii (sample 

14), yet chemically fall comfortably into the overall 

ware group. This suggests some degree of specialistzý 

production. The fact that the remaining mortaria 

fabrics show no discernable textural variation is 

curious in that it is generally accepted that mortaria 

manufacture is a branch of coarse ware potting 

utilising specialist technologies (Swan 84). The fact 

that mortaria Fabrics 6i and 7 -are indistinguishable 

from the coarse wares defining the core group is very 

interesting. 

Taking these results together we can propose two 

possible scenarios. The first sees a mortaria 

manufacturer diversifying the product range to include 

more general forms, hence the similarities between the 

mortaria and coarseware fabric mix. The second and more 

plausible scenario explains the situation in terms of a 

potter aiming to provide the broadest possible spectrum 
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of ceramic types from cooking pots through to 

specialised fine ware copies. 

To conclude the intra-site study, we 

clearly do not have a well defined, very homogeneous 

ware group. With the exception of two samples the 

petrological results can be regarded as showing a very 

broad, shale rich fabric with a varying constituent 

quartz fraction. This could be taken to represent the 

exploitation of different portions of a single source, 

or series of closely related clay outcrops. 

This result is not reflected in the chemical 

result set where there are a number of discrete 

chemical outliers to the main group of samples. This 

suggests that different clay sources were used for 

their manufacture. This apparent disparity can be 

interpreted, given the general petrological homogeneity) 

in terms of the exploitation of a single chemically 

inhomogeneous clay outcrop or group of related 

outcrops. Only a detailed programme of extensive clay 

sampling and analysis will be able to resolve this 

suggested solution. What is clear is that the results 

dQ nDt respect the initial visually assigned, ý 

classification. 

In textural terms the analysis revealed two 

distinct levels of textural variation which can be 

equated with subtle batch variations in the first 
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instance as opposed to the exploitation or preparation 

of a distinctive clay source (ie. deliberate potter 

intervention) in the second. More work needs to be 

undertaken with more reliably attested and sample rich 

'control' production sites before such theories can be 

properly tested. 

In technological terms there is no evidence 

within the ware group for the addition of any tempers, 

but clay preparation appears to have been undertaken. 

The lack of form-functional textural variation 

with the mortaria samples and samian copy was 

interesting as it has serious implications as to the 

basic nature of the site production. The main limiting 

factor in the study was the low number of suitable and 

available ýlocal ware sherds, which would have 

facilitated a much more rigorous interrogation of the 

suggested interpretations presented here. 

The so called locally produced material 

comprises a distinctive fabric in a wide variety of 

forms. Eighteen sherd samples including two wasters and 

four possible local sherds were taken to characterise 

the fabric. This yielded a total of eighteen thin 

sections and twenty two Naa samples: 

The cluster 
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analysis gave very good areas of agreement identifying 

a6 group simplification verified by the discriminant 

interpretation monitor. This grouping was reflected 

very neatly in the principal factor analyis giving the 

solution presented in table 3.6. Study of this result 

set did however reveal an inconsistency in that sample 

6, one of a sherd pair, was identified as a clear 

outlier. The rotated factor matrix identified factor 4 

and in particular the element Cobalt as responsible for 

the spatial separation and study of'the coefficient of 

variation values for the sherd pair showed an isolated 

high value of V for cobalt. Sample 6 can thus be 

regarded as a homogeneity rogue and placed in the main 

group along with its sherd partner sample 5. This gives 

the modified interpretation given in table 3.6. 

Only five samples showed a difference in elemental 

composition from the ware group norm. Of these five, 

three comprised miscellaneous body sherds of unknown 

form along with a hemispherical bowl (sample 10) and a 

cooking pot (sample 13). These samples must be regarded 

as chemical outliers to the main body of the ware. 

Eighteen samples initially 

interpreted as forming a single ware were analysed 

yielding the following fabric interpretation: 
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An orange-brown 

birefringent clay matrix containing a sub-rounded to 

angular poorly sorted quartz fraction comprising 

occasional coarse, sparse to common medium, common fine 

grade sand and abundant silt. A range of rare to 

occasionally occurring mineral inclusions are present 

in the fabric including sub-angular felspars (0.03- 

0.6mm), sub angular flints (Typ 0.5mm), sub rounded to 

sub angular fragments of calcite (Typ 0.23mm), sub 

rounded to sub angular fragments of chert (0.1-0.5mm) 

and rounded lozenges of shale (Typ 1.0mm). Also present 

in the fabric are sparse highly altered sub angular 

rock fragments (0.5-0.67mm), sparse sub rounded 

pyroxene inclusions (0.3-0.37mm) and rounded pellets of 

clay (0.25 - 1.25 Typ 0.75mm). Completing the suite of 

mineral inclusions are sparse to common flakes of mica 

(0.02-0.22 Typ 0.06mm) and sparse to common sub rounded 

opaque grains (0.05-0.55mm). 

Two facts regarding this fabric should be noted, 

the first is that samples 7,15 and 18 displayed a 

slightly lower silt fraction than the majority of the 

ware samples, however this was not thought to be great 

enough to warrant the establishment of a separate sub 

grouping. The second occurrence is the presence of 

sandstone fragments at 'the very rare level of 

occurrence in samples 7 and 17. These fragments were 

sub rounded to sub angular (0.3 - 0.5mm) and were not 

187 



present in the remainder of the ware. 

IN001, IN002, IN005, IN007, IN012, IN013, 
IN015, IN016, IN017, IN018 

An orange brown 

birefringent clay matrix containing a sub rounded to 

angular poorly sorted quartz fraction comprising very 

rare coarse , occasional medium and fine grade sand 

along with abundant silt. Also present are common sub 

rounded opaque grains (0.025-0.75mm) and common flakes 

of mica (0.02-0.7mm). Other diagnostic minerals appear 

in the rare to occasional level of occurrence and 

comprise angular feldspars (Typ 0.03mm, including 

rounded fragments of microcline Typ 0.125mm), grains of 

chert (Typ 0.15mm) and rounded to sub rounded pellets 

of clay (Typ 0.75mm). 

IN003, IN004, IN009, IN011 

birefringent 

abundant silt 

grade sand gri 

common flakes 

occasional sub 

IN008 

An orange brown 

clay matrix containing well sorted 

grade quartz along with occasional fine 

ains present. The fabric also contains 

of mica (0.025-0.075 Typ 0.05mm) and 

rounded pellets of clay (Typ 1.75mm). 
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An orange brown birefringent 

clay matrix containing a sub rounded to angular 

moderately sorted quartz fraction comprising rare 

coarse, abundant medium and occasional fine grade sand 

along with occasional silt. The matrix also contains 

common moderately sorted sub angular fragments of chert 

(0.1-0.5 Typ 0.3mm), occasional sub angular flints (0.3 

- 0.4mm), occasional sub rounded clay pellets (0.25- 

1.25 Typ 0.75mm) and occasional sub rounded -opaque 

grains (Typ 0.2mm). 

IN006, IN010 

A yellow brown 

strongly birefringent highly orientated clay matrix 

with a sub rounded to sub angular well sorted quartz 

fraction comprising occasional coarse, medium and fine 

grade sands along with common silt. The fabric also 

contains occasional angular fragments of igneous rock 

(0.75-1.8mm), sub angular feldspars (Typ 0.07mm), 

angular fragments of grog (0.5-0.65mm) and rounded 

lozenges of shale (Typ 0.75mm). Common rounded to 

angular opaque grains (Typ 0.5mm) and common flakes of 

mica were also present (0.025-0.255mm). 

IN014 

As with the Croy Hill -samples it is 
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clear that with the exception of Fabric 3, the 

groupings are defined principally by changes in the 

quartz fraction, this being the most abundant mineral 

present in 'the sherds. Unlike the Croy material 

however, the differences were not concentrated in the 

silt fraction, instead they lay in the relative 

proportions of sand to a relatively constant common, - 

abundant silt background. Only Fabric 2 showed any 

dramatic change with a marked drop in the silt. 

Once again none of the more diagnostic mineral 

inclusions were present in large enough quantities to 

enable reliable inferences to be drawn from their 

relative presence/absence. The relative frequency of 

the major non quartz inclusions is given in table 3.7 

where they can be seen to fall into the rare-occasional 

band. 

Fabric 3 clearly represents a very different clay 

matrix and can only be seen as reflecting the 

exploitation of a very different source clay to that 

utilised for- the main'ware group and can thus be 

interpreted as non local. Mica like the silt fraction 

is a very fine mineral the potter would have found it 

almost impossible to remove through the normal clay 

preparation processes nor would have added it as a 

deliberate temper. It can thus be regarded as 

reflecting the. mica content of the natural clay. The 

complete lack of mica in Fabric 2 coupled with the lack 
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of silt argues strongly for a very distinct non local 

clay source origin. This is supported by a further 

feature of the fabric in that it shows common 

occurrences of fragments of chert, a feature not shared 

with any of the remaining samples. 

Therefore in petrological terms we have a local 

ware defined both by a lack of diagnostic mineral 

inclusions and a high silt fraction, along with two 

very distinct 'non-local' fabric groupings. 

In terms of the presence or otherwise of tempers 

the results are presented in table 3.8. Here two sherds 

showed the characteristic bimodal distribution 

indicative of tempering, sherds 6 and 10 corresponding 

to our non-local petrological Fabric 2, and the Fabric 

3 sherd contained fragments of crushed pottery (grog), a 

deliberate potter addition. The remaining sherds 

displayed the biased distributions indicative of some 

form of preparation or deliberate selection including 

two sherds from Fabric la showing the very heavily 

biased silt only form. This suggests that some control 

was being exerted over the clay sources utilised for 

the majority of the sherds. 

The textural analysis7was once 

again performed with the fine silt fraction masked from 

the statistical analyses and both raw and log ratio 
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transformed data sets were initially analysed. With the 

Inveresk material an important problem'arose with the 

multivariate analysis, where samples 4,9 and 11 from 

Fabric 1(a) contained a Grain Size Distribution that 

was too skewed towards the silt fraction to enable the 

Aitchison algorithm to be applied. This led to-'very few 

grain size bins with positive values recorded in them. 

Where the number of zero content bins exceeds that of 

the positive bins the zero compensation procedure 

results in the trace zeros taking very small negative 

values. When the logratio transformation-is undertaken 

you are faced with the problem of taking the logarithm 

of a negative number which is simply not possible. In 

effect all of the measured quartz grains were 

concentrated in a very narrow size band. Rather 'than 

apply an arbitrary and thus statistically unknown 

positive compensator to the values to facilitate 

analysis, the decision was made to exclude the samples 

from the multivariate analyses, regarding them in 

effect as distinct textural outliers on the basis of 

the observed silt bias and forming a textural grouping 

by default. The results of the analyses as performed on 

the modified data set are given in table 3.6: 

In direct contrast to the situation observed for 

the Croy data set therd was no evidence from the 

discriminant analysis of any hierarchy in'the degree of 

textural variation away from the main fabric body. Here 
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all of the texturally identified outliers were 

significantly different from the ware norm suggesting 

the exploitation of a secondary clay source or very 

significant changes in the preparation procedures or in 

the case of Fabric 2, the addition'of a temper. 

The relative percentage of quartz as investigated 

through the point counting is presented in figure 3.2 

Here it can be seen that there is a spread of samples 

between 10 and 20% quartz, with the emphasis upon the 

top and bottom boundaries. The only exceptions to this 

take the form of samples 8,14 and 3, which contain 

around 6%. These samples correspond to Fabrics lb, 3 

and la respectively. The main curiosity is sample 3 

which shows a very low percentage relative to the 

others in its fabric sub group. Of the other samples 

analysed 14 has already been assigned as an outlier on 

petrological and chemical grounds and 8 shows clear 

chemical differences from the main local group. 

The combined results for all of the analyses are 

presented in table 3.8 where clear non local outliers 

can be identified. The samples comprising petrological 

Fabrics 2 and 3 are also texturally and chemically 

unique confirming, a non local origin, and Fabric lb 

containing silt only, also displayed chemical 

differences along with the heavily biased grain size 

distribution, again suggesting a non local source. This 

leaves us with Fabrics 1 and l(a) defining the site 
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ware group which are displayed in table 3.9 along with 

(where known), the relevant form information. 

In general fabric terms the main body of the ware 

is chemically very homogeneous, only sample 13 showing 

strong chemical differences. Petrologically Fabrics 1 

and la are separated on the basis of sand relative to 

silt and this can be seen texturally very clearly with 

only one sample from lb showing enough of a grain size 

spread to facilitate statistical analysis. of- the 

remaining samples the textural analysis identified five 

clear outlying samples. 

Looking at the results with respect to vessel form 

and perceived function, of these five outlier samples 

four could be identified, two flagons, a very large 

storage jar and a black burnished imitation cooking 

pot. 

Flagon production seems to have been somewhat of a 

speciality at Inveresk and it is quite feasible that a 

different fabric technology or mode of specialist 

production would have been employed to manufacture 

these liquid carrying vessels. On the strength of the 

textural results it seems very likely as both-flagon 

samples are texturally very distinct. With the storage 

jar we have a vessel which would have required careful 

fabric mixing and controlled firing to enable the thick 

walls to fire successfully, much in the same fashion as 

other thick walled vessels such as mortaria. Again some 

194 



form of modification or specialisation would be 

expected to the basic ware technology. With the cooking 

pot we are seeing a vessel closely copying standard 

black burnished form and lattice decoration strategies, 

could we also be seeing evidence of a fabric mimicry 

also? The answer would seem to be emphatically not as 

the other black burnished copies in the assemblage, eg 

sample 17, show no textural modification at all, 

instead the answer may lie with the samples 

petrological position in the defined lower silt group 

incorporated into fabric One. Of the three local sherds 

comprising this grouping, two show textural differences 

as well as the subtle drop in silting. This looks like 

evidence for a clear between batch variation where "a 

slightly lower silt concentration clay was extracted 

from the source outcrop. In this context such an 

explanation is more realistic than any linked to 

cooking pot form technology, especially in the light of 

recent research as to the nature of thermal shock 

resistance and fabric "design" (Woods 86). 

Of the remaining samples all showed textural 

consistence with the exception of the samples too 

biased to statistically study. of these the most 

interesting was the Samian bowl imitation, sample 11. 

As with Croy we have a vessel imitating a samian form 

even down, albeit very clumsily, to the applied 

barbotine decoration. Unlike the Croy example however 
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the fabric has very little sand present to complement 

the abundant silt fraction and thus, compared to the 

other ware samples shows a conscious effort to increase 

the fine qualities of the matrix. This would suggest 

that the potter in question took the fabric into 

consideration as well as the form and decoration. To 

dampen this interpretation somewhat the only other bowl 

in the analysed fabric samples, sample 9, also 

displayed a quartz component too biased to analyse 

texturally and thus we could be seeing more generally a 

modification to the basic fabric mix for the 

manufacture of the bowl form, rather than specifically 

for fine ware imitations. Without further analysis upon 

a large sample of identified bowl types this is very 

hard to resolve. 

Summary. -. 

The initially interpreted site ware 

proved to be a chemically very homogeneous, silty 

fabric with a very pronounced absence-of diagnostic 

mineral inclusions. Only one petrological fabric-showed 

any evidence for the deliberate addition of a temper 

but this was not a 'local', product. AU of the 

suggested local sherds showedýevidence for some form of 

clay preparation or deliberate silty clay preference on 

the part of the potter(s) responsible. Several -non 
local outliers were identified and clear textural 

differences were recorded between the' component ware 
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samples. In the light of a study of the forms present 

we appear to be seeing fabric modifications for the 

production of flagons, storage jars and bowls with the 

distinct possibility that specialised fine ware 

imitation was being taken down to the level of the 

fabric. In conclusion it seems likely that some type of 

form-functional technological control was being exerted 

by the potter(s) responsible for the manufacture of-the 

site ware. 

A total of 26 sherds were taken from the 

excavated assemblage including 21 samples of the 

suggested Cramond ware, 2 samples of Pink Grogged ware 

and 3 sherds of Cramond derived Inveresk ware. This 

yielded 26 thin sections and 33 NAA samples. The 

results of the respective analyses are given below: 

The cluster algorithms 

once again displayed excellent areas of agreement 

leading to the structural simplification given in table 

3.10. This result was also produced independently' by 

the Principal factor analysis thus stressing the 

reliability of the interpretation. The vast majority of 

the samples are seen to form a chemically homogeneous 

core group along with a small outlier grouping and two 

single sherd outliers. The samples comprised the Pink 
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Grogged ware sherds, a beaker, a colour coated flagon 

and an everted rim jar. 

The sherd samples 

analysed formed four discrete fabric groupings: 

An orange brown birefringent 

clay matrix containing -a sub rounded to angular 

moderately sorted quartz fraction comprising rare 

medium, sparse fine grade sand and abundant coarse 

silt. Present in the fabric at the occasional frequency 

level are sub rounded fragments of chert (0.05 - 

0.15mm), - sub angular fragments of sandstone (Typ 1.3mm) 

and sub angular grains of pyroxene (0.02-0.08mm). 

Sparse angular feldspars (0.03-0.16mm), rare to 

occasional angular fragments of igneous rock (Typ 

0.9mm) and rare lozenges of shale (Typ 0.2mm) were also 

present with occasional sub rounded opaque grains (Typ 

0.05mm) and abundant flakes of mica (0.02-0.3 Typ 

0.06mm) completing the mineral assemblage. 

CRAM016, CRAM018, CRAM019, CRAM020, CRAM028, CRAM035 

An orange 

brown birefringent clay matrix with a well sorted sub 

rounded to angular quartz fraction comprising rare fine 
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sand and abundant coarse silt. The fabric also contains 

at the rare to occasional ýlevel of inclusion sub 

rounded grains of chert (0.04-0.25mm), sub angular 

feldspars (0.04-0.12mm), sub angular fragments of 

sandstone (Typ 0.3mm), sub angular grains of calcite 

(Typ 0.12mm) and sub, angular rock fragments (Typ 

0.25mm). Also present at this level are rounded 

lozenges of shale (Typ 0.05mm) and rounded to sub 

angular opaque grains (0.05-0.6 Typ O. lmm). Common 

flakes of mica completed the assemblage (0.02-0.2 Typ 

0.03mm) although it is interesting to note that sample 

26 contained a single rounded grain of weathered schist 

(1.3mm). 

CRAM026, CRAM036 

A red brown 

birefringent clay matrix containing a sub rounded to 

angular poor to moderately sorted quartz fraction 

comprising abundant fine silt and very rare fine and 

medium grade sand. Present at the occasional level are 

angular fragments of chert (Typ 0.4mm) and angular 

feldspars (Typ 0.3mm), along with occasional to sparse 

sub angular fragments of sandstone (0.45-1. lmm), common 

to abundant rounded to sub angular opaque grains (0.05- 

0.9 Typ 0.15mm) and common flakes of mica (0.02-0.25 

Typ 0.05mm). 
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CRAM013, CRAM032 

An 

orange brown birefringent clay matrix containing a sub 

rounded to angular poorly sorted quartz fraction 

comprising rare to occasional medium, sparse to common 

fine grade sand and abundant fine silt. The fabric also 

contains at the rare to occasional level of occurrence 

sub angular grains of chert (0.03-0.15mm), sub angular 

feldspars (0.06-0.2mm), sub rounded fragments of 

sandstone (Typ 0.4mm), sub angular grains of pyroxene 

(0.12 - 0.2mm), sub angular igneous rock fragments (Typ 

0.4mm) and rounded lozenges of shale (Typ 0.4mm). 

occasional sub rounded opaque grains (0.05-0.4 Typ 

O. lmm) and common flakes of mica (0.03-0.2 Typ 0.05mm) 

complete the mineral assemblage. 

CRAM014, CRAM021, CRAM024, CRAM034, 
CRAM038, CRAM023, CRAM033 

An orange brown 

birefringent clay matrix containing a sub rounded to 

angular moderately sorted quartz fraction comprising 

rare coarse, occasional medium and common fine grade 

sands coupled with abundant fine silt. The fabric also 

contains at the rare to occasional inclusion frequency 

sub angular grains of chert (0.1 - 0.3mm) along with 

sub angular feldspars (0.08- 0.22mm) and sub angular 

200 



fragments of sandstone (0.15-0.47 Typ 0.23mm). Also 

present at this level were sub rounded grains of 

pyroxene (Typ 0.03mm), rounded lozenges of shale (0.18- 

0.25mm) and rounded iron rich grains (0.15-0.5mm). 

Occasional sub rounded opaque grains (0.05-0.2 Typ 

0.1mm) and common flakes of mica (0.02 - 0.6 Typ 

0.05mm) complete the mineral suite. 

CRAM015, CRAM025, CRAM027, CRAM031, CRAM037 

A red brown birefringent 

matrix containing a very well sorted sub angular, to sub 

rounded quartz fraction comprising rare fine sand along 

with abundant fine silt. The fabric also contains 

occasional sub angular grains of chert (Typ 0.03mm), 

sparse angular feldspars (0.05-0.07mm), and very rare 

angular fragments of basalt (Typ 1.1mm). occasional 

rounded opaque grains (Typ 0.05mm) and abundant flakes 

of mica (0.02 - 0.1 Typ 0.05mm) are also present. 

CRAM030 

A red brown birefringent clay 

matrix containing a rounded to sub angular poorly 

sorted quartz fraction comprising sparse fine and rare 

medium grade sands along with sparse silt. Also present 

in the fabric were occasional rounded grains of chert 

(0.23-0.35 Typ 0.27mm), occasional sub angular 
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feldspars (0.04-0.08mm), very rare rounded opaque 

grains (Typ 0.05mm) and sparse flakes of mica (0.03-0.1 

Typ 0.06mm). 

CRAM017 

An orange red 

birefringent fabric with a distinctive black reduced 

core containing a sub rounded to sub angular poor to 

moderately sorted quartz fraction comprising rare 

coarse, medium and fine sand grades along with sparse 

silt. Also present in the fabric are abundant sub 

rounded to sub angular fragments of grog (0.15-1.3 Typ 

0.55mm), sparse to common organic residue voids, 

suggestive of a burnt out organic temper, sub angular 

opaque grains (0.1-0.35mm) and moderate flakes of mica 

(0.02-0.06 Typ 0.03mm). 

CRAM022, CRAM029 

Once again in the absence 

of more abundant diagnostic mineral inclusions (with 

the obvious exception of Fabric 4) we are left with a 

classification based upon changes in the quartz 

component of the overall mineral suite. The non quartz 

mineral frequencies are presented in table 3.11. 

Looking at the petrological, results it is clear 

that the two main fabric groupings are split on the 

basis of changes in the silt fraction, which although 
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present at the common to abundant level in both differs 

as to its exact nature, Fabric 1 containing a slightly 

coarser silt fraction than Fabric 2. 

Of the remaining fabrics Fabric 3 appears to be 

unique in that it is the only potentially local fabric 

to display a marked absence of silt, whilst Fabric 4 is 

clearly not of local origin as its fabric is radically 

different in terms of technology and inclusion from any 

of the suggested local wares. 

It is obvious that Fabrics 1 and 2 could have 

derived from the same basic clay outcrop given the very 

ambiguous nature of the shared non-quartz mineral 

fraction. This is supported by the chemical homogeneity 

seen between the fabric groupings. 

Looking in terms of possible tempering the results 

are summarised in table 3.12. Fabric 4 contained 

characteristic inclusions of crushed pottery indicating 

that it had been deliberately tempered. Of. the 

remaining sherds sample 15 displayed the characteristic 

bimodal distribution whilst the rest showed the- biased 

distribution indicative of clay preparation. Sample 30 

is an extreme example of this modification, showing a 

very high skew towards the silt fraction. 

Several factors regarding the petrology of this 

group are of note, the first concerns fabric 2a where 

the size of the sand grains present in the sandstone 

fragments was seen to be of exactly the same magnitude 
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as the majority of free sand grade grains in the 

matrix. This phenomenon was also noted in the Inveresk 

ware sherds studied by Tomber (Tomber 89). As there is 

no evidence for the addition of a sand temper this 

would suggest that the sand was derived from weathered 

sandstone, with the rare to occasional sandstone 

fragments seen in the matrices of the sherds 

representing poor quality control at the clay 

preparation stage. In the remaining fabrics the 

sandstone fragments were not sufficient enough to 

enable such a comparison to be made and in no cases 

were enough sandstone component grains present to 

facilitate a meaningful textural analysis. 

Of special note are sherds 34 and 33. In the case 

of sherd 34, as well as igneous rock fragments being 

present there are also fragments of a microporphoritic 

lava. in this sherd all of the rock fragments tended to 

be small and rounded suggesting that they are natural 

to the clay and not deliberate additions. Sample 33 is 

interesting in that one sandstone fragment shows a very 

high felspathic content which could suggest that it is 

derived from a carboniferous deposit. Petrographically 

these samples reflect very well the underlying geology 

of the Antonine wall zone as discussed in Section 1. 

As with the Inveresk ware 
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there were several samples with too biased a grain size 

distribution to facilitate a, multivariate analysis and 

these have been combined into a default textural group 

comprising samples 13,22,26,29 and 30. The remaining 

samples were analysed giving the result sets presented 

in table 3.10. Once again there was no agreement 

between the raw and transformed data sets and the 

decision was made to concentrate upon the Aitchison 

transformed data set. Seven samples showed significant 

textural differences from the main ware group and it is 

interesting to note that with the exception of sample 

18 all of these samples belonged to Fabric 2. 

The percentage quartz data is presented in figure 

3.3 where a-clear core group can be seen between 12 and 

22% quartz. Outlying to this on the low percentage side 

we have samples 22,29 and 17, comprising petrological 

Fabrics 3 and 4. The only outlier from the main fabrics 

is sample 18 which has a higher than typical quartz 

content. It is interesting that this sample is the only 

fabric One sherd to show a marked-textural variation. 

This phenomenon -can now be seen as a possible 

reflection of sampling bias introduced by its increased 

quartz content. 

When the -result sets from the analyses are 

combined (table 3.12) it is immediately clear that the 

petrological defined fabrics 3 and 4 are also 

chemically distinct and thus can be regarded as 
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distinct non local products. Of the remaining samples a 

single beaker from Fabric 1 proved chemically distinct 

from the main ware group, and an everted rim jar from 

Fabric l(a) showed both chemical and textural 

variations from the core-group. These sherds can also 

be regarded as originating from a chemically distinct 

clay and thus a different production source. The core 

chemical group is presented in table 3.13 along with 

the relevant form information. 

What is immediately obvious is the concentration 

of texturally distinct samples in Fabric 2, with the 

discussed exception of sample 18, including the heavily 

biased sample group. 

Looking in terms of form it is clear that this 

textural phenomenon is not linked as there are 

instances of clearly defined forms such as the Cramond 

jar appearing in both Fabric groups 1 and 2, the same 

is true of the everted rim jar and dish forms. The most 

plausible explanation for this phenomenon is that the 

textural analysis is simply reflecting and contrasting 

the coarse silt fraction of the fabric One sherds with, 

the essentially masked finer silt component 

characterising Fabric 2. 

It should be stressed that only approximately one 

half of the Fabric 2 sherds show textural autonomy, 

this may be a reflection of the distortion introduced 

by the masking of the fine silt fraction or may more 
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importantly reflect a visually imperceptible transition 

phase between the two silt states. 

The implications are wide reaching as chemically 

the two petrological fabric groups are identical. The 

most plausible suggestion, (in the light of the clay 

indicative nature of silt) is that we are seeing the 

exploitation of two areas of differing silt content 

clay from the same basic source outcrop. 

Looking in terms of the remaining inclusions the 

identification of sandstone as a sand source for Fabric 

2a is of utmost importance as the trace presence of 

sandstone fragments in the other core ware sherds 

argues strongly for the extension of this potential 

source to the ware as a whole. 

Looking again at form it is clear that the very 

well defined Inveresk flagon forms were identical both 

chemically and petrologically to the Cramond jars, the 

form seen to typify the local Cramond production 

(pers. comm Ford). This would suggest that the products 

were produced at the same kiln or workshop. With the 

exception of the occasional sandstone inclusions there 

was a remarkable petrological similarity between the 

Cramond and Inveresk assemblages, thus-supporting this 

view and suggesting at least a shared clay source if 

not production centre. This phenomenon will be 

discussed in more detail in the second stage of the 

data analysis. 
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once again the local ware included a Samian 

imitation vessel and in a similar fashion to the 

Inveresk example the fabric showed a strong silt bias 

suggesting again perhaps a conscious effort on the part 

of the potter(s) responsible to not only mimic the form 

and decoration but to strive for the characteristic 

clean fabric. The close parallels with the Inveresk 

example are obvious and serve to stress the possibility 

of a single, shared production centre for the two 

wares. 

One important observed form is the 

Belgic platter, seen in sample 25, which as discussed 

in the Croy Hill example, is an anachronistical form 

seen to typify local production on the Antonine 

frontier. Unlike the situation at Croy it is clear that 

the form'observed here is part of the observed local 

production suite. 

The rough cast beaker is-the only local form to 

show any evidence for the addition of a quartz temper 

through a bimodal distribution. In the absence of 

further samples from this type group it is hard to make 

any wide form/functional statements but it appears that 

in this example a distinct technology was utilised for 

its manufacture. 

The. "Cramond local ware" group comprised 

a chemically very homogeneous ware almost totally 
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untempered although showing clear clay preparation 

effects, with textural variations most probably linked 

to the silt fraction of the source clay rather than 

form and function (with the exception of the rough cast 

beaker). The identification of a sandstone derived 

coarse/medium grade sand fraction, opens up the 

possibility of weathered sandstone as a quartz source 

for the entire ware group. The similarities between the 

Cramond and Inveresk wares are striking and the 

possibility of a single production source will be 

investigated in the second stage of the analysis. 

The site of Bearsden produced 

18 sherds for petrological analysis comprising all of 

the main form groups identified by Hird. This yielded 

36 Neutron Activation analysis samples. The results of 

both the chemical and textural analyses have been 

exhaustively discussed in Section 2, suffice to say 

that four samples were chemically outlying 

corresponding to a flat rimmed carinated bowl, everted 

rim jar and two Belgic platter forms. Four samples 

showed textural differences from the ware norm. The 

results for the respective analyses are presented in 

table 3.14. 

The eighteen sherds 
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analysed yielded four distinct fabric groupings: 

An orange brown 

birefringent clay matrix containing a sub rounded to 

angular moderately sorted quartz fraction comprising 

occasional coarse, common medium and abundant fine 

grade sands along with abundant silt. The matrix 

contains at the occasional level of occurrence sub 

angular flint fragments (0.1-0.2 Typ 0.125mm), sub 

rounded to sub angular feldspars (0.05-0.2mm) including 

sub rounded microcline fragments (0.175-0.25mm), 

rounded to sub angular fragments of sandstone (0.37- 

1.5mm) and rounded to sub angular pyroxene (0.175-0.3 

Typ 0.25mm). Occasional rounded to sub angular pellets 

of clay are also present including in sample 2 an 

example with basic laval inclusions and clear shape 

distortion due to squeezing. sparse sub rounded to sub 

angular poorly sorted opaque grains (0.125-0.6mm) and 

very rare flakes of mica (0.05 - 0.3mm) complete the 

range of mineral inclusions present. 

BDO01, BDO02, BDO03 

An orange brown birefringent 

clay matrix with a sub rounded to angular moderately 

sorted quartz fraction comprising rare to occasional 

coarse, common medium and abundant fine grade sand long 
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with common silt. It is interesting to note that in 

some cases the coarser quartz grains reached 3mm in 

diameter which places them in the "granule" size 

category. It is also of note that some metamorphic 

quartz grains are present at the very rare level of 

inclusion and indicative of glacial drift. The matrix 

also contains occasional sub rounded to sub angular 

feldspars (0.075-0.25mm), sparse rounded to sub angular 

poorly sorted opaque grains (0.05-1.0mm) and occasional 

flakes of mica (0.05-0.5mm). The following inclusions 

are present at the very rare to occasional level of 

occurrence: sub rounded to sub angular grains of 

pyroxene (0.05-0.37mm), rounded to angular fragments of 

sandstone (0.2-1.25mm), sub rounded pellets of clay 

(0.75-l. Omm), ' sub rounded to sub angular microcline 

(0.2 - 0.14mm) and sub rounded to angular flint grains 

(0.175-0.8 Typ 0.3mm). Also present at this inclusion 

level were sub angular fragments of igneous rock (0.5- 

2. Omm), angular fragments of agate (most likely derived 

from a laval source) (Typ 0.75mm), -rounded lozenges of 

shale (0.6-0.75mm), sub rounded fragments of amphibole 

(0,. 125-0.2mm), sub rounded to sub angular grains of 

chert (0.25-0.75 Typ 0.37mm) and angular chist (Typ 

0.625mm). 

BDO04, BDOOS, BDO06, BDO07, BD010, BD013, BDO15, BDO16, 
BDO17, BDO18, BDO19, BDO20 
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An orange brown 

birefringent clay matrix containing a sub rounded to 

sub angular poorly sorted quartz fraction comprising 

common medium and fine sands along with common silt. 

Also present in the fabric at the occasional frequency 

level are rounded to sub angular pellets of clay (0.5 - 

1.0mm), sub angular to angular fragments of sandstone 

(0.675 1.8mm), sub angular to angular feldspars 

(0.125-0.25mm) including sub rounded to sub angular 

grains of microcline (Typ 0.25mm). Sparse sub rounded 

opaque grains (0.1-1.5mm) and sparse flakes of mica 

(0.025-0.125mm) complete the suite of mineral 

inclusions. 

BDO12, BDO14 

An orange brown 

birefringent clay matrix showing very good preferred 

orientation and a mottled texture indicative of a very 

fine silty source clay. The rounded to"angular poorly 

sorted quartz fraction comprised occasional coarse, 

common medium and-'fine grade sand and occasional 

visible grains of silt. Also present in the matrix are 

occasional sub angular fragments of sandstone (0.37- 

0.75mm) and occasional rounded to sub rounded opaque 

grains (0.25-1.0mm). 
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BDO08 

As with the previously analysed 

ware groups the fabric groupings here are defined 

principally upon the behaviour of the quartz fraction. 

Once again the remaining (and potentially more 

diagnostic) mineral inclusions are seldom present other 

than at the rare to occasional level of inclusion 

(table 3.15). Looking at the identified fabrics it is 

immediately clear that Fabric 4 is markedly different 

in its mineral composition, as compared to the 

remaining fabrics which are distinguished within the 

quartz fraction on the basis of a silt decrease 

occurring between Fabrics 1 and 3. There also appears 

to be a decrease in the overall sand content between -2 

and 3. 

It is clear that all three of the groups could 

have derived from the same source clay given the very 

ambiguous nature of the non quartz mineral fraction and 

this is supported by the chemical homogeneity seen 

between the three fabric groupings (table 3.16). 

In technological terms the ware samples show only 

the silt biased distribution form indicative of some 

form of clay preparation. Only two samples showed the 

bimodal form typical of tempering effects and these 

corresponded to Fabrics 3 and 4. 

Taken as a whole the Bearsden ware group is 

remarkable in that it is the most petrologically 
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homogeneous of all of the local wares so far analysed, 

with the majority of the sherds falling into a single 

fabric grouping, albeit a crude one thanks to the 

undiagnostic mineral assemblage. The results of the 

various analyses are presented in table 3.16. It is 

clear that as well as displaying marked petrological 

homogeneity, the ware is also chemically very 'well 

defined, with only four samples showing a deviation 

from the ware norm and thus defined as outlying' with 

respect to the basic local group. Of these four samples 

only one (sample 12) showed unique petrological, 

textural and chemical traits confirming its non local 

source assignation. II 

The observed high correlation between the 

Percentage quartz estimate Fig 3.4 and the petrologicaI 

Fabrics 3 and 4 is unremarkable, as the basis of the 

fabric classification was in essence a visual estimate 

of the basic quartz percentage. 

Of more interest is the lack of any real 

correlation between the multivariate textural ' and 

petrological/chemical result sets. The underlying 

reasons for this phenomenon lie with the masking of the 

fine portion of the silt fraction and are discussed at 

length in Section 2. 

Looking in terms of form and function, table 3.17 

displays the relevant information, where several 

features are immediately obvious. The first- is the 
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remarkable lack of correlation between the identified 

outliers and form "groups" with the exception of the 

large flanged bowls (comprising type 27 and forming 

petrological Fabric 1). We are seeing no textural or 

chemically exclusive ware types at all, which parallels 

the situation at the site of Cramond where there are no 

discernable links between form/function and fabric 

technology. There is an important difference however 

as at Bearsden there is not the obvious coarse/fine 

silt phenomenon to mask any such changes. 

The textural differences are well defined by the 

discriminant analysis where there is no evidence for 

the Croy Hill levels of textural norm deviation. The 

observed differences here can only be explained in 

terms of batch variations induced by a change in the 

clay selection or preparation strategy, as there is no 

evidence for any intra-batch specific form 

modifications or tempering. 

The lack of any textural variation in Fabric 1 is 

curious as the form is very similar to those employed 

in the manufacture of mortaria (Hird 1986) and thus one 

would expect if not specialist production, some change 

to the standard fabric technology. The silt fraction 

change reflected in the petrological classification of 

this group suggests the exploitation of a different 

portion of the chemically homogeneous source clay as 

the silt fraction is unaffected by potter interaction. 
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The overall results tend to suggest that the type was 

part of the normal coarse ware repertoire of the 

potter(s) responsible. 

Fabric 4, the so called "native" ware sherd has 

not been chemically analysed at this stage of the 

analysis (it will be examined in detail in Section 4) 

although petrologically very diagnostic and showing 

evidence for tempering. It would appear that the clay 

exploited conforms to the general type- clay utilised 

for the antonine coarse ware group, however the very 

fine silt content (giving the characteristic mottling) 

is not a feature of the other fabric groups, which 

suggests that the precise clay source responsible -was 

not used for the production of the Roman -, coarse 

pottery. Whether this represents a portion of the same 

clay source or a chemically identical outcrop, is 

unknown in, the absence of extensive clay survey ýand 

analysis. The fact that it shows no textural variation 

is very strange as it is very unlikely that the same 

sand source or potter would have been involved in the 

manufacture of Fabrics 1,2,3 and of 4. One explanation 

could be that the sand fraction is- natural to the 

exploited clay source, which could be supported by the 

angularity of the quartz grains but this is unlikely. 

Without extensive research into the basic nature of the 

clays it is hard to explain this phenomenon. 

One interesting factor arises from the fact that 
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some of the sherds show evidence for clay preparation 

in terms of their quartz size distributions, yet 

contain 3mm+ coarse sand granules. We could be seeing 

evidence here for very coarse sieving as'a preparatory 

measure. The rare occurrence of the coarse granules 

could however be interpreted as poor quality control on 

the part of the potter given the generally silt 'biased 

nature of the quartz distribution. As this phenomenon 

does not occur in the other sherds showing the skewed 

distribution this seems to be the most likely case. 

The previously discussed belgic platter form is 

well represented in the core fabric grouping confirming 

in this instance its position as a local "type" form. 

Another important vessel form present at the site was a 

barbotine decorated samian imitation very similar to 

the examples seen at Croy, Inveresk and Cramond. Sadly 

no comparisons can be made because the relative rarity 

of the type and decorated nature of the recovered 

sherds excluded it from the group made available for 

sampling. 

Summarv: 

At the site of Bearsden we have a 

local fabric showing a very high degree of both 

petrological and chemical homogeneity between the 

component sherds, although very little in the way of 

any textural sub-structure and no evidence for local 

ware temper addition. Even when faced with possible 
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specialist forms the textural analysis appeared to show 

only possible between batch variations. As with the 

Cramond ware there was no correlation at all between 

form/function and fabric technology though unlike 

Cramond this cannot be attributed to a making effect 

induced by a between batch silt size change. 

What the result does suggest is that the original 

macroscopic identification of a single ware group was 

valid. 

The site of Duntocher presents the 

most complex situation as regards the analysis of a 

suggested local product. As discussed in Section 1, 

although the excavation unearthed a kiln along with 

pottery debris in a series of very diagnostic forms, 

the material has been removed from all museum 

collections by the excavator. All that remains of the 

site assemblage is a single museum draw comprising less 

than 100 miscellaneous sherd fragments. Attempts made 

to access the material were firmly resisted resulting 

in a sample of 20 sherds being taken from the 

miscellaneous sample pile. These samples comprised 5 

very distorted waster sherds in red-brown oxidised 

fabrics, along with three sherds in a unique very light 

biscuity fabric. The remainder of the sample was 

composed of various oxidised body sherds. 

It should be stressed that all of the samples were 
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in an oxidised fabric and all were body sherds, making 

any strict identification of form impossible beyond 

extrapolation from lattice decoration zones where 

observed. Therefore for a potentially crucial 

production type site we are left with a, motley 

collection of undiagnostic sherd debris from which 20 

samples were taken in the hope of shedding light upon 

the mechanisms of ceramic production. 

Very good areas of 

agreement were observed between the component cluster 

algorithms and the independent principal factoring 

which gave the simplification presented in table 3.18. 

As can be seen the main body of the ware is split into 

two component groupings along with 4 single sherd 

samples displaying unique chemical compositions. It 

should be noted that sample 34 (corresponding to thin 

section DT017) was lost from the analysis at the sample 

preparation stage due to'contamination problems in the 

sealing of the quartz tubules (see section 2 for 

details) in the modified sampling procedure. 

The 20 samples analysed 

yielded four clearly defined fabric groupings: 
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An orange brown birefringent 

clay matrix containing a sub rounded to angular very 

well sorted quartz fraction comprising occasional 

coarse, common medium and fine grade sands and 

occasional silt. Also present in the matrix are 

occasional sub-rounded grains of chert (0.25-0.3 Typ 

0.25mm), occasional sub-rounded fragments of sandstone 

(Typ 0.5mm), occasional sub-rounded feldspars (0.25-0.3 

Typ 0.25mm) and sub-rounded to angular fragments of 

flint (0.25-0.5 Typ 0.3mm). Occasional sub-rounded 

opaque grains (0.25-0.5 Typ 0.25mm)and rare flakes of 

mica (Typ 0.05mm) complete the suite of observed 

mineral inclusions. 

DT010, DT011, DT014, DT015 

An orange-brown 

very birefringent clay matrix containing a sub-rounded 

to angular poor to moderately sorted quartz fraction 

comprising rare coarse, occasional medium and 

occasional to common fine grade sand along with 

occasional to common silt. The fabric also contains 

common rounded to sub-angular graýins of chert (M5- 

0.35 Typ O. lmm) and at the occasional level of 

occurrence sub-angular feldspars (Typ 0.29mm) including 

angular grains of microcline (0.15-0.17mm), angular 
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fragments of sandstone (Typ 0.55mm) and sub angular 

grains of pyroxene (0.15-0.29mm). Sparse angular 

fragments of a fine grained igneous felspathic lava 

(0.25-0.45mm), common rounded to sub-angular opaque 

grains (0.05-0.7 Typ 0.15mm) and occasional flakes of 

mica (0.01-0.25 Typ 0.05mm) complete the mineral suite. 

DT016, DT017, DT018, DT009 

An orange brown 

birefringent clay-matrix with a rounded to angular poor 

to moderately sorted quartz fraction comprising 

occasional coarse and medium, and abundant fine grade 

sand along with common silt. Also present in the matrix 

are occasional sub-rounded fragments of chert (0.13-0.8 

Typ 0.25mm), common sub-angular feldspars (0.08-0.21mm) 

and occasional sub-angular flint fragments (0.125- 

0.55mm). Occasional sub-angular fragments of pyroxene 

(Typ 0.07mm), common rounded to angular opaque grains 

(0.05-1.5 Typ 0.2mm) and sparse to common flakes of 

mica (0.02-0.1 Typ 0.7mm) complete the assemblage. 

DT005, DT012 

An orange-brown 

very birefringent clay matrix containing a sub-rounded 

to angular poor to moderately sorted quartz fraction 

comprising occasional coarse, common medium and fine 
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grade sands along with abundant silt. Present at the 

occasional level of inclusion are sub-rounded grains of 

chert (0.1-0.25mm), sub-rounded feldspars (Typ 0.2mm) 

including angular grains of microcline (Typ . 02mm) and 

sub-angular flint fragments (Typ 0.27mm). Also present 

are common sub-rounded fragments of sandstone (0.32-0.8 

Typ 0.4mm), common sub-rounded clay pellets (0.12-0.8 

Typ 0.25mm), common rounded to sub-angular opaque 

grains (0.15-0.9 Typ 0.45mm) and occasional to sparse 

flakes of mica (0.05-0.15 Typ O. lmm). 

DT004, DT006, DT007, DT003 

A red-brown birefringent 

clay matrix with a sub-rounded to angular poorly sorted 

quartz fraction comprising rare medium, occasional fine 

grade sand and abundant silt. Also present in the 

fabric are occasional rounded feldspars (Typ 0.04mm) 

and sub-rounded fragments of flint (Typ O. 1mm). Sparse 

rounded to sub-angular opaque grains (0.1-1.0 Typ 

0.3mm) and common flakes of mica (0.02-0.12 Typ 0.04mm) 

complete the very narrow range of mineral inclusions 

present. 

D T013, DT019 

An orange- 

brown highly birefringent clay matrix containing a 
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rounded to angular poorly sorted quartz fraction 

comprising occasional coarse, medium and fine grade 

sand along with abundant. -, silt. Present at the 

occasional level of occurrence are sub-angular grains 

of chert (0.15-0.3mm), sub-angular feldspars (0.12- 

0.4mm) including sub-angular grains of microcline (Typ 

O. Imm), rounded grains of flint (Typ O. llmm) and sub 

angular fragments of sandstone (Typ 0.15mm). Also 

present in the matrix are common rounded to sub angular 

clay pellets (0.1-1.25 Typ 0.3mm), common rounded to 

sub-angular opaque grains (0.05-0.75 Typ 0.15mm) and 

common flakes of mica (0.025-0.1 Typ 0.05mm). 

DTOOS 

A red-brown 

birefringent clay matrix containing a rounded to 

angular moderately sorted quartz fraction comprising 

occasional coarse and medium grade sand along with 

common fine grade and abundant silt. Also present in 

the matrix were occasional sub-rounded chert fragments 

(Typ 0.35mm) and common rounded to sub-rounded opaque 

grains (0.05-0.3 Typ O. lmm). It should be noted that 

the matrix shows the characteristic structural 

breakdown associated with over firing giving a very 

hard vitrified fabric suggesting that these sherds 

represent some fraction of the failed portion of- a 

single kiln firing. 
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DT001, DT002 

FA. RRTC FOUR: More Anaular Ouartz + Shale 

A red-brown 

birefringent clay matrix containing a rounded to sub- 

angular moderately sorted quartz fraction comprising 

rare coarse, common medium and fine grade sand and 

occasional silt. Also present at the occasional level 

are rounded to angular chert grains (0.18-0.35 Typ 

0.25mm), sub-angular fragments of sandstone (Typ 

0.25mm) and s ub-angular grains of pyroxene (Typ 

0.15mm). Rare sub-rounded opaque grains (Typ 0.15mm), 

occasional flakes of mica (0.03-0.05mm) and sparse sub- 

angular fragments of shale (Typ 0.4mm) complete the 

mineral assemblage. 

DT020 

The petrological groupings are 

summarised in table 3.18 where once again the basic 

fabric classification is structured around changes in 

the size and shape of the quartz fraction. Here Fabrics 

1 and 4 show a low silt background whereas Fabrics 2 

and 3 contain common to abundant silting. Looking at 

the remaining, mineral assemblage Fabric la shows common 

chert inclusions (becoming abundant in sherd -9) and 

Fabric 2a common sandstone fragments, these details are 

presented in table 3.19. The remaining inclusions 

conform to the observed rare to occasional occurrence 
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level trend witnessed in the earlier ware examinations. 

In technological terms Fabric 2 showed a clear 

bimodal distribution (indicative of tempering) and 

Fabrics 1 and la contained the Dialy samples in the 

entire analytical programme to show the normal 

distribution taken by Rye as indicative of the use of 

an unmodified source clay. The remaining sherds show 

the biased distribution form indicative of clay 

preparation, with Fabric 2a showing the extreme silt 

only distribution form. The results of the distribution 

assessment are summarised in table 3.20. 

Several individual sherds are of particular 

interest, sherd 18 (Fabric la) contained alongside 

fragments of fine grained igneous rock, fragments of 

chalcedony, a mineral commonly associated with laval 

deposits which fits in with the known local geological 

trends (Section 1). This inclusion feature is unique 

but once again its appearance at the very rare 

inclusion level makes any broad interpretation 

difficult. Sample 12 (Fabric lb) is also curious in 

that it contains a very high number of iron-oxide 

concentration features, alongside grains of iron loaded 

quartz, a phenomenon seen in very similar conditions to 

chalcedony ie. lavas. The overall fabric appears to be 

either the result of poorly executed clay mixing (and 

thus indicative of the exploitation of 2 clay sources) 

or the use of a poorly prepared soil clay. In 
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conclusion although the quartz fraction indicates a 

Fabric 1 membership, the basic clay of the sherd matrix 

is quite unique. 

- Fabric 4 shares many quartz fraction features with 

Fabric 1 but can be clearly differentiated on two 

counts. The first is in the increased angularity of the 

sand fraction in Fabric 4 (although the normality of 

the distribution suggests that it is natural to the 

clay and not added) and the second and most important 

lies with the presence of shale inclusions within 

Fabric 4, making it petrologically unique. This fabric 

also shows evidence of zoning in the clay fraction with 

two clays of differing birefringence. Traditionally 

this has been regarded as indicative of clay mixing, 

but Woods has pointed out that most clay deposits 

naturally contain clays of different colours which may 

be difficult to disperse through even the most rigorous 

mixing methods (Woods 82). Therefore we have the 

possibility that two poorly mixed clays were being 

utilised for the manufacture of this fabric. This 

combination of features makes the fabric unique with 

respect to the majority of the ware group. 

Fabric 3 is perhaps the most valuable of the 

groupings in that the clay fraction was fired to a 

temperature high enough to result in the vitrification 

of the fabric, a process whereby the silicate materials 

present in the matrix melt or fuse to form a viscous 
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liquid (Rye 81). The result of this is the deformation 

or breakdown of the vessel body. It is clear here that 

the observed sherd distortions are due to kiln wastage. 

The chemical importance of such sherds in the 

assignation of a site "fingerprint" cannot be stressed 

as such vessels were seldom traded even when surviving 

in a useful form (Swan 84). 

The textural analysis 

procedure was once again carried out upon the raw and 

logratio transformed data sets with by now predictable 

results. The raw data showed few areas of agreement 

between the independent cluster and principal factor 

analyses, whereas the transformed data set gave a very 

consistent interpretation which is that presented in 

table 3.18. Once again some of the sample sherds 

displayed, too biased a grain size distribution to 

facilitate multivariate analysis and these sherds have 

been regarded as comprising -a distinct textural 

grouping. The analysis identified six sherd outliers 

which were very clearly defined by a discriminant 

analysis check, there was no evidence for the Croy 

levels of textural change. 

The percentage quartz analysis identified a group 

of sherds falling below 10% and'3 sherds above 26%, 

with the bulk of the samples falling in the 14 - 25% 
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range band (fig 3.5). The results are presented in 

table 3.18. 

The combined data interpretations are 

presented in table 3.20 where a very good level of 

agreement is immediately apparent between the chemical 

and petrological result sets in terms of the cohesive 

nature of the fabric groupings. The first Naa grouping 

contains Fabrics 1, lb and 3-with the second grouping 

comprising la, 2,2a and 2b. What is obvious is that 

there is a total lack of agreement between the chemical 

result set and the main petrological trend of low silt 

VS. high silt, suggesting that though chemically 

homogeneous the exploited clay sources' are not 

homogenous in terms of their silt distribution, a 

feature seen with the other wares analysed. The fact 

that the silt changes observed between the fabric 

groupings is nj= reflected in the textural analysis 

results is a-result of the masking of the fine fraction 

to minimise distortion (as described in Section 2). 

The clear petrological oddities, samples 12,18 

and 20 are all chemically distinct confirming their 

positions as outlying probably non-local sherds. The 

only other chemical outlier is sample 3 which although 

lacking -in petrological or texturally diagnostic 

features (other than the presence of sand as a temper) 

shows so distinct a chemical fingerprint as to suggest 

an independent source. 

228 



Looking at the ware texturally, the biased sherds 

fall neatly into Fabric 2a and the outlying sample 12 

shows clear textural differences, however beyond this 

there is n. Q correlation between the textural result set 

and those for the chemical and petrological analyses. 

The lack 'of available form data (ie., only one form 

identified from the sherd collection) makes any 

attempts at a form/functional interpretation 

impossible. One possible clue to the nature of the 

observed textural changes comes from samples 1 and 2 

which are , not only chemically identical but 

petrologically, and macroscopically are so closely 

comparable as to suggest they were originally part of a 

single vessel, yet texturally are clearly different 

(NB. Looking for further archaeological confirmation as 

to a single vessel source in terms of location context 

was impossible as-without the site report the abstract 

code -numbers were meaningless). We- could simply be 

seeing the effects of poor quality control on the, part 

of the 'potter' or more plausibly an inhomogeneous 

distribution, of the sand fraction throughout the source 

vessel. Whether this arises naturally or whether due to 

inadequate preparation of the clay is an -unknown 

factor. It should be stressed that this interpretation 

only holds for the chemical group containing the 

samples in question, in the absence of important 

typological data it-is very hard to make any statements 

229 



as to the nature of the observed variations in Naa 

group 2. 

-The percentage quartz results show good agreement 

with the petrological classification with very broadly, 

fabrics 3 and la comprising the low quartz band and 

fabrics 4 and a portion of 1 the upper band. Once again 

the importance of this result should not be overly 

stressed as in this instance the petrological fabric 

identification was undertaken mainly on the basis a 

visual assessment of the quartz percentage. 

As discussed the form information for the sherds 

is limited to a single sample (sherd 3), a lattice 

decorated cooking pot with an everted rim, however 

several of the sherds showed deformities indicative of 

failed firing procedures. This information is presented 

in table 3.21. 

Here we can see one of the suggested waster 

samples, a lattice decorated body sherd showing slight 

distortion (sherd 20) dismissed as non local on the 

basis of the chemical and petrological analyses. The 

suggested waster (sample 19) with its characteristic 

deeply incised decoration is seen to form a distinctive 

textural and petrological fabric group along with 

sample 13. Both sherds fall within Naa group 2. The 

only samples with petrological evidence to support an 

interpretation of kiln wastage are 1 and 2, part of Naa 

group 1. It is clear on the basis of the analyses that 
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that these samples represent kiln wasters and thus 

would not be expected to travel beyond the source area. 

We can therefore regard the chemical signature of the 

sherds as reflecting that of the local ware grouping, 

ie. Naa group 1. The second chemical grouping lacks the 

petrological confirmation and should therefore be 

regarded as non-local or if local representative of a 

distinct phase-in the life of the manufacturing kiln 

whereby a second chemically distinct clay source was 

exploited. 

The Duntocher assemblage is unique in 

that no assumptions had or could be made regarding the 

possible nature of the material. The archaeological 

information argued very strongly for the presence of a 

pottery kiln at the site and the sherds sampled, 

although not ideal have produced very positive results. 

Analysis has revealed two distinct chemical and 

petrological groupings along with several well defined 

outliers. Of the possible waster material analysed only 

two showed petrological signs of a failed firing and 

thus enabled a potential local grouping to be 

characterised. The textural analysis undertaken formed 

no pattern with the results of the other analyses and 

in the absence of typological information no potential 

form correlates could be assessed. The seemingly 

arbitrary textural grouping could be a reflection of 
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between batch differences, however evidence from Naa 

group 1 suggests that perhaps the real reason lies with 

quartz distribution inhomogeneity. Technologically the 

defined local portion of the analysed group shows no 

evidence for tempering, the majority of samples showing 

evidence for raw clay exploitation (Fabric 1) or at 

most clay preparation (Fabrics lb and 3). 

The site of Bar Hill is the 

only frontier example to have a fully rpnorapa and 

excavated kiln alongside a clear assemblage of locally 

produced pottery in very diagnostic forms, including 

some simplified Samian copies. The problem with the 

site lies in the lack-of material that has been made 

available for analysis. In this case only 5 sherds were 

released. The reasons for this decision are concerned 

with the fact that the ware has already been deemed 

macroscopically very homogeneous and thus it was felt 

that 5 samples would adequately define the ware. The 

analytical result of this is that no multivariate data 

analyses could be undertaken at the intra site level. 

Chemically, a study of the coefficient of 

variation values shows only one element rising above 

the accepted level of in clay variation. This is the 

element Rubidium, which also shows a high value for V 

in the single homogeneity sample check (taken from 
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sample BHO04) and thus must be discounted as a reliable 

element. 

Plotting a simple graph of the two elements 

showing the best levels of homogeneity and widest 

variation, Co and Tb, results in a very spread picture 

of possible sherd sub grouping, figure 3.6. Although 

the small sample size makes even a simple graphical 

plot hard to interpret, sample BHOO5 appears to be 

isolated from the remaining sherds. It is worth bearing 

in' mind however that'although the elements displayed 

the greatest level of elemental spread within 'the 

sample group, these elements still show no more 

variation than is to be expected naturally in a single 

clay outcrop. This makes it very hard to draw any 

inferences from the result. 

The petrology of the 5 sherds was determined 

yielding the following interpretation: 

An orange birefringent 

clay matrix containing a sub-rounded to sub-angular 

well sorted quartz fraction comprising occasional 

coarse and medium grade sand, abundant fine and common 

silt. At the occasional level of inclusion the fabric 

also contains rounded pellets of clay (0.5-1.4mm), sub- 

rounded to angular fragments of sandstone (0.21- 

0.45mm), rounded to angular feldspars (Typ 0.09mm), 

rounded to sub-angular opaque grains (0.05-0.8mm) and 
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rounded to sub-rounded very silty clay pellets (Typ 

0.6mm). Present at the rare level are sub-angular to 

angular flints (0.1-0.25mm), sub-angular fragments of 

basalt (0.9-1.0mm), sub-angular basic igneous rock 

fragments (Typ 0.75mm) and sub-angular grains of garnet 

(Typ O. 1mm). Very Common flakes of mica complete the 

mineral assemblage. 

BHOO1, BHOO2, BHOO3, BHOO4 

An orange very 

birefringent clay matrix displaying good preferred 

orientation and consistent banding which is strongly 

suggestive of poor clay mixing. The matrix contains a 

sub-rounded to angular moderately sorted quartz 

fraction comprising occasional coarse and medium sands, 

common fine grade sand and occasional silt. At the 

occasional level the matrix contains sub-angular 

fragments of sandstone (0.15-3.5mm), rounded to sub- 

rounded opaque grains (0.05-0. lmm) and flakes of mica 

(0.01-0.12mm). At the rare level of inclusion sub- 

angular fragments of highly altered rock are present 

(Typ 0.75mm) along with rounded grains of flint (Typ 

0.06mm), sub-rounded squeezed clay pellets (Typ 0.8mm) 

and highly altered feldspars with iron rich coatings, a 

possible soil feature of the clay (Typ 0.45mm). 

BH005 
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It is clear from the petrological 

results that we are dealing with 2 clear fabrics on the 

basis both of a drop in the silt fraction and the 

strong evidence for possible clay mixing in sherd 5. 

What this result clearly suggests is that we are 

dealing with either very poor quality control or two 

very different fabric technologies being employed for 

particular vessels within the ware group as a whole. 

This is confirmed by the fact that sherd 5 shows clear 

evidence for the addition of a sand temper in the form 

of a bimodal grain size distribution. This is in direct 

contrast to the remaining sherds which show evidence 

for clay preparation only. 

In terms of the non-quartz inclusions the most 

interesting are the Clay pellets which characterise 

both of the petrological fabric groupings. These 

inclusions could, given their nature, be accidental 

additions but the frequency suggests strongly that they 

are deliberate potter additions in the form of a 

temper. The non quartz inclusion frequency is given in 

table 3.22. 

Texturally the lack of samples makes any 

multivariate or Kolmogorov-Smirnoff analysis pointless. 

The only textural data of any immediate use is the 

percentage quartz estimate and this only because of the 

very clearly marked level of differentiation, sherd 5 

(Fabric 2) shows 2.4% quartz as opposed to the tight 8- 
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11.6% band defined by the Fabric 1 sherds (fig. 3.7). 

This serves to support the identification of sample 5 

as an outlier by the petrology. 

The chemical and textural data will be 

analysed along with the other local wares in the second 

stage of the analysis where the homogeneity and 

relative autonomy of the Bar Hill samples can be 

assessed relative to the other site groupings. The 

combined results set (table 3.23) suggest strongly that 

sample BH005 comprised a different fabric to the 

remaining ware sherds though at the intra site level 

there simply is not enough material to facilitate a 

meaningful data analysis. The result does suggest that 

if the sherds derive from a single kiln batch then very 

different technologies were being employed in the 

construction of the pots that comprised it. 

The intensive study of the 

individual groups has identified refined ware 

descriptive groupings with which to characterise the 

local site products. We are seeing, with the notable 

exception of shale in the Croy group, a petrologically 

very uniform set of wares with the quartz fraction 

defining the nature of the petrological classification. 

Looking in technological terms only a very small 
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percentage of the locally assigned sherds displayed the 

characteristic bimodal distribution and increased 

angularity indicative of temper addition. This is also 

true of the normal distribution form seen as 

characteristic of untreated clay source exploitation. 

The vast majority of the samples displayed a bias 

towards the silt fraction resulting in a very skewed 

distribution form. This phenomenon can be interpreted 

in two ways, the first is as the result of clay 

preparation removing the coarser sand fraction, and the 

second as the deliberate exploitation of a very silty 

source clay by the potter. It is more than feasible 

that a combination of these, factors may be at work 

here. 

To investigate the nature of the possible 

preparation procedure the maximum inclusion sizes were 

determined for the samples showing the skewed 

distribution form. The data is presented in Appendix 

3.1. Looking at the sites individually, we see at Croy 

the common shale inclusions often crossing the 1.0mm, 

mark and reaching a maximum of 2.25mm in sherd 14. At 

Inveresk the maximum grain size in general falls under 

0-8mm with very rare rock inclusions reaching 1.25mm. 

The same situation is seen at Cramond where isolated 

sandstone fragments reach up to 2.5mm in amongst an 

inclusion assemblage typically under 1.0mm. The 

Bearsden assemblage contains rare sandstone and rock 
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fragments up to 2. Omm in maximum length along with 

isolated sand granules at the 3.0mm. level. At Bar Hill 

we are seeing clay pellets and rock fragments in the 

1.0 - 1.5mm. range in the untempered sherds. 

We have therefore grains over 1.0mm present in the 

so called "prepared" clays that have supposedly had the 

coarse fraction removed. In terms of frequency however 

in almost all of the cases these grains are very rare 

if not completely isolated. Where a typical size can be 

determined it is always seen to fall well under 1.0mm. 

A possible explanation for this comes with the 

case of the Bearsden ware where even the crudest 

preparatory sieving would remove the grains of 3.5mm, 

diameter found in the sherds. The Rye temper indicators 

suggest that these larger inclusions were not 

deliberately added and thus were natural to the source 

clay. Coupling this to the very low and uneven 

frequency of occurrence suggests that the inclusion of 

very large grains is due to poor quality control on the 

part of the potter preparing the clay batches rather 

than the result of a conscious decision. As a 

suggestion for further work experimental modelling on 

an identified source clay, related to a known batch of 

pottery would be very useful, enabling these 

possibilities to be tested. 

An alternative explanation is that the coarse 

inclusions are natural to a silty source clay (ie. 
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naturally biased) which has been used with very little 

if any modification. Without extensive clay sampling it 

is impossible to make any conclusive statements 

although the daub samples analysed in section 4 may 

shed some light upon the situation. 

Looking at interpretations of form and function as 

linked to fabric technology Rye has identified 3 

functional categories (Rye 81): 

1. Cooking or Heating. 

2. Storage of Solids. 

3. Storage of Liquids. 

Of these categories, 1 

would require good thermal shock resistance and a low 

permeability to prevent seepage and 3 in more colder 

climes, such as those afforded by the Antonine 

frontier, would require a low permeability fabric. 

Recent work by Woods however has shown that in the case 

of Black Burnished cooking pots the technology and form 

utilised for the manufacture of the vessels provided 

the worst combination of factors suggested as crucial 

for good thermal shock resistance. It is interesting to 

note that the cooking pot forms found in the suggested 

local assemblages showed. no evidence for any 

technological modifications. 

In general potters producing a wide range of 

vessels, as appears to be the case on the frontier, 
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have two basic options: 

1. They can use different materials and firing 

conditions for each of the broad vessel types, for 

example thick walled vessels need larger inclusions to 

prevent them from collapsing under their own weight. 

2. They can use the appropriate technology for one 

type and apply it generally, in effect compromising the 

other vessel types. 

In terms of the wares analysed we see at 

Croy, mortaria and a Samian imitation vessel following 

the established overall fabric mix, a situation 

paralleled at Bearsden where the very thick walled 

flanged bowls showed no evidence for fabric 

modification. In each of these examples it appears that 

the second case was being followed where a single 

"fabric" was used to manufacture a wide range of 

vessels. At Inveresk we see the fabric modified for the 

production of flagons, very thick walled storage 

vessels and Samian imitations suggesting that here the 

first case is true. This situation is paralleled with 

the samian imitation at Cramond. Sadly the lack of form 

information for the Duntocher and Bar hill assemblages 

makes any such analysis in these cases impossible. 

Therefore we can distinguish on the basis of form 

and suggested function two contrasting modes of 

production, the Croy/Bearsden situation where a single 
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clay preparation was used to manufacture all of the 

basic vessel types and the Inveresk/Cramond situation 

where some control appears to have been exercised. 

The final important conclusion that can be drawn 

from the study concerns the silt fraction of the 

exploited source clays. Although the size range for the 

silt prevents any direct potter involvement (ie. 

through levigation or tempering as opposed to the 

indirpr-t- involvement represented by careful choice of 

the clay to be exploited which may reflect upon the 

silt component) there is marked evidence for wide 

ranging silt concentrations within chemically 

homogeneous clays. This would suggest either an natural 

inhomogeneous distribution of silt in the outcrop or 

perhaps a seasonal change in the exact portion of an 

outcrop exploited perhaps through raw material 

exhaustion. Once again more fundamental research needs 

to be undertaken into the basic nature of the the 

constituents of clay source outcrops. 
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The 

next stage in the analysis of the site data was to 

establish the degree of individual site homogeneity. 

Here the 'local' site ware groups defined earlier were 

analysed with respect to one another in an inter site 

study. As with all of the material analysed both the 

chemical and petro-textural data was studied. All of 

the analyses undertaken utilise the methodologies 

established and described in Section 2 and all of the 

sample codes quoted in this chapter refer to the thin 

sections unless otherwise stated. 

Before any dat& 

processing was undertaken the following conditions were 

established: 

I-, That the groups defined as "core" or "local" in 

the intra site stage of the analysis only, should be 

used to define the respective source sites. All sherds 

identified as "non-local" or outlying should be 

excluded from the analysis in this initial definition 

stage. 

2, Of the suite of detected and measured elements 

furnished by the NAA, any showing inhomogeneity in one 

or more of the individual site analyses should be 

excluded from any multivariate statistics. 
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The basic rationale was to minimise any 

distortions in the data processing stage introduced 

through the presence of clearly outlying samples or 

unreliably distributed elemental concentrations. The 

presence of a very strong outlier could serve to 

compress any lower magnitude differences (eg. spatially 

in the discriminant analysis scatterplot) whereas the 

presence of unreliable elemental concentrations can 

wreak subsequent statistical havoc, as discussed in 

Section 2, especially when dealing with small sample 

groups. 

These conditions were applied, resulting in the 

groups taken as representative being those identified 

as 'local' in the earlier chapter. This was with the 

exception of Duntocher, where samples from the two 

major waster containing groups defining the assemblage 

were included in the analysis. For a summary of the 

groups used see table 3.24. 

A study of the elemental data showed the following 

elements to have been excluded from one or more of the 

intra site data processing phases due to very high 

values of the coefficient of variation V: 

Rubidium (Rb) 

Cassium (Cs) 

Tantalum (Ta) 

Yterbium (Yb) 
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The'element Samarium (Sm) was also 

excluded but some distinction has to be drawn as- the 

reason for this exclusion was the fact that Sm was 

present but not detected in any of the Inveresk site 

samples and thus had to be masked from any multivariate 

analysis involving Inveresk data. 

As stated, the full data processing methodology 

advocated in Section 2 was utilised in the analysis, 

but prior to this a discriminant analysis run was 

undertaken to look at the quality of the initial group 

definition, ie each site "core" group corresponding to 

a separate well defined discriminant, and thus chemical 

grouping. 

The result is presented in Fig 3.8 where it can be 

clearly seen that the lidealised' site definition is 

very poor. There is overlap between the Croy 

Hill/Duntocher groups and the Inveresk/Cramond samples, 

with Bar Hill and Bearsden very closely defined. It is 

very interesting to note that the discriminating 

variables corresponded to only two elements: 

Function 1- Hf 

Function 2= Eu 

These two elements comprising between them 79.57% 

of the total variance, for details see Table 3.44. The 

overall result would tend to suggest that any idealised 

6 group solution is far from valid. 

It should be stressed at this point that further 
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data processing using the established model would have 

proceeded even if the idealised result had appeared 

perfectly valid. The discriminant analysis run was not 

undertaken as a "short cut"I for the reasons outlined 

in Section 2 concerning the shortcomings of the 

technique. The run merely served to provide a keyhole 

into the basic nature of any underlying data structure. 

It should be noted that the term "idealised" was used 

to describe the groups as opposed to "correct". 

The Data Processing: 

As always the first step in 

the procedure was to analyse any underlying data trends 

through Cluster Analysis. The results of the analyses 

are summarised in table 3.25. 

Of the eight hierarchical algorithms applied the 

McQuittys, Nearest Neighbour, Group Average, Centroid 

and Median methods shared a common 2 group solution, 

with samples Croy 21 and Duntocher 32 comprising an 

outlying group alongside a large single 

undifferentiated multi site grouping. The Furthest 

Neighbour method identified another 2 group solution 

with the majority of the Duntocher samples along* with 

two from Croy Hill forming a clear grouping., Only the 

Wards and Flexible Beta algorithms hinted at any 

further structure' inherent in the data' set and it 

should be noted that there were few areas of 'agreement 

between their suggested solutions. 
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Study of the suggested simplifications enabled the 

following questions to be posed: 

I-, 
- 

Is a multigroup solution valid or simply a 

product of the structure seeking nature of certain 

algorithms? (Wards, Flexible Beta) 

2, If such a solution' is valid, which of 

the suggested simplifications 'best reflects the 

underlying nature of the data set? 

The main difference between the two multi group 

solutions lies in the splitting of the Bearsden group 

and the positions of the individual samples Inveresk 10 

and Duntocher 24. The next step in the data analysis 

was to seek clarification through discriminant 

analysis. 

The first stage was to 

analyse the proposed multi group solutions. If the 

suggested partitions proved to be over interpretations 

then the simple two group solutions would be analysed. 

Figure 3.9 shows the resulting scatterplot for 

the Wards algorithm grouping, the group numbers refer 

to table 3.25. As can be seen groups 1 and 3 are 

separated clearly both from each other and the majority 

of groups 2 and 4. The latter groups showed a poor 

degree of separation from one another as a direct 
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result of the very spread nature of the group 2 

samples. There also appeared to be some overlap between 

certain group 1 and 4 samples. Study of the group 

membership probability table suggested a mis- 

assignation in the form of sample Dunt 19 which has a 

higher probability of belonging to group 4 than group 1 

as originally assigned. The variables contributing to 

the discriminant functions (table 3.45) were: 

Hf - 0.63 Co - 0.53 
Cr - 0.30 Eu - 0.80 
Na - 0.46 Fe - 0.72 
La - 0.62 

These variables represent 

84.62% of the total variance. 

The Flexible Beta algorithm result set result can 

be seen in figure 3.10 and table 3.46. Here again the 

four suggested groupings have been successfully defined 

by the discriminant functions. Groups 1 and 3 (where 

the algorithm solutions differ) appear to be less 

clearly separated than in the Wards example however 

this "clearness of separation" is very hard to quantify 

in any objective manner. 

Thus we are left with two apparently valid 

simplifications of the underlying data trends. To shed 

light on which best represents the groupings inherent 

in the data set the results were combined with the 

results of a principal components analysis to look for 

areas of agreement. ' 
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The results of 

the principal factoring are presented in table 3.26 and 

figures 3.11-13. The eigen value scree plot identified 

three significant factors, comprising 75.5% of the 

total variance. The rotated factor matrix identified 

the following contributing elements: 

Factor 1: La 
Ce 
Pa 
Na 

Factor 2: Fe 
Cr 
Hf 

Factor 3: Eu 
Tb 
Co 

When plotted together the principal 

components yielded the following result sets, which are 

summarised in table 3.27: - 

The first two factors identified four 

clear groupings (fig. 3.11) including a spread yet 

clearly defined Bearsden group. This would suggest that 

any splitting of the Bearsden samples constitutes an 

over interpretation. Along with the Bearsden group the 

Croy and Inveresk/Cramond samples form well defined 

groupings. The Bar Hill samples are incorporated into 

the Bearsden Grouping and the Duntocher material is 

seen to form two discrete sample clusters. 

Addition of the third component served 
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to improve the definition of the Croy and Duntocher 

groupings at the expense of the other site wares which 

were classified into a single very amorphous single 

grouping. 

Looking at 

components in combination se: 

a Duntocher grouping along 

outliers. As with the first 

the remaining site samples 

large grouping. 

the second and third 

rves to very clearly define 

with some single sample 

and third component plot, 

are combined in a single 

- Combining the result sets 

yields the total interpretation presented below. In 

addition to the basic groupings furnished by the -first 

and second components, the third component serves to 

define more clearly the Duntocher material. 

Principal Components 

BEARSDEN 
BAR HILL 
INVK 7 
DUNT 4 

CROY HILL 
DUNT 9,13 

CRAMOND 
INVERESK 
DUNT 8 
BAR 5A 

Wards Algorithm 

BEARSDEN 
BAR HILLý 
INVK 7 
DUNT 4 

CROY HILL 
DUNT 9,13,1L 

CRAMOND 
INVERESK 
DUNT 8 

DUNTOCHER DUNTOCHER 
CROY 10-13 
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DUNT 5.15,16,1.2 
CROY 10,13 ungrouped. 

As has been stated, 

although very spread, any splitting of the Bearsden 

group represents an over interpretation. This would 

suggest that of the two possible cluster solutions the 

Wards best reflected the underlying data trends. The 

final Principal components interpretation is presented 

above along with that for the Wards cluster algorithm. 

Excellent areas of agreement can be seen between the 

result sets. Although the main trends have been 

confirmed, the positions of certain individual samples 

are still unresolved. These are the samples underlined 

in the above comparative summary. 

To address this problem a discriminant analysis 

run was undertaken centred upon the four main groups 

defined above, with the exception of the indicated 

samples, which were defined as ungrouped. The point of 

the exercise was to examine the highest group 

probability scores for these samples to assess their 

true group assignations. The probability scores were 

monitored however as very low scores (here any score 

below 0.1) could indicate that a sample in fact belongs 

to no group but its own, ie an as of yet undiscovered 

or unrepresented grouping. It is a very common and 

dangerous problem when using discriminant analysis to 

assume that you have defined all of the possible groups 

for unknown sample assignation. With very poorly 
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defined site material this problem should be firmly 

borne in mind. 

The results of the analysis are given below. The 

number in parentheses after the sample code is the 

highest group membership probability: 

BAR 54 - Group 1 (0.16) 

DUNT 5 - Group 4 (0.22) 
15 - Group 4 (0.033)* 
16 - Group 3 (0.052)* 
19 - Group 2 (0.0012)* 

CROY 10 - Group 4 (0.37) 
13 - Group 4' (0.026)* 

The samples 

marked with asterisks show very low probabilities and 

thus must be regarded as belonging to groups as yet 

undefined by the analyses. 

It is interesting to note that the Wards algorithm 

rather misleadingly assigns these outliers to a 

convenient group, as a direct result of the structure 

seeking, nature of the basic algorithm. In direct 

contrast, -'although failing to partition the groupings 

or find any structure, the basic two group solution 

algorithms did succeed in clearly identifying at least 

two of these samples as-c--I(-; Rr outliers. Once again the 

benefits of multi method, areas of' agreement 

strategies can clearly be seen. 

The results of the discriminant analysis check 

enable the following final interpretation to be 
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presented: 

BEARSDEN 
BAR HILL 
INVK 7 
DUNT 4 

CROY HILL 
DUNT 9,13 

CRAMOND 
INVERESK 
DUNT 8 

DUNTOCHER 
CROY 10 1 

Along with the following 
Ungrouped samples: 

Dunt 15,16,19 + Croy 13 

Therefore the results of -the 

analysis show chemical homogeneity between the sites of 

Bearsden + Bar Hill, and Cramond + Inveresk. These ware 

groups are in turn clearly separated from the Croy Hill 

and Duntocher samples which form well defined groups of 

their own. 

As has been discussed, 

with the notable exception of Croy Hill (with its 

characteristic Shale inclusions) and Bar Hill (with its 

clay pellet temper), there is little in the way of 

diagnostic minerals to define petrologically the 

individual site wares with respect to one another. In 

each case the identified petrological groupings were 

defined on the basis of changes, sometimes very subtle, 

in the quartz fraction, ie silt and sand, and the range 

of mineral inclusions recorded showed considerable 

overlap between the sites under study. It is worth 
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noting here that the Cramond and inveresk samples 

showed a remarkably high level of similarity. To 

address this problem, the assessment of petrological 

site autonomy centred itself upon the major inclusion 

constituent, the quartz. 

Before any complex analysis of 

the respective grain size distributions was undertaken, 

the data was examined using the more traditional 

methods of Skewness-Kurtosis and the Kolmogorov- 

Smirnoff non-parametric statistic. Both of these 

methodologies are described in detail in Section 2. 

Looking firstly at the graph of Skewness versus 

Kurtosis presented in fig. 3.14, it is obvious that the 

highly correlated nature of the data coupled with the 

large site spreads makes any interpretation of possible 

site groupings impossible. 

The Kolmogorov-Smirnoff result set illustrated in 

fig. 3.15 at the 0.01% significance level also seems to 

show a single undifferentiated grouping comprising all 

of the individual site data. 

That aspect of the quartz inclusions not measured 

by the grain size distribution, ie. percentage of 

Quartz, was studied for any evidence of site ware 

preference in the amount of quartz, included in the 

respective clay pastes. The histogram (fig 3.16) shows 
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a very spread group containing samples from all of the 

site groups spanning the 6- 24% range. With the 

exception of three Duntocher samples containing 28+% 

there appeared to be no site patterning to the 

distribution. 

It was clear that on the basis of these techniques 

of analysis no sub-structure could be determined within 

the data set. This could simply be a true reflection of 

the general undifferentiated nature of the quartz 

inclusions in and between the sites, but the decision 

was made to look at the data through the more sensitive 

statistical analyses. 

Both the raw and log-transformed data sets were 

analysed through the discussed methods of multivariate 

statistical'analysis, even in light of the statistical 

unsuitability of the former. The purpose of this 

exercise was to facilitate a comparison of the two data 

types, that being statistically valid and that yielding 

Baxters "good archaeological solutions", - on a larger 

and more statistically valid data set than has been 

attempted previously during the project. 

I'� The samples analysed corresponded to all of the 

site samples with'the exception of: 

1. Those samples having a 

grain size distribution too biased towards the silt 

fraction to facilitate transformation. 

2. Those samples identified as 
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"outliers" on the basis of both the chemical and Petro- 

textural results. For details see chapter 3.3. 

The result of this decision was that unlike 

the chemical data example, samples defined as 

chemically outlying but texturally homogeneous were 

included as were samples showing textural inhomogeneity 

only. The rationale behind the inclusion of such 

samples was in the latter case to assess whether the 

in site textural homogeneity/inhomoeneity was still 

significant with respect to that seen between the sites 

studied, and with the chemical outliers the question 

was directed more towards the degree of in-site unity, 

with respect to the other site textural groupings. The 

basic overall aim of the analysis was to assess to what 

degree if any, the sites could be defined as autonomous 

on the basis of textural data alone. 

As with the chemical analysis data, the first step 

involved a discriminant analysis run based around the 

idealised site groups. As can be seen from figure 3.17 

and table 3.47, the scatterplot fails to define the 

groups suggesting that this solution is in fact far 

from "ideal". Once again the standard analytical 

procedure was followed. 

The results of the cluster 

analysis were interesting in that five of the eight 

algorithms studied yielded an identical 32 group 
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solution. Of -the remaining algorithms there were no 

areas -of agreement between the solutions offered, 

paralleling neatly the situation seen with the chemical 

data. The results sets are summarised in tables 3.28 - 

29. 

The next step in the further processing was to 

examine the largest suggested grouping split (the 32 

group solution) through discriminant analysis. The 

results are presented in fig 3.18 and table 3.48. Here 

seven groupings can be defined from the resulting 

scatter of 'sub groups. Looking in detail at the 

composition of these groups, they are seen to comprise 

what appears to be a random assignation of samples from 

the component site groups. There appears to be no site 

related pattern to the seven identified groupings. The 

discriminant functions represented 59.73% of the total 

variance and it is interesting to note that it is the 

coarser quartz fraction which is dominating the 

analysis. 

Function 1: B9 Function 2: Bll 
B10 

The revised interpretation is 

presented in table 3.30. The possible cluster solutions 

now range from 2 to 7 groups. 

In light of the problems of interpretation arising 

from the possible chemical cluster solutions 
_(showing 

little in the way of clear agreement areas), the next 
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step in the process was to undertake an independent 

principal Components analysis. 

The details for the analysis 

are presented in table 3.31. Here the Eigen scree plot 

identified four factors as significant. The respective 

scatterplots are presented in figures 3.19-24. The 

rotated factor matrix identified theý following 

dictating variables: 

Factor 1: B3, B2, B4, B12 
Factor 2: B5, B9 
Factor 3: B6, B10, B8 
Factor 4: B7, Bll 

The result sets can be 

summarised as follows: 

Looking at factors 1 and 2, two main 

groupings can be seen to separate principally upon the 

basis of factor 1. Also clearly separated are a very 

small grouping and a single sample: 

BEAR 7,15,18 
BARH 51,53,54 
CRAM 14,16,18,19,20,23,24,27,28, -33,34,35,36 
INVK 2 

CRAM 21,32 
BARH 52 

INVK 17 

Remaining Samples 

The inclusion of the third 
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factor serves to reinforce the basic two group solution 

furnished above with the addition of a further small 

grouping comprising samples: 

BEAR 18 
CRAM 18,34 

Looking at the second and third 

factors together, whilst failing to identify the main 

group split (which is defined principally by factor 1) 

does show clearly the two previously defined smaller 

sub-groupings: 

CRAM 18,34 
BEAR 18 

CRAM 21,32 
BARH 52 
INVK 17 

Addition of the fourth factor 

serves to complicate the interpretation somewhat. Both 

the 'Cramond' group and the main grouping (labelled 

"Remaining Samples") are split into sub groupings. The 

results are presented in table 3.32. 

Looking at the results sets it is clear that the 

addition of factor four serves to maximise the number 

of possible groupings present in the data set. The 

results from the first three factors can be summarised 

as follows: 

BEAR 7,15 
BARH 51,53 
CRAM 14,16,19,20,23,24,27,28,33,35,36 
INVK 2 
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CRAM 21,32 
BARH 52 

BEAR 18 
CRAM 18,34 

INVK 17 

Remainina SamT)les 

The addition of the fourth 

factor serves to revise this basic interpretation:, 

BEAR 1,3,4,5,10,13,16,17,19,20 
CRAM 15,23,31,37,38 
INVK 1,3,7 
CROY 4,8,14 
DUNT 1,8 
BARH 55 

BEAR 7,15 
CRAM 141,16,19,20,23,24,28,32,33,35,36 
INVK 2 

CROY 1,6,9 
DUNT 6 

BEAR 18 
CRAM 18,34 

CRAM 21,32 
BARH 52 

BAR 51,53 

INVK 17 

Remaining Samples 

In. effect the fourthl factor 

serves to split the largest group into two major 

components along with the isolation-of a further small 

sub-grouping. 

Combining the four factor result set with those 

derived from the cluster analysis (tables 3.28-29) 
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enables a comparison to be undertaken. In terms of 

areas of agreement it was clear that the 32/7 group 

solution, with its almost random spread of samples, 

bore very little relation to the principal component 

derived result set. Looking at the Wards 2 group 

solution the clusters appear to combine the principal 

components results into two large groupings based 

around the Cramond and Duntocher/Croy Hill samples 

respectively. Looking at the remaining solutions 

yielded better comparative results. 

Although both the Flexible Beta and Furthest 

Neighbour methods identified separate groupings based 

around the Duntocher and Cramond samples, the exact 

composition of the suggested simplifications differed 

greatly. Looking at the cluster interpretations there 

is a high correlation between the Furthest Neighbour 

and principal component result sets, the only 

differences lying with a handful of the group 1 and 2 

sherd constituents. These are summarised in table 3.33. 

The interpretation thus furnished was then 

examined through discriminant analysis as it was still 

quite possible that both analytical techniques had nyez 

interpreted any underlying data structure. The results 

of the analysis are summarised in fig 3.25 where the 

discriminating variables (table 3.49), are seen to 

comprise: I- 
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Function 1: 2 (0.56), 11 (0.77) 
Function 2: 4 (0.65), 6 (0.93), 10 (0.46) 

Between them these 

constitute 70.54% of the total variance. 

The resulting scatterplot clearly shows groups I 

and 5 to be inseparable and groups 3 and 4 to be very 

closely related. This would suggest that the solution 

derived from the cluster and components analyses over 

interpreted the underlying data structure. 

The analysis was repeated after combining groups 1 

and 5 into a single unit as suggested by the first 

discriminant run. The purpose of this exercise was to 

look at the definition between groups 3 and 4. The 

results are summarised in fig. 3.26 where the 

discriminating variables (table 3.50) now comprise: 

Function 1: 5 (0.87), 6 (0.79) 
Function 2: 2 (0.74), 4 (0.61), 10 (0.69), 11(0.57) 

These -represent 70.18% of the total 

variance. 

The scatterplot shows clearly the high degree of 

overlap between groups 3 and 4 relative to the other 

defined groupings. Study of the highest group 

probability assessment also identified two incorrect 

group assignations in the form of samples Bear 1 and 

Dunt 6, both of which were relocated into group, 3. This 

enables the final analytical solution to be presented 
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in table 3.34. 

The result, in terms of the application of cluster 

analysis is important, as of the eight algorithms 

applied, five failed to identify any underlying data 

structure at all, instead suggesting an almost 

randomised group solution. The Wards method algorithm 

also performed inadequately where it failed to 

partition the data sufficiently in light of the 

comparative results. Once again no single algorithm 

gave the optimum solution and it was through an inter- 

method areas of agreement that the final interpretation 

was derived. 

Looking at the final interpretation it is clear 

that the "ideal" site solution is not reflected. There 

are no clear individual site groupings, however the 

sites of Cramond and the majority of Bearsden can be 

distinguished from Duntocher and Croy Hill. The site 

material from Inveresk and Bar Hill is evenly 

distributed between the groups identified. 

Analysis of the zero compensated raw data set 

followed the same analytical procedure. The result of 

the "ideal" site group discriminant analysis are 

presented in figure 3.27 and table 3.51, where the high 

levels of between group overlap show clearly that none 

of the site groupings have been defined. Once again the 

ideal solution appears to be far from representative. 

The cluster analysis results are summarised in 
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table 3.35, where excellent levels of agreement can be 

seen between the algorithms. These results can be 

summarised giving the solution below: 

DUNT 10,11,14,15,16,20 
INVK 15 

CROY 14 

INVK 17 

DUNT 17 

Remaining Samples 

A principal components 

analysis furnished the results presented in table 3.36 

and fig 3.28. The eigen scree plot identified two 

significant factors: 

Factor 1: B9, B8, BlO, B7, B6, Bll, B2, B5 
Factor 2: B3, B4, B12 

Comprising 70.3% of 

the total variance. The scatterplot identified the 

following sub groupings: 

DUNT 10,11,14,15,16,17,20 

CROY 14 

INVK 17 

Remaining Samples. 

As can be seen there are good areas 

of agreement between the two independently derived 

results sets, however the analysis has failed to 

partition the data set. 
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The next stage in the analysis was to analyse 

the suggested cluster groupings through discriminant 

analysis to examine the quality of the suggested 

interpretation. The results are presented in fig. 3.29 

and table 3.52. 

The scatterplot shows good separation of the 

groupings with the exception of sample IN17 and the 

"Remaining samples" group which show considerable 

overlap. This leads to the revised interpretation given 

below: 

DUNT 10,11,14,15,16,20 
INVK, 15 

CROY'14 

DUNT 17 

Remaining Samples. 

The variables 

defining the discriminant functions were: 

Function 1: B2 (0.43), B6 (0.41), Bll (0.65)_ 
Function 2: B12 '(1.04) 

These comprised 

92.46% of the total variance. 

Examining the result set it is clear that the raw 

data analysis, unlike the logratio, transformed data 

set, showed good areas of agreement between the cluster 

algorithms but it clearly failed to partition the 

sample set beyond the identification of small group and 

single sample outliers. 
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rHAPTER 3.6 Tnterpret'git'inn nf Result's and Conclusions 

Looking 

firstly at the chemical data set it is clear that the 

sites cannot be regarded as entirely autonomous. 

Although we see the Croy Hill and Duntocher site 

samples as well defined, the Bearsden/Bar Hill and 

Cramond/Inveresk samples form two composite groupings. 

Looking firstly at the Bearsden group, the result 

should not be taken as indicative of the fact that the 

same basic clay source was used to manufacture the 

respective site wares, as the groups are petrologically 

different enough to suggest two very different source 

clays. The distinctive basic forms and visual 

appearance of the fabrics serves to confirm this 

conclusion. What this result does reflect is the very 

homogeneous nature of much of the clay that appears to 

have been exploited across. the frontier zone., 

With the Cramond/Inveresk group the petrological 

and form/visual appearance of the fabrics does strongly 

support the chemical interpretation of a shared 

production source. The observed textural difference 

between the groups is curious and will be discussed 

later in the chapter. 

One surprising factor that is immediately obvious 

is that there are chemically outlying samples from the 

Croy, Inveresk and Duntocher site groups despite the 
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rigorous attempts to carefully define the site 'local' 

groupings. 

What we are seeing is the phenomenon 

whereby a number of samples group with other site ware 

groups (ie. are outliers to their own site groups) even 

though they derive from a tightly defined local subset 

of the total analysed assemblage (as defined in chapter 

3.3). The reason for this behaviour lies in what we can 

term the relative "degree of difference" exhibited by 

the sample from its parent ware group. 

In the discriminant analysis example illustrated 

below, the sample/s defining group 4 are clearly 

separated spatially from a single group comprising 

groups 1-3, even though all 4 were identified as 

possible groupings through a Cluster analysis. 

The inclusion of group 4 serves to spatially 

compress the remaining groups making any interpretation 

of group 3 as an independent group very hard. If group 

4 is masked from the analysis then group 3 is clearly 
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seen to outly1the grouping formed by the remaining 

groups. This effect has been monitored through this 

project by recording the Discriminant 

scatterplot scales thus providing a very rough guide to 

the relative 'coarseness' of the scatterplots, but 

spatial distortion is always a problem with this type 

of presentation medium. 

We can now visualise these samples as 

further outliers to the site 'local' groupings refining 

the site "ware group" definition to a much higher 

level. Of these new 'outlier' samples the following 

appear to have originated from the indicated site 

groupings: 

INVK 7 Bearsden/Bar Hill 
DUNT 4- Bearsden/Bar Hill 

DUNT 9,13 - Croy Hill 
DUNT 8- Cramond/Inveresk 
CROY 10 - Duntocher 

The remaining 

outlying samples were ungrouped, ie. not members of any 

group defined in this analysis. The large number of 

misassigned Duntocher products is a direct result of 

the decision to include the tim main site groupings 

into the analysis. Looking at the samples comprising 

the Chemically autonomous Duntocher group reveals the 

following: 

Group 1 (Waster) : 1,2,5,10,11,14,15 
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Group 2 (? Waster): 4,6,7,8,9,13,16,17,19 

Autonomous NAA Group: 1,2,5,6,7,10,11,14,17 

It is 

clear that the defined local Group 1 (waster), 

comprises the chemical site group observed here, with 

the addition of three samples from the Group 2 

(? waster) sherds. The remaining samples are spread out 

between the remaining site and unassigned chemical 

groupings. This serves to strengthen the initial 

interpretation of group 1 as representing the local 

site products. 

Looking at the textural results, two factors 

should be borne in mind. The first is the fact that 

there are not enough samples from the site of Bar Hill 

to facilitate any objective analysis or furnish any 

meaningful interpretation. This goes beyond the obvious 

fact that the samples display a much higher degree of 

textural variation (shown by their spread amongst the 

identified groupings) than is to be expected in a 

single kiln batch, as has been postulated. The second 

factor concerns the incompleteness of the data set as a 

direct result of the silt bias seen in some of the 

grain size distributions, as discussed these samples 

are defined as a texturally outlying group more by 

default than analysis. 

Study of the final textural interpretation shows 

clearly that it has failed to reflect the ideal 
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partition 'of samples by site of origin. There was no 

single, well defined site distribution though this is 

not surprising given that none of the site wares showed 

any evidence for sand tempering. This would have led to 

a very marked textural, fingerprint. 

- What we appear to be seeing is the natural, or 

preparation modified natural, quartz fraction of the 

source clays., Given the rather generalised nature of 

preparation methods and theirelatively high degree of 

chemical and petrological homogeneity of theý clays 

across the Antonine wall, - zone it is perhaps not 

surprising- that the results show little in the way of 

inter-site structure. , 

Looking at table 3.34 it is clear that the 

majority of the outlying samples and small groupings 

were composed of the site "outlier" samples. Removing 

these samples temporarily from the solution shows, more 

clearly how the site groupings behaved with respect to 

one another, table 3.37. 

The results can be simplified into two- basicz. 

groups: 

Bearaden 
Cramond 

Duntocher 
Croy Hill 
Inveresk 

There are no single well 
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defined sites and it thus appears that in terms of the 

quartz fraction there is a remarkable degree of 

uniformity. The isolation of the Bearsden and Cramond 

samples is very interesting as both contain moderate 

quantities of sandstone and in the case of Cramond 

there is the suggestion that the quartz fraction could 

have derived from a sandstone source. The real reason 

lies with the coarser nature of the silt fractions, ý, 

particularly obvious in the case of Cramond, which 

would not have been masked from the multivariate 

analyses and thus gives the samples a characteristic 

fingerprint. 

This suggests the exploitation of -a different 

portion of a single source outcrop or a subtle change 

in the preparation mechanism and can thus be 

interpreted in terms of a simple batch variation. This 

explains the- difference seen between the otherwise 

identical Inveresk and Cramond ware groups. 

Looking now at the result set with respect to the 

included "outlier" samples, table 3.34 shows clearly 

that the majority of the initial- site textural outliers 

are again differentiated. This suggests that the 

observed textural differences are significant at -both 

the inter and intra site level. 

Of special interest are the "outlier" samples 

which are nat significant with respect to the observed 
inter-group differences, for example Bearsden 4 and 10 
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which show close affinities to the main body of the 

site origin group. Potentially more interesting are the 

samples which showed homogeneity at the intra-site 

level yet show inhomogeneity at the inter-site level, 

for example Bearsden samples 1,2,8,14. 

Once again we are seeing a refinement of the site 

ware interpretations as discussed above for the 

chemical data set. The textural "outlier" results for 

all of the sites are presented in table 3.38. 

Up until this point the 'chemically 

inhomogeneous/texturally homogeneous' samples that were 

included in the textural analysis have been ignored. 

Looking at these samples shows that with the exception 

of Bearsden 6 and Cramond 17 they remain texturally 

homogeneous. This result serves to strengthen the case 

for identifying samples Bear 6 and Cram 17 as clear 

non-local outliers, but the situation regarding the 

remaining samples is more complex. 

Is this homogeneity simply a reflection of the 

broad ambiguity of the textural nature of the clays 

across the frontier zone, a factor exaggerated by the 

necessity of masking the fine silt fraction from the 

analyses, or could the results reflect the same basic 

technology applied to a chemically different clay 

source? To examine the possibility that these samples 

represent the exploitation of a different local clay 

source by the site potters, the samples were studied 
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with respect to the chemical data through discriminant 

analysis. 

Here the outlier samples were left ungrouped with 

the four main site and general outlier grouping 

identified by the chemical analysis defining five 

discriminant groups. The aim of the exercise was to 

look at the probability of group membership for each of 

the non-local samples, given the refinements observed 

with the textural outlier samples, to examine whether 

any were related chemically to the local site clays (ie 

a relatively high probability of membership). The 

rather crude nature of the probabilities should be 

stressed here, ' as only where a very high or low 

probability is recorded can any interpretation away 

from the norm be assigned with any confidence. The 

results areý presented in' table 3.39 and the 

reassignations summarised below: 

CRAMOND 17 Duntocher Group. 
INVERESK 11 - Duntocher'Group. 
INVERESK 14 - General Outlier Group. 
DUNTOCHER 12 - Bearsden/Bar Hill Group. - 
DUNTOCHER 18 - Cramond/Inveresk Group. 
DUNTOCHER 20 - Duntocher Group. 

Therefore 

of the samples analysed only one displayed an affinity 

to its source group, Duntocher 37. The vast majority 

showed membership to as yet undiscovered groupings, 

suggesting strongly that there is a high degree of 

homogeneity across the wall zone. 
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In conclusion regarding the techniques employed, 

it is clear is that whereas at the intra-site level the 

textural analysis performed excellently, identifying 

clear modes of ceramic production, at the inter-site or 

provenance level the technique becomes more ambiguous 

and its results harder to interpret. 

This failure of textural analysis at the inter- 

site level has been noted by several recent researchers 

in the field (pers. comm Freestone) and its usefulness 

as a provenance tool alone must be brought into 

question. 

CHAPTER 3.7 The Modified -1, jte Ware Groupings, 

The results of 

the inter-site analysis must be fed back into the 

intra-site results to further refine our basic 

understanding of individual site-manufacture. 

The Bar Hill interpretation remains largely 

unmodified, as a result of the limits imposed by the 

small sample number, with the-very spread textural 

samples observed in the inter-site study serving to 

support the initial interpretation of a very 

inhomogeneous kiln batch or-site ware. 

In terms of the remaining sites, at Duntocher the 

inter-site analysis served to neatly confirm the 

interpretation of Naa Group 1 as the core local group, 

as discussed in Chapter 3.6. 
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With the Croy Hill material two further 

chemical outliers were identified corresponding to a 

large dish and one of the suggested local mortaria 

forms. The revised results'are presented in table 3.40. 

The Cramond-modification is subtle, taking the 

form of a single textural outlier (sample 25) which 

falls in petrological Fabric 2, and thus follows the 

general observed trend, strengthening- the existing 

interpretation. 

At Inveresk the modifications were more 

marked, with one chemical outlier identified (sample 7) 

corresponding to a body sherd of unknown form and two 

further textural outliers comprising a slightly 

deformed body sherd and a second black burnished 

imitation cooking pot. 

The most important changes come with the Bearsden 

assemblage. Here the chemical interpretation remained 

sound however the textural result changed markedly. 

Samples 4 and 10 that were originally identified as 

outlying proved homogeneous at the inter-site level and 

samples 1,2,8 and 14 were identified as outliers. In 

terms of form, two of these new outliers corresponded 

to the thick walled type 27 vessels, the so called 

'native' sherd and an everted rim jar. This clearly 

resolves the rather problematical interpretation 

generated by the original result set. As opposed to 

interpreting the Bearsden textural changes as 
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reflecting between batch variations and very 

unspecialised production, we can now see them in the 

same light as the Inveresk examples, with specialist 

vessel forms exhibiting fabric modifications. 

In conclusion the modifications to the majority of 

the ware groups are minor and leave the existing 

overall interpretations intact. With the Bearsden 

material it is clear that the analysis has modified the 

overall conclusion regarding the modes of production 

employed on the wall sites, with this site group moving 

away from the unspecialised Croy Hill situation and 

over to the more controlled production mode seen at 

Inveresk. 

The revised combined results tables for the Croy 

Hill, Bearsden, Inveresk and Cramond wares are 

presented in tables 3.40-3.43. 
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CHAPTER 4.1 Prndlintinn Snurnp THPnt-ific-at-inn 

Up until 

now the term "local" has been applied, with increasing 

frequency to the major site groups identified in 

Sections' two and three of the thesis. The purpose of 

this Section is both to review the evidence we have for 

ascertaining whether a group of samples is. local to the 

site of discovery and to attempt to characterise the 

pottery with respect to the raw materials, ie. clay and 

mineral inclusions. 

Before any attempt is made to assess the relative 

"locality" of the ware groups a definition is in order. 

The term 'local' in this section refers, at the micro 

scale, to the product of a kiln (or group of kilns) 

situated in or alongside the site of discovery =, 

within a very close distance of the site. At the macro 

level of interpretation 'local' can be interpreted in 

the broad term of Scottish production. In this Section 

of the thesis it is on the micro scale that analyses 

have been undertaken. Ideas of catchment and levels of 

production will be discussed in detail in -the 

concluding Section of-the thesis. 

To examine the question of locality the following 

criteria have been examined: 

FORM + FABRIC INDICATORS 

KILNS 

WASTER DEBRIS 
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CHEMICAL FINGERPRINTING 

PETROGRAPHICAL ANALYSIS 

OTHER ARCHAEOLOGICAL SOURCES 

These forms of evidence can be looked at in more 

detail: 

Here the products of a kiln or 

workshop are identified as being local on the basis of 

a very distinctive set of forms and/or fabrics. These 

can be due to potting idiosyncracies or the 

adoption/retention of anachronistical form 

characteristics. The main source indicator is that they 

tend to be concentrated within the consumption zone of 

a single site. 

The presence of archaeological features 

such as kilns and/or clay preparation and storage 

areas, or finds directly linked to the potting process, 

such as spacer bars or other fragments of kiln 

furniture, are indicative of the production of some 

form of local ceramic product. 

Waster sherds, ie. those 

showing distortion and deformity or vitrification of 

the clay fabric. This is usually due to an inadequacy 
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in the firing process (which may itself be due to 

inadequate preparation or clay selection), and can be 

regarded as indicative of local potting. The underlying 

assumption is that such vessels, even if ostensibly 

usable, would not travel (through trade or personal 

movement) far from the production source (Swan 89). 

Chemical Fingerprinting* 

In this instance a local 

source assignationý is based upon the results of a 

comparatiye chemical analysis between the sherds 

comprising the ware and traditionally waster sherds or 

more frequently the raw material itself, clay. 

Petrographical Fingerprinting: 

With the petrological 

form of analysis the geology of the non-plastic mineral 

inclusions are compared to the known geology of the 

projected source location. This is by its very nature a 

less specific form of analysis than the chemical 

example. Another form of petrological analysis is that 

undertaken in this analytical project, where the 

fabrics of ware sherds are compared to those of wasters 

or defined kiln products, through straight mineralogy 

and textural analysis. 

This category 
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is rather artificial, comprising as it does the results 

of all attempts at source characterisation that have 

been attempted to date on the material under study. By 

definition then, this class can comprise the results of 

any and all of the above sources of evidence. An 

example would be the petrological work that has been 

undertaken on selected Antonine samples looking at the 

geology of the inclusions with respect to the geology 

of the frontier zone. 

As will have become obvious there is a high degree 

of overlap between the criteria. For example, you must 

identify waster material before any attempts can be 

made to chemically characterise the source kiln 

products. It is also the case that the criteria are 

often, taken individually, inconclusive indicators of a 

local production. Taking a kiln as an example, a 

structure found with njQ attendant ceramic material (as 

was the case at Croy Hill) tells us little more than 

the fact that some form of ceramic production was 

undertaken. We have no information as to the, basic 

nature of that process. 

Looking at the geology of so called "local" 

sherds, unless they possess a very diagnostic group of 

inclusions, is a very approximate mode of sourcingý It 

is very unlikely to furnish a result beyond the macro 

level of production source characterisation, in this 

case Scotland. 
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It is only through combination of the criteria 

that we are able to make firmer statements concerning 

the possibilities of local production and begin to 

approach the desired micro ie. site level of source 

attribution. 

The following table summarises the pertinent data 

for the six sites analysed: 

Form K kj Q P- Arch. Sources 

BEARSDEN XXDAX 

-CRAMOND XDAX 
CROY HILL XXD 
BAR HILL XXXX 
INVERESK XXXAX 
DUNTOCHER XXX 

where Kiln Presence 
Waster Presence 
Chemical Evidence 
Petrological Evidence 

In each case an 1XI denotes the presence of a 

given source of evidence, the letter ID1 signifies that 

the source will be discussed with reference to daub in 

the next chapter and the letter 'A' indicates that the 

information was derived from an earlier piece of 

archaeological research (marked by an X in the final 

column). 

- The evidence for the individual sites can be 

looked at in a little more detail. The -various form 

details and fabric descriptions have been presented in 

Sections 1 and 3 of the thesis: 
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Recent excavations at the site of Bearsden 

revealed a range of forms in a recognisable fabric 

termed "Oxydised" ware. This comprised 29% by weight 

and 33% by sherd count of the total excavated 

assemblage. The specific forms and fabric details were 

discussed in Section 1, suffice to say that the forms 

were both limited and anachronistic and included a 

Belgic derived dish form with parallels across the wall 

zone, along with a Samian fine ware copy complete with 

crudely applied barbotine decoration. 

The excavations produced no obvious waster 

material or kiln structure/furniture evidence. The 

suspicion of a local production source was based solely 

upon the form/fabric data. In an attempt to clarify 

this assumption a Petrographical analysis was 

undertaken by G. H. Collins. 

Of the 25 samples studied 16 displayed a 

collection of rock types which although not unique to 

Scotland could be found within a 30 mile radius of the 

site (Collins 86). The remaining samples contained 

predominantly quartz and were thus ignored. 

Putting this result into its spatial context (fig 

4.1) shows that although undoubtedly useful, the huge 

catchment suggested by the analysis barely moves us 
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beyond the discussed 'macro' level of provenance. 

At Croy Hill four "Oxydised" fabrics 

were identified, comprising 20-23% of the total 

excavated assemblage. These fabrics were similar 

enough to prompt the excavators to interpret them as 

products from a single production site. The subtle 

differences were interpreted as either batch variations 

or due to post depositional effects. The range of forms 

was very wide and included the Belgic dish form and 

once again very crude Samian imitations. 

As well as the distinctive form/fabric grouping 

the excavations also revealed a single kiln. Although 

there was no pottery associated with the structure and 

no obvious waster material was discovered, the 

structure has been positively identified as a pottery 

kiln (Swan 84). 

At this site we hav, 

evidence for local production 

fabric occurring in a very 

including mortaria. Directly 

pottery was a kiln structure 

material. 

a the 

with 

wide 

asso 

and 

most conclusive 

a very specific 

range of forms 

ciated with this 

attendant waster 
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Among the common pottery was a range of 

oxidised vessels which on the basis of form, fabric, 

surface treatment and other potting idiosyncracies 

comprise a discrete group. Once again the range of 

vessel types included a very crude Samian copy. 

Although no kilns were found there were a series 

of deformed waster sherds which argued strongly for a 

local source of manufacture. Thirteen of these sherds 

were analysed Petrographically by Tomber who identified 

a group of 10 whose main inclusions comprised quartz 

and igneous rock fragments. The rock fragments were 

diagnostic enough to suggest a local source, the 

nearest being approximately 5km from the site (Tomber 

86). Weathered rock fragments were also present which 

could suggest a closer source through drift, although 

the possibility of a volcanic source further to the 

East could not be ruled out. 

The results of the chemical analysis undertaken 

upon the suggested local group in Section 3 showed 

clearly that the waster sherds were chemically 

identical to the main body of the ware group. 

Recent excavations at the site of Cramond 

have produced a series of oxidised and grey ware sherds 

thought to be local on the basis of form and fabric 
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idiosyncracies. The oxidised examples bore a very close 

resemblance to the suggested Inveresk ware samples and 

once again the familiar Belgic dish and crude Samian 

copies appear in the assemblage. 

A Petrographical examination was undertaken on a 

sample of 10 oxidised and 8 grey ware sherds along with 

7 samples of floor and roof tile. The results showed 

clearly that the oxidised sherds had very close 

affinities with the Inveresk ware fabrics identified by 

Tomber but in terms of provenance could not get closer 

than the possibility that the sherds were manufactured 

in Scotland. The grey ware samples, where the observed 

mineral assemblage was very diagnostic, were clearly 

not made in Scotland. 

The tile samples proved the most interesting, 

taken from a very homogeneous group of floor tiles, 

displaying a distinctive range of mineral inclusions. 

This prompted Collins to conclude that whilst the 

pottery samples did n2t possess a suite of minerals 

peculiar to Scotland, the tiles contained fragments of 

rocks common to the area. Coupled to the very close 

similarities between the tile samples this strongly 

suggested that the tiles were made locally. 

The excavations produced no evidence for any kiln 

structure or furniture, nor were any waster sherds 

discovered. 
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MINTOCHER 

The 1977 excavations produced a total 

assemblage of 700 sherds of potteryý containing a large 

number of' wasters. A two phase kiln structure was 

uncovered complete with a large amount of fired and 

vitrifled 'clay and'daub, fragments of kiln furniture 

and an associated structure interpreted as a possible 

pottery drying shed. There were waster sherds 

associated with the kiln and it is clear that some form 

of pottery production was being undertaken at the site. 

The chemical analysis undertaken in Section 3 

showed that chemically, the, clearly vitrified waster 

samples were identical to a large group of the analysed 

samples. The problems of how representative the samples 

taken were was-discussed in detail"in Sections 1 and 3. 

It is clear that the quality of evidence varies 

markedly between'the sites analysed. In the case of Bar 

Hill and Duntocher the pottery associated with kiln and 

waste material is conclusive-evidence for pottery 

manufacture. At Inveresk the chemically homogeneous 

waste material also suggests that local production 'was 

underway. At the remaining sites the evidence is more 

problematical -as we have no direct links to any 'clear 

production indicators. Even though there is a kiln 

structure at Croy Hill its basic nature is such that 

although production is strongly suspected it cannot be 

confirmed. 
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For the sites of Croy Hill, Cramond and Bearsden 

another form of source determination was required. One 

alternative is to look at the raw material of the 

pottery through chemical analysis. Clay analysis has 

been applied very successfully to ceramic provenance 

problems and would provide a local fingerprint against 

which to test our suggested groupings. There are 

however serious problems with such analyses linked 

almost exclusively to. the logistics of sampling and 

analysis. As we do not know which potential clay 

outcrops would have been exploited in the particular 

historical phase we are interested in, the only option 

is to sample &U of the available clay outcrops within 

a predefined catchment area surrounding the site. once 

samples have been acquired then tests as to the potting 

quality of the respective clays must be undertaken to 

narrow down the potential number of sources. Once a set 

of outcrops have been defined then a large number of 

homogeneity samples must be taken to ensure that a 

representative chemical fingerprint -is established 

(Bujko- 84). It rapidly became obvious that a formal 

clay analysis sample derived from the Antonine wall 

region was far beyond the scope of this analytical 

project, in effect constituting a research project of 

its own. What was needed was an alternative to the raw 

clay and the decision was made to look at daub samples 

from the sites in an effort to characterise the local 
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clays and thus potentially source the pottery. With the 

daub samples we were also dealing with clay from a 

source we know was exploited in the Antonine period 

thus, at albeit a superficial level, overcoming the 

enormous sampling problems faced with clay analysis. 

The next chapter looks at the results of the daub 

analyses undertaken at the three sites. 

The analysis of the 

daub samples was an attempt to provenance the pottery 

groups on the basis of a characterisation of the raw 

material, the local clay. 

Before a discussion of the methodology and results 

is undertaken a definition is in order. "Daub" is a 

rather generic term applied to any clay object to which 

" clear function cannot be assigned (unlike for example 

" kiln spacer bar). Examples of archaeological daub 

range from crude mixtures of earth clay- and mud 

destined for wall surfaces (pers. comm P; Reynolds) -to 

clearly functional loom weights (Ottaway + Bell 87). In 

this study a daub has been defined as a clay fragment 

that has been subjected to some form of firing, is 

composed solely of clay (although the clay can be 

temper treated) and most importantly is very unlikely 

to have travelled from the site of manufacture. This 

clearly rules out both crude soil mixtures and portable 
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artefacts such as loom weights, in favour of, for 

example oven and furnace lining fragments. 

Now the basic assumptions that underly the= 

analysis are as follows: 

J. " Clay would not have been exported over any 

great distance for the purpose of slapping on a bread 

oven wall and thus the source can be expected to fall 

very close to the site of consumption. 

2, The clay thus exploited is chemically and 

petrologically characteristic of the local exploited 

clay outcrops. 

3-, Any daub fragments would on the macro (or 

site level) have experienced the same groundwater 

system as the pottery and thus would have experienced 

similar post depositional effects. 

Assuming that these assumptions are basically 

valid any analysis of the daub samples should be 

sufficient to facilitate a chemical fingerprint against 

which suggested local pottery can be tested. 

The definitive statement regarding 

raw material analysis appeared to have been made when 

Catling et al concluded that the chemical composition 

of a clay would differ greatly from any pottery vessel 
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constructed from it (Catling et al 63). Two 

contributing factors were identified: 

1. Refining Effects - through the preparation 

of a clay, for example levigation or temper addition. 

2. Firing Effects - Principally through a 

change in elemental concentrations due to water loss. 

Since these 

conclusions were published a number of researchers have 

analysed clay deposits with very encouraging results. ' 

Freeth tested these assumptions using, optical 

spectrography and found that after levigating a clay 

sample in water and sub-sampling from three clearly 

defined fractions the observed chemical differences 

were well within the analytical error range. To 

investigate the firing effects samples were fired at a 

temperature of 800'C for-a period of four days- to 

ensure that any loss of volatile oxides had taken 

place. Once again no significant change in the chemical 

composition was observed. Freeth concluded by stating 

that neither of the above factors were valid and that 

there was no reason to assume that clays and pottery, 

were chemically distinct (Freeth 67). It is worth 

noting that the only source of error found between the 

two materials was the result of post depositional 

leQching, an effect that should not pose any problems 

with the daub samples. 
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More recently Bujko undertook -a very detailed 

analysis of clays -and pottery -through a linked 

radiographic structural analysis and XR'F. He concluded 

that there were no great modifications to relatively, 

homogeneous raw clays through either preparation or the 

actual firing process. One problem that did arise was 

that of within outcrop clay variation, which could have 

a significant effect if only a very specific part of 

the outcrop had been exploited in antiquity. Problems 

were also postulated in the case of clay mixing to 

achieve desired properties. The basic unchallenged 

assumption was that there are specific, repeated and 

definable dependant relationships between the raw 

material and finished product (Bujko 84)-. 

Topping and Mackenzie analysed through NAA a, 

series of clay sources from the Western isles, once 

again testing the assumptions of Catling et al. They 

found that firing had no effect upon the chemical 

composition but that the addition of grass and barnacle 

temper agents did alter the chemical composition with 

respect to the raw clay. This effect was removed 

however by normalising the data to Scandium to remove 

dilution effects, a procedure undertaken as standard in 

this analytical project (Topping + Mackenzie 88). 

Analyses are currently underway by Storey using clay 

analysis to almost routinely provenance sherds of 

pottery (Storey 88). 
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The experimental evidence suggests that far from 

being totally inappropriate, clay analysis can yield 

excellent comparative results sets for the purpose of 

provenance. Although the suitability of daub as opposed 

to raw clay should be straightforward, in this study 

the questions of preparation and firing with respect to 

the daubs were monitored through petrological analysis 

and a series of repeat chemical, samples linked to 

magnetic susceptibility checks. The problems associated 

with post depositional effects have not been greatly 

considered by researchers since the work of Freeth, 

however with the daub samples, as mentioned in the 

initial assumptions, we are dealing with a fired 

material that has shared the soil/groundwater 

system with the pot sherds and thus suffered the same 

broad post depositional effects if any. 

To monitor any possible 

changes in the non-plastic fraction and examine the 

suite of mineral inclusions present, the daub samples 

were analysed through thin section petrology. Evidence 

for the presence/absence of fine and coarse mineral 

fractions and features indicative of clay mixing were 

recorded at this stage. 

To ensure that there were no chemical effects 

from very coarse inclusions (eg. large lithic 
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fragments) these grains were carefully avoided during 

the sample preparation stage of the chemical analysis. 

To remove any possible dilution effects the data was 

normalised to Scandium, as described in Section 2. 

To look at the effects of firing 

upon the chemical composition of the daubs samples were 

taken from the site with the largest daub grouping, 

Cramond. The first stage in the analysis was to look at 

the magnetic susceptibility values for the daub 

assemblage. 

Susceptibility is a measure of the ease with which 

a material can be magnetised (Thompson and 0 ldfield 

86). A sample with a high susceptibility will be more 

magnetised when placed in a magnetic field than a low 

sample. In clays the magnetic susceptibility is largely 

dependant upon various forms of Iron oxide present in 

the material. Most clays are naturally weakly magnetic 

(containing the oxide form Haematite) but this can be 

converted into the more strongly magnetic forms 

Magnetite and Maghaemite through heating. The firing of 

a clay sample often, results in a greatly increased 

susceptibility. 

In practical terms the susceptibility is measured 

using an A. C. susceptibility bridge, comprising two 

balanced coils which generate a magnetic field. When a 

sample is placed in one of the coils it puts out the 
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balance and generates a current proportional to the 

susceptibility. The values for the daub samples are 

given below: 

CDO01 260 

CDO02 948 

CDO03 936 

CDO04 776 

CDO06 - 870 

CDO07 - 956 

CDOOB - 240* 

CDO09 - 172* The asterisk samples 

CDO10 - 1416* were recorded as 

CDO11 - 856* 'Furnace Lining' fragments. 

CDO12 - 280* 

It is clear that in the 

majority of cases the basic assumption that the daubs 

were fired was verified. This is evidenced by the very 

large (ie. above 700) observed susceptibility values. 

It is very interesting to note that over one half of 

the suggested furnace lining samples had very low 

susceptibilities, lower in fact than the majority of 

non furnace daubs. This would suggest that if they did 

form part of a furnace structure it was clearly a 

portion not directly involved with the heating process. 

The next step in the analysis was to sample the 

daubs for NAA. To monitor any potential firing effects 
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six of the largest samples were then fired to a 

temperature of 900*C for a period of 2 hours and left 

for 12 hours to cool to simulate the effects of a 

simple kiln firing (pers. ccmm Chapman). The samples 

were then cleaned and re-sampled in the iccamicn 

as the original NM sample : 

NAA SAMPLE DRILLING 

FIRING 

DAUB DAUB 

By sampling in 

the same cleaned drilling depression it was hoped to 

avoid any possible inhomogenei-Ly effects which may have 

clouded the results of the firing assessment. As a 

check on the elemental homogeneity of the daubs, a 

selection of the samples were repeat sampled in 

different locations prior to the firing. 

After firing the samples were re-analysed through 

magnetic susceptibility and the results are presented 

below: 
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Mass 

CDO02 948 252 40.831 38.447 5.84 

CDO03 936 1584 17.658 17.443 1.22 

CDO04 776 652 51.603 50.250 2.62 

CDO06 870 608 38.552 37.044 3.91 

CDO07 956 584 48.777 46.741 4.17 

CDO08 240 92 41.206 39.324 4.57 

As stated 

the very high susceptibility readings recorded for the 

majority of the daub samples suggested that they had 

been fired. The fact that most of the susceptibility 

readings drop after the test firing, even in the case 

of sample 8 which has a low initial reading, is 

strongly suggestive of secondary iron conversion, to a 

lower susceptibility oxide, which could be due to 

either: 

1. The fact that the samples had been fired 

before. 

2. Ground up pottery or fired clay had been used 

to manufacture the daub samples. 

As there is no petrological 

evidence whatsoever for the exploitation of either 

crushed potsherds or fired clay fragments this result 

confirms the original interpretation that the daubsýhad 
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been fired in antiquity. 

In each case there was a change in the sample mass 

associated with the firing ranging from 1.22 to 5.84% 

of the original mass. As discussed, any effects this 

may have upon the elemental concentrations are 

compensated for by the data normalisation process. 

The final stage in the 

assessment was to compare the elemental concentrations 

of the original and fired samples and this was 

undertaken through the coefficient of variation. 

The results are presented in table 4.1 where in 

only 3 cases were values of V observed significantly 

over the established 15% cut off level. There were no 

elements showing repeated instances of inhomogeneity 

and no observable trends. Comparisons with the pre- 

firing homogeneity check data show that one of the 

elements to exhibit a single value of V above 15% was 

Rubidium, the only element clearly shown to be 

inhomogeneous by the pre-firing check. 

The results of this-analysis serve to confirm the 

results of the earlier investigations in suggesting 

that with daub as with clay, any, changes introduced 

through the firing process fall well within the 

expected levels of natural and experimental variation. 

With the preparation and firing effects thus 
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I 
studied the decision was taken to analyse the daubs 

with respect-to the suggested local pottery from the 

sites of Croy Hill, Cramond and Bearsden. 

Petroloav: 

The site produced an assemblage of 12 daub samples 

comprising the tntal assemblage of stratified -daub 

fragments. Looking at the daub samples petrologically, 

four very broad groups can be discerned on the basis of 

the quartz and shale inclusions so crucial in the 

pottery ware identification (tables 4.2-4). 

GROUP 1: 1, (, j), (4), (6) - Abundant silt/fine sand + 
shale 

GROUP 2: 7,5,11,11 - Abundant silt/fine sand no 
shale 

GROUP 3: - Low quartz fraction 
abundant shale 

GROUP 4: 9-, (12) - Low quartz fraction no 
shale 

It is worth noting that 

although the daub samples can be- seen as the end 

product of a deliberate process, the nature of the 

material is too ambiguous to justify use of the term 

"fabric", which implies a very specific reproducible 

raw material mix. The patterns seen in the daub samples 

tend to be at best very broad. With the daub samples 

the term "group" will be used as opposed to fabric and 
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the petrological recording reflects this taking the 

form of summaries of the important features linked to 

frequency, size and shape charts as opposed to the very 

detailed descriptions given for the pottery fabrics. 

At first glance it would appear that groups 1 and 

3 (with the characteristic shale inclusions) are the 

best candidates for source characterisation, however as 

stated, this classification is very broad and begins to 

break down as further factors are considered. 

The bracketed samples in the table above do not 

contain mica unlike the pottery which is moderately 

micaceous. Also, the underlined samples show clear 

zones of banding and striping within the matrix. As 

discussed in Section 3 this has 'traditionally-been 

regarded as indicative of clay mixing, but Woods has 

pointed out that most clay deposits naturally, contain 

clays of different colours which may be difficult to 

disperse through even very, thorough mixing (Woods 82). 

One interesting sample is 12 which contains little 

other than silt and siltstone inclusions. It is 

petrologically very different from the -other daub 

samples. 

Looking at the angularity of the inclusions (table 

4.4) it is clear that the lithic, sandstone, feldspar 

and pyroxene grains are very angular, far more so than 

in the pottery samples. Table 4.3 displays the 

inclusion size information where the lithic, shale and 
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sandstone fragments are seen to be very coarse: 

Shale = Greater than 6mm 

Lithics = Greater than 9mm 

Sandstone - Greater than 8.5mm 

If we 

combine this information with that for the angularity 

we appear to be seeing evidence for the addition of a 

crudely crushed temper to the basic clay fraction. It 

should however be borne in mind that the problems with 

the identification of such inclusions as deliberate 

tempers are complex (pers. comm Freestone, Vince). ,ý 

Looking at the samples with respect to the 

pottery, 2 factors are obvious. The first concerns the 

basic similarities between the suite of daub as 

compared to pottery inclusions, with the notable 

exception of the rock or lithic fragments. As 

described, the ang7ular rock fragments are both common 

and coarse in the majority of the daub samples but 

absent in any of the pottery sections. 

The second factor is. mica, already identified as a'. 

potential fabric indicator in Section 3, as although it 

is moderately common in the pot sections it is often 

absent in the daubs. 

Looking once again at the daub samples and 

defining the pottery on the basis of Shale, mica and an 

absence of rock inclusions, only one daub sample 
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fulfilled the three criteria, sample 2. 

We can conclude petrologically that the range of 

daub and pottery inclusions is the same, with the 

exception of the rock which appears to have been a 

deliberate crushed addition in the case of the daub 

samples. Looking more closely at the daubs we only find 

one very close match to the pottery fabric, though this 

is not surprising bearing in mind the generally assumed 

crude nature of the daub matrix. One factor of 

particular importance is the evidence of possible clay 

mixing as this may have some bearing on the results of 

the chemical analysis. Its effect depends upon the 

chemical similarities of the clays utilised. 

The first problem that arose with 

the chemical analysis derived from the very small size 

of the majority of samples along withýtheir friability 

once the surrounding soil had been removed. 'It was 

clear that any attempt to clean, and then drill 100mg 

would- result in the total destruction of the sample 

preventing any thin sectioning, along with a very real 

risk of surface contamination of the sample. It was 

equally obvious that any thin sectioning prior to NAA 

sample drilling would require that the entire fragment 

to be resin impregnated thus preventing any subsequent 

attempts at drilling. Given the potential for sample 

contamination the decision, was taken to take the thin 
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section sample where the problem arose. In light of the 

sample preparation problems that were subsequently to 

occur this decision proved wise. 

The resulting NAA sample population consisted of: 

6x Samples from context group LBO 2, including a 
homogeneity test. 

2x Samples from context group LDK 1, comprising a 
homogeneity test. 

Ix Sample from context group LDH. 

The next problem came in the sample preparation 

when half of the samples were lost through 

contamination during the sealing of the quartz sample 

tubes. It should be stressed that these were the only 

possible samples from the TOTAL site daub assemblage 

and as such are irreplaceable. 

- The 
, remaining samples comprised sections 

1,6,7,10,2. Only one set of homogeneity samples 

survived, fortunately this corresponded to sample 2, 

one of the samples showing evidence of possible clay 

mixing. -Study of the homogeneity sample through the 

coefficient of variation (V) showed only Tantalum as 

showing a spread above the 15% level (table 4.5). All 

of the remaining elements fell comfortably below this 

level. This suggests that the evidence for possible 

clay mixing is probably natural, as the elemental 

composition is largely homogeneous. 

- The question of how best to analyse the daub data 
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with respect to the pottery is a complex one. Given the 

severe lack of samples (a parallel to the Bar Hill 

situation) any multivariate analysis is likely to prove 

inconclusive. To resolve the problem the primary stage 

of data analysis described in Section 2 was adopted 

where the elemental concentrations are analysed through 

the coefficient of variation and simple two-element 

scatterplots. 

Through the coefficient, elements showing both a 

good degree of within sample homogeneity and good 

between sample spread were identified as possible group 

discriminators. The daub data is presented in table 4.5 

where several important factors can be seen. The first 

is that Tantalum shows almost as much jn sample as 

between sample spread and must clearly be regarded as 

inhomogeneous and thus unreliable for analytical 

purposes. The second factor is that several elements 

exhibit the low "in"-- high "between" coefficient 

indicative of good potential discriminators. The best 

are Sodium and Caesium: 

Na - 9% Within sample 64% Between. 

Cs - 8% Within sample 47% Between. 

The 

resulting scatterplot, is presented as fig. 4.2 where the 

samples appear to form two clear groupings principally 

on the basis of Sodium. The groupings comprise: 
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Low Na - 2,2,10 (No rock moderate mica) 

High Na - 1,6,7 (Abundant rock moderate mica) 

The 

sample numbers quoted here refer to the thin section 

codes. 

This suggests that we are dealing with either two 

chemically distinct clays (on the basis of Na) or a 

single clay with a widely varying Na concentration. If 

the latt. er proved to be the case we would expect the 

spread of Na concentrations within the pottery sherds 

to cover the entire daub range, assuming that they 

shared the same source clay. The next stage was to 

combine the pottery data into the analysis. Once again 

the results are presented in table 4.5. 

Here once again Sodium appears to be the most 

discriminating element with a between sample V of 89%. 

The second most potential discriminator appears to be 

Hafnium - 31%. It should be noted that both Tantalum 

and Rubidium (on the basis of repeated inhomogeneity 

throughout the analytical programme) are excluded on 

grounds of inhomogeneity 'in the daub and pottery 

samples respectively. 

A plot of Hafnium. versus Sodium is presented in 

figure 4.3 where the daub samples are presented as open 

boxes. Here again it is clear that Sodium is the main 
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discriminator, with the two daub groups once again 

clearly defined. Looking with respect to the pottery 

the "rock-free" samples fall clearly within the 

concentration range of the pottery. This suggests on 

the basis of the Sodium Concentrations, that the two 

daub groupings da derive from chemically distinct 

origin clays, one of which corresponds closely to the 

clay used to manufacture the pottery. Looking at the 

elements Sodium and Cobalt (fig. 4.4) shows once again, 

although now at the edges of the ceramic distribution, 

the rock-free samples grouping with the pottery rather 

than the remaining daub samples. 

What this tells us is that in terms of the most 

spread (ie. discriminating) elements three of the 

analysed daub samples grouped very closely with the 

defined pottery fabric suggesting that they shared the 

same if not very similar source clay. The petrology 

supports this in that the suite of mineral inclusions 

observed is the same for both the daubs and pottery. 

What is clear is that the abundant-rock daubs are 

chemically different and could (given the difficulties 

of identifying deliberate rock tempers even when large 

and angular) derive from a clay source rich in natural 

lithic inclusions. 

What must be stressed is the fact that given the 

sample number limitation the interpretation is bound to 

be speculative. What is clear is that any further 
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attempts to provenance the Croy Hill material must 

involve either the discovery of waste material or 

analysis of raw clay sources as there are no more daub 

samples available for analysis from the sites overall 

excavated assemblage. 

As discussed the site 

of Cramond produced a group of- very 'homogeneous 

ceramics identical to products found at the site of 

Inveresk. Petrographical analysis found no evidence for 

a local source but-identified some tile samples as 

being probably local. The tile group and 12 large 

samples of daub were taken for comparative analysis. 

Looking firstly at the tile samples, although the 

same basic suite of mineral inclusions is present as in 

the pottery, there are two important deviating factors. 

The first lies in the quartz fraction where the Cramond 

pottery is mainly defined by, an abundance of silt and 

an absence of coarse sand grains. The tile samples 

contain very little silt coupled with a higher 

proportion of coarse sand grains. The second factor 

concerns the mica fraction which is abundant in the 

pottery and rare in the tile samples. This strongly 

suggests that two very different clay sources were used 

for their respective manufactures (table 4.6). 

In chemical terms the coefficient data is 

306 



presented in table 4.7. The tile homogeneity samples 

show only Yterbium (Yb) as consistently inhomogeneous 

with the remaining elements very reliably distributed. 

Comparing these values with those for the combined 

pottery and tile identifies Caesium (Cs) and Hafnium. 

(Hf) as the best potential indicators. Rubidium, was 

excluded on the grounds of repeated inhomogeneity in 

the pottery samples. 

The resulting scatterplot is presented in fig 4.5 

where the two groups are -very clearly separated. 

Combining the results of the petro and ý chemical 

analyses shows clearly that the pottery and tile 

samples are not related and derive from very different- 

clay sources. 

Looking at the daub samples we see in petrological 

terms a very similar situation as seen for the tile in 

that the general suite of mineral inclusions is the 

same for both the daub and pot. Unlike the tiles 

however the daubs do contain both abundant silt and 

mica and, unlike the Croy material, the samples form a 

more cohesive grouping defined principally on the basis 

of an abundance of silt and fine sand. Within this 

broad classification there is 'a further grouping 

comprising samples 3,4,5,6,7,8,9,11,12 defined on the 

basis of common rock and sandstone fragments, tables 

4.9-11. 

In terms of angularity and size the sandstone 
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tends to be, sub-rounded, reaching a maximum length of 

7mm whereas the rock inclusions are angular and exceed 

7.5mm at maximum. Whilst, the sandstone is a- common 

feature- of the pottery the lithic fragments are both 

much less common and finer, typically 0.5mm. Also of 

interest is an abundance of shale in-samples 4,5,6 and 

to a lesser extent 11 which reach up to 3.5rmn in 

length. These inclusions are very uncommon in the 

pottery rarely exceeding 0.6mm in length. 

The main petrological difference between the daub 

and the pot lies in theýquartz fraction where the 

abundant fine and occasional coarse sand are not a 

feature of the pottery assemblage. As with the Croy 

daub coarse lithicýfragments are frequently present and 

once again the coarseýsize and angularity suggests 

deliberate'addition. Unlike the situation observed with 

the tile samples there are no very reliable indicators 

to separate the daub and pot as it is feasible that 

fine sand could have been added deliberately to a daub 

derived from the same silty. clay source to improve its 

handling qualities. One final point is that unlike the 

situation seen with the Croy daub there was only one 

sample that showed any evidence for possible clay 

mixing. This was sample 2 which showed clear banding 

within the matrix. 
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The homogeneity tests for the daub 

samples are presented in table 4.8 where only Rubidium 

(Rb) and Tantalum (Ta) showed repeated values of V 

above the 15% level. Although Rubidium has proved to be 

consistently unreliable throughout the project it is 

curious that Tantalum is again unreliably distributed 

in the daub samples. 

Combining the pottery and daub samples identified 

both Hafnium and Sodium as good potential 

discriminators. The scatterplot is presented in fig. 

4.6 where the very well defined pottery group (closed 

boxes) can be clearly differentiated from the daub 

samples (open boxes), suggesting a clear chemical 

difference. If the daub samples are incorporated into 

the Tile and pottery scatterplot of Cs vs. Hf the group 

definition becomes very clear (fig 4.7). 

The pottery and tile groups are very well defined 

as discrete groups along with a rather spread group of 

daub samples. There is no overlap at all between any of 

the groupings. 

In conclusion it is clear that the petrological 

differences seen between the tile, pot and daub samples, 

are echoed in the chemical analysis. If our basic 

assumptions regarding the representivity of the daub 

samples is valid, this result suggests that not only 

are the pot and tile composed of very different source 

309 



clays but neither appear to have been made from a local 

clay source. 

In light of the close similarities between the 

pottery from Cramond and Inveresk this result is 

perhaps not surprising, however it does cast some doubt 

over the interpretation of the tiles as a local 

product. 

Samples were 

taken from two groups of daub fragments and from a 

fired clay fragment described by the excavator as a 

possible native sherd but more realistically 

interpreted as a daub fragment. From these groups three 

thin sections and eight NAA samples were furnished. 

Petrologically the so called Native sherd (sample 

8) has been discussed in detail in chapter three where 

it was seen to be different from the main body of the 

ware on the basis of an absence of silt, fine sand and 

mica. The remaining daub data is presented in table 

4.12. As with the Croy daub groupings the range of 

minerals present overlaps with that for the pottery 

considerably. The main observable differences lie in an 

increase in the rock and shale contents of the daub 

samples. The lithic inclusions are interesting as they 

tend to be less angular and although they reach sizes 

in excess of 5mm. there is a wide spread of grain sizes 

from 0.2mm up. This suggests strongly that the 

310 



fragments are in this case natural to the clay and do 

not represent deliberate additions. The main types of 

lithic inclusion seen in the daubs are siltstones and 

volcanic tuffs which could indicate a laval source, 

thus tying in with both the results of section 3 and 

with Collins suggestion that some of the rock fragments 

seen in the pottery sections could have derived from a 

volcanic source. 

To sum up, the Native sherd is clearly different 

petrologically from the remaining daubs on the basis of 

silt and mica changes. The remaining daub groups differ 

in terms of an increased rock content which appears to 

derive naturally from the source clay and is a feature 

that could easily be modified by any preparation 

process 

Chemically the daub samples proved 

to be far less homogeneous than the other site daubs 

analysed. Rb, Fe, Cs, Ce, Pa and Na all show evidence 

of inhomogeneity through repeated high values of V. 

This result is very surprising as there is no evidence 

at all for clay mixing yet the daubs are less 

homogeneous than the possibly mixed examples from Croy 

and Cramond. The results are shown in table 4.13 along 

with the combined daub and pottery results. 

Looking firstly at the daub samples themselves the 
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elements Cobalt (Co) and Hf appear to show the 

homogeneity characteristics of good potential 

discriminators. Figure 4.8 shows a scatterplot of Co 

versus Hf where the Native samples (diamonds) can be 

clearly differentiated from the remaining daub samples 

principally on the basis of Hafnium. This would suggest 

that the groups are not only petrologically but also 

chemically distinct, unless the natural spread of Hf 

values for the clay outcrop is large. 

Incorporating the "local" ware pottery group into 

the coefficient calculation identifies Neptunium (Np), 

Ta and Hf as the most promising indicators. Figure 4.9 

shows a scatterplot of Np versus Hf for the pottery 

(filled boxes) and daub samples (open boxes). It is 

clear that both of the daub groups and the ? Native 

sample fall within the general spread of the site ware. 

This interpretation is strengthened when we look at Ta 

and Np (fig 4.10) where the samples sit comfortably 

inside the ware group. 

Therefore in the case of the Bearsden ware and 

daub samples the chemical and petrological results 

suggest very close affinities between the groups which 

implies the exploitation of a single or very closely 

related clay outcrop. The petrological differences of 

the Native sherd coupled to its chemical homogeneity 

suggest the exploitation of a different outcropr 

although again closely related chemically to that of 
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the pot and daub, ie. local. 

rT4APTFR 4.4 r-nnr I us inn 

In conclusion then 

we can, on the basis of a combination'of factors make 

positive local source assignations for the sites of 

Bar, Bearsden, Croy, Duntocher and Inveresk. There is 

no evidence at all to support the concept of local 

production at Cramond. 

In terms of the techniques employed, the analysis 

of daub samples although limited by the volume of 

available material yielded very encouraging results and 

argues strongly for the validity of clay analysis as a 

provenancing tool. The use of daub samples as opposed 

to clay overcomes the problems of identifying clay 

outcrops that would have been exploited during the 

phase of antiquity you are interested in and the 

questions of post-depositional effects on the macro 

(site) scale. 
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CHAPTER 5.1 The Mortaria 

As part of the 

analytical study of the suggested local wares found on 

and around the Antonine wall, the mortaria identified a 

by Hartley (Hartley 76) and discussed in Section 1 of 

the thesis, were sampled for analysis in the same 

fashion as the site coarse ware sherds. 

The sample chosen-comprised &U of the stamped 

fragments identified and recorded by Hartley where 

Museum permission for removal could be gained. In this 

section all references-to stamps are, printed in block 

capitals whereas form groups are underlined. 

Supplementing this collection a reference group from 

the kilns of Rossington Bridge (Stamped 11SARRIUS11) and 

Cantley (Stamped 11VBRN11 and Trademark-C) in Northern 

England was taken along with a selection of comparative 

sherds derived from suggested "local" thick walled 

vessels (comprising pipe and tile fragments from 

Newstead and so called "native", fragments found in 

Roman contexts). This comprised'a'total sample of 109 

fragments the details of which -are presented in 

Appendix 5.1 along with sample code'identifiers. 

1. The original intention wasýto analyse the mortaria 

samples in the same fashion as the site wares but this"' 

was modified due to the influence-of four factors: ' 

Museum restrictions on both NAA and Thin 

Section sampling resulted in many instances where 
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permission was given to take one sample or the otherr 

but not both. A further related problem was that the 

sample location was decided by the museum only, which 

often _resulted, particularly in the case of the thin 

sections, in samples not being taken from ideal, ie. 

representative, parts of the sherds. 

2,, 
_ 

The second factor was the loss of over thirty 

NAA samples as the result of an unforeseen temperature 

fluctuation during one of the NAA runs. This greatly 

depleted the numbers of sherds in many of the Stamp 

groupings. These sherds were not made available for 

repeat analysis. 

The relatively large number of samples made 

traditional petrological analysis far too time 

consuming so an alternative analytical method had to be 

employed, "Attribute analysis". 

AL,. The two mortaria groups from the North of 

England were included as they are the suggested sources 

of the IISARRIUSII stamped mortaria found on the sites of 

the Antonine wall (pers. comm. Hartley). The 

comparative material from the wall was however reduced 

to 2 samples after both the loss of samples in the 

reactor and an unforeseen administrative time delay 

which resulted in the majority of the Antonine wall 

samples only becoming available for analysis after the 
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project duration had expired. 

As well as the problems outlined above 

the problem of sample size, which had dogged the 

analysis of the site groups, was also present. After 

(and in certain cases before) the factors ýoutlined 

above, many of the stamp groups contained only 2 

example sherds and in no cases did a group contain the 

arbitrary c. 20 sherds required for more reliable group 

based analyses. It should be stressed that the material 

sampled does however represent the vast majority of 

material that was identified as local by Hartley at 

this point in time. No work has been undertaken on the 

identification of further 'material since Hartleys 

seminal paper. 

Although greatly altered from the original design 

it was felt that the analysis of the samples should be 

undertaken. The result was a full chemical analysis of 

the samples left after the run loss, linked to an 

Attribute Petrological analysis of the samples with a 

linked full textural analysis. 

In the following Section, the revised methodology 

presented by the Attribute analysis will be described 

before the results for the analyses are examined and 

combined and the findings discussed. 
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The time constraint problems 

involved with the processing, through traditional 

Petrological analysis, 'of large groups of thin section 

samples are enormous. This is a direct result of the 

basic nature of the analysis, where fabric definition 

and, refinement is based- upon a repeated visual 

comparison of slide samples. - With large sample groups 

(usually above 60 samples) the problem can be extreme. 

In this study the samples numbered 109. 

To overcome this restriction research has been 

underway at the British Museum Research Laboratory to 

develop computer based, techniques for the rapid 

establishment- of initial fabric groupings based upon 

large volumes of petrological data, which can then be 

refined if necessary by more traditional petrological 

methods. 

After experimenting with direct Pairwise 

comparative techniques, -a method for the rapid 

classification of,, a data set was established termed 

"Attribute Analysis". This involved an initial survey 

of the sections to enable a number of ýfeatures or 

'attributes' useful in the-classification of potential 

fabrics -to be identified. The number of- attributes 

chosen can be as low as 2 but between 4 and 5 is most 
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useful for subsequent statistical analyses. In this 

study 5 attributes were chosen: 

SILT-FINE SAND (1) 

MEDIUM-COARSE SAND (2) 

MICA (3) 

ROCK (LITHIC) (4) 

OPAQUES (5) 

These features were 

present in the majority of sherd samples and those felt 

most likely to reveal any fabric structure inherent in 

the data set. 

For each attribute thus identified a score was_, 

given for each analysed section corresponding to the 

relative abundance, here between 0 and 5. It should be 

stressed that the score is not common or absolute for 

each attribute, therefore a score of 5 for quartz may 

indicate an abundance level of 40% whereas a5 for -a 

generally less common feature, for example lithic 

inclusions, may indicate an abundance level of only 

10%. The data is thus Ordinal in nature as opposed to 

fully quantitative (Middleton et al Forthcoming). 

In practice each sherd is examined and a matrix of 

attribute scores is established. To ensure that the 

analysis remains as objective as possible a set of 

standard sherds are defined prior to the analysis which 

illustrate the abundance levels and against which 

checks can be made. The standards used for the quartz 
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fraction in the mortaria analysis are given below: 

S5 CORE STLT-FTNE SAND 

1 CRO18 

2 H002 

3 H022 

4 NMOO7 

5 NMO12 

M-7T)-rOARSE SAND 

H013 

NM011 

NMO18 

RB006 

RBOOS 

if the 

situation occurs where a sherd abundance rises above 

the established '151 level dictated by 'the standards 

then scores of 6+ can be used to describe the sample. 

it should be borne in mind that the greater t-he degree 

of descriptive precision'the 

the analysis' will require. 

mortaria samples are present 

The next stage, of the 

data matrix and convert it 

using the formula: 

greater the time týv that 

The results for the 109 

ed in table 5.1. 

analy sis was to take the 

into a similarity matrix 

Sij = Wk Xki _ Xkj I /Rk 

Where 6ij The dissimilarity 
between sections i and j. 

xk I Attribute value for the ith 
section for attribute k. 

Rk Range of values for attribute 
k. 

Wk weighting factor. 

The optional weighting factor' allows certain 

attributes considered to beýrelatively more important 
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to have a greater influence upon the analysis through a 

greater weighting. In the context of this programme of 

research this does however introduce a large subjective 

element into the analysis. It is also worth stating 

that any consideration of importance based upon a 

cursory examination of the sections is bound to be both 

of limited use and hard to translate into a 

representative weighting factor. In this analysis the 

samples were processed unweighted and, as an exercise, 

with an arbitrary weighting applied to reflect the 

perceived importance of the quartz fraction in the 

establishment of fabric groupings. This derived from 

the identification of a coarse, angular sand temper 

present in the Rossington Bridge and Cantley mortaria 

samples at the cursory visual examination stage. The 

weightings given are presented below: 

STLT/FINE MED/COARSE MICA ROCK OPAQUE 

220.3 0.3 0.3 

The 

purpose of the exercise was simply to assess the impact 

on the results sets gained from'the original unweighted 

analysis through the introduction of arbitrary 

weightings. It should be stressed that the weighting 

figures were only arbitrary numbers 'felt' to emphasise 

the quartz importance adequately and thus are 

inherently subjective assessments. 
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Tho- T)At-a Prnnessing Of Attribute Derived nata! 

Once the 

similarity or distance matrix has been established it 

can- be analysed through two methods of multivariate 

statistical analysis, Cluster Analysis and 'Multi- 

Dimensional Scaling. -. 

The methodology of Cluster analysis 

has been discussed exhaustively in Section 2 and need 

not be repeated here. The only difference is that only 

the Nearest Neighbour, Furthest Neighbour and Group 

Average algorithms are suitable for use with this type 

of data set. Of these algorithms Group Average was 

found to perform most consistently in a series of tests 

undertaken at the British Museum and it is this 

algorithm that has been applied throughout this 

analytical study. It should be stressed that the 

effectiveness of any Cluster Analysis undertaken on 

such data depends directly upon the crudity of the data 

set, the fewer the attributes and broader the abundance 

score range, the greater the blurring and smearing of 

observable distinctions. 

This is a non-metric method 

for the non-linear reduction of dimensionality. Given a 

set of observed measures of similarity/dissimilarity 
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between every pair of In' objects the method will find 

a representation of the objects as points in Euclidean 

space such that the interpoint distances in some sense 

"match" the observed similarities/dissimilarities. 

Of the methods available the SHEPARD-KRUSKAL is 

the most commonly applied and has been used in this 

study. A central feature of this method is the 

specification of MONOTONICITY, as the sense in which 

the interpoint distances "match" the observed 

dissimilarities, and Kruskal established an explicit 

measure for judging the the degree of conformity to 

monotonicity in any - suggested solution. This 

Monotonicity constraint is said to be perfectly met if 

the order relationship amongst the interpreted 

distances in the Euclidean representation of the 

objects is in exact accordance with the order 

relationship amongst the observed dissimilarities. 

Such a perfect match may not hold in a particular 

euclidean representation and one then needs both a 

measure to evaluate the closeness of match and a method 

of determining a configuration so as to achieve as 

close a match as possible. Complete conformity to 

monotonicity is always -achievable by using ,a 

representation in a space of sufficiently high 

dimensionality, however practically the primary aim of 

the -technique is to- find a low dimensional 

representation in which conformity is achieved to a 
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reasonable degree if not perfectly. One measure for 

assessing the fit of any proposed configuration is the 

sum of squares of derivations and a normalised version 

of this was established by Kruskal who called it the 

"Stress". 

What is required is the best configuration in 

euclidean space of user specified dimensions. This can 

be defined as one whose stress is a minimum along all 

configurations in that space. - In practice you start 

with an arbitrary trial configuration and modify this 

until the stress is deemed acceptable. 

Kruskal proposed the following guidelines to be 

followed for ascertaining the importance of a given 

stress value: 

20% = Poor fit. 

10% = Fair fit. 

5% = Good fit. 

2.5% = Excellent fit. 

0% - Perfect fit. 

In practice three 

dimensional -solutions were requested for the mortaria 

analyses and the stress values obtained fell well 

below the 2.5% level indicative of an excellent fit. 

The output for the analysis takes the form of x, y 

and z co-ordinates which can be plotted as two 

dimensional scatterplots. There is however a 
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fundamental problem with the technique that manifests 

itself at this stage, due to the fact that the scaling 

is non-metric and not proportional. This leads to 

inherent distortions which mean that you rarely get 

very good spatial separations which in turn makes 

direct interpretation of the scatterplots often 

difficult. The results of the analysis will be 

discussed in the next chapter; a more detailed 

mathematical discussion of the technique and its 

applications has been presented by Gnanadesikan 

(Gnanadesikan 77). 

From the suite of 16 elements used 

for the analysis of the locally produced site material 

a total of only 10 were used to study the mortaria 

samples. These elements comprised: 

Co, Eu, Hf, Cr, Fe, Cs, Ce, Pa, Na, La 

Rubidium. was excluded on the grounds of 

inhomogeneity; this element had proven inhomogeneously 

distributed in &JI of the site sample checks and must 

be regarded as generally unreliable in the context of 

this analytical project. The remaining 5 elemental 

exclusions were due to detection failures in a number 

of samples within each of the analytical runs. As 
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discussed in Section 2 it is statistical suicide to 

replace these missing values with the overall group 

mean, a practice which also implies prior knowledge as 

to the sample group membership which in turn lowers the 

objectivity of any analysis. In this analysis such 

elements were masked from the data processing phase to 

prevent any distortions entering the analysis. 

The first stage was to ascertain the normality of 

the data distribution through the Skewness and Kurtosis 

statistical moments and the results are presented in 

table 5.2. As can be seen all of the values fall within 

or very close to the +1/-l Skewness, +3/-3 Kurtosis 

level seen as reflecting the normal distribution form. 

To assess the degree'(if any) of correlation 

within the samples elemental sprea . ds a correlation 

check was undertaken and the results are presented in 

table 5.3. The- results clearly show only three 

elemental combinations with- coefficient values 

significantly over the +0.5/-0.5 level and these are La 

vs. Ce, La vs. Pa and Pa vs. Ce. This result is not 

surprising considering that the majority are rare Earth 

elements which always correlate. The scatterplots for 

these pairs are shown in figures 5.1-3. 

As discussed verv -highly -correlated data can 

severely distort Cluster Analyses. The levels of 

correlation seen with this data set are low, and as 

further multivariate statistical techniques compensate 
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for correlation effects (Section 2) the decision was 

made to include these elements in the subsequent 

statistical analyses. 

The Cluster analysis results showed 

very high levels of agreement, with all of the 

algorithms bar Wards identifying a single outlying 

sample along with a large undifferentiated grouping. 

The Wards solution identified three groupings-but not 

the outlier. 

A discriminant run was 

undertaken to see whether the Wards groupings could be 

regarded as valid or were simply over-interpretations 

furnished by its structure seeking nature. The 

resulting scatterplot is presented in fig. 5.4 where 

the groups are clearly discrete, suggesting that the 

solution is valid. The analysis details are presented 

in table 5.4 where the elements responsible for the 

discrimination can be identified as: 

Function 1 Function 2 

Na (-0.787) Hf (-1.023) 
Cr (-0.739) Cs ( 0.848) 
Pa ( 0.715) 

The analysis 

did identify 2 sample re-assignations on the basis of 
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the highest probability of group membership scores and 

the question of the outlier sample Natm006 was answered 

by its very low probability for group membership (0.07) 

which suggests that although not identified by the 

Wards algorithm, it belongs to a group as yet 

undefined. These results yield the revised 

interpretation given below. 

Group 1! (Remaining Samples) 

Group 2: (Cantley 3,9,8,11,1,10,4,2,7,5 - 
Rossington Bridge 3,9,4,8,1,6,5,7 
Hunterian Museum 1,34,25,30 
National Museum 7,15,18) 

Group 3: (National Museum 2,1,21,22,23,24,19,8 - 
Hunterian 38,2,27,28,37,36) 

Group 4: (National-Museum 6) 

It is worth noting that this 

phenomenon of the Wards cluster algorithm finding group 

structure at the expense of very well defined outlying 

samples (clearly identified by the less structure 

orientated algorithms)-, has -arisen throughout this 

analytical project. 

An independent principal 

components analysis was undertaken on the data set 

yielding the results presented in figures 5.5-7 and 

table 5.5. The numbers (1-3) on the plots correspond to 

the initial Wards cluster group codes and were simply 
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used for convenience. It is clear that the analysis 

failed to identify any group structure yet confirms the 

presence of sample Natm006 as a very clear outlier 

sample thus leaving our three group solution 

unmodified. 

In terms of the implications of these 

results, as regards the Stamp groupings the results are 

presented in table 5.6. Here it is clear that only the 

Rossington Bridge ("SARRIUS")/Cantley ("VBRNII), "EMI" 

and Tnveresk derived samples are clearly defined within 

the analytical groupings. The remaining stamp group 

samples are spread between the three broad analytical 

groupings. What is interesting is that the Cantley and 

Rossington Bridge forms although carrying different 

stamps are chemically indistinguishable and fall into 

the same group as the 2 Scottish "SARRIUS" samples 

found on the wall sites. 

Cluster analysis of the complete 

unweighted 109 sample group was undertaken using the 

Group Average algorithm as discussed. The analysis was 

performed on the British Museum Hewlett Packard 

computer system which does not produce graphical output 

(ie. dendrograms), therefore the interpretations were 

based upon a study of the cluster coefficients and 

stopping rule values, -the latter of which are given in 

table 5.7. The results showed little in the way of very 
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clear "significant level" definition, with the 3 

cluster level given as most plausible; The resulting 

data groupings are presented in table 5.8 with the 

corresponding stamp and form information given in'table 

5.9. 

It is clear that no single stamp or form grouping 

has been defined on'the basis of the attribute scores 

alone. Instead we are presented with two main groups, 

the first composed mainly from "EMI'll 11CICV11 0' 

Ralmuildy-A and Inveresk derived mortaria samples and 

the second group by the Bar Hill, IIVBRN" and "SARRIUS" 

mortaria groups. The remaining cluster group contains 4 

apparently outlying samples. This suggests that on the 

basis of the attributes measured there are significant 

petrological differences between the ceramic groups 

comprising cluster groups 1 and 2, but a high degree of 

homogeneity between the component stamp and form groups 

within the clusters. 

A Multi-Dimensional Scaling analysis was 

undertaken for three dimensions (ie. 3 co-ordinate 

values) which was-achieved with a stress value of only 

0.212 which suggests an excellent fit with the optimum 

solution. 

The co-ordinates were plotted and the resulting 

scatterplots comprise figures 5.8-10, where the sample 

points are coded for stamp and form types. An 

explanation of the codes in the form of a code key is 
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given in table 5.10. 

It is clear from all three plots that the analysis 

has identified-= groupings within the main body of the 

data set, although the samples comprising the "EMI", 

"SARRIUS'l, "VBRN" and Rar Hill groups can be seen as 

well defined within the boundaries of the main group. 

The only differentiation present in the plots comes in 

the 2 vs. 3 dimension plot where the samples comprising 

the outlier cluster group 3 can be seen lying slightly 

above the main body of samples. 

To enable an easier comparison with the cluster 

groupings the plots were repeated with the samples 

coded at the 8 cluster group level (figs 5.11-13). The 

groups correspond to the three cluster level as shown 

below: 

Cluster Groups 1+7+3+2 

rhister Groups 4+6 

Clyster Groups 5+8 

As can be seen 

the samples comprising the cluster groups have been 

defined as clear entities by the Scaling, but the 

technique has not been able to separate them with the 

possible exception of cluster 3. The plots demonstrate 

very well the distortion problems with the technique 

mentioned earlier, which tend to, blur and smear 

distinctions in the scatterplots, a medium of graphical 
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output that is often very hard to interpret objectively 

with even non-distorted data sets. In this example the 

Cluster analysis has proven the more useful of the 

techniques of attribute analysis data 

simplification. 

As discussed a weighted analysis was undertaken to 

look at the effects of applying arbitrary compensation 

factors. 

The first stage was a Cluster analysis once again 

using the Group Average algorithm and stopping rule 

information to establish an optimum cluster number. The 

stopping rule details are given in table 5.11. As in 

the unweighted analysis the stopping rules showed a 

very progressive clustering of sample points, which 

suggests that there is little in the way of structure 

present in the data set. The only cluster level that 

appeared significant was 2, and the resulting group 

details are given in table 5.12. The relevant'stamp and 

form group details are presented in table 5.13. 

'Once again no single archaeological grouping was 

identified as petrologically distinct on the basis of 

the attribute analysis instead the two main groups 

produced by the unweighted analysis run were 

reproduced, with the third unweighted cluster group 

samples spread between them. 

A Multi-Dimensional Scaling analysis was 

undertaken for 3 dimensions and the solution was 
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achieved with a stress of 0.144, suggesting once again 

an excellent fit. 

The resulting scatterplots are shown in figures 

5.14-16 where the samples are coded by stamp and form 

group. What is immediately clear is that the plots are 

even IPSS structured than in the unweighted example 

with the 1 vs. 2 dimension plot displaying a quasi- 

regular patterning which obscures any data structure 

that may be present. The plots were again repeated with 

the 8 cluster level codings for ease of comparison 

between the result sets (figs 5.17-19). These codes 

correspond to the 2 cluster solution as follows: 

Cluster 1=1+21 

Cluster 2 -. 3 +4+5+6+7+8 

it is 

immediately obvious that although the analysis has 

grouped the same samples as the cluster analysis (into 

units within the overall spread), it has once again 

failed to separate any of these discrete units and 

illuminate any data structure. 

-The weighting of the data set 

was undertaken as an exercise to reflect the perceived 

importance of a coarse sand temper in . the 

identification of petrological fabric groupings--amongst 
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the samples analysed. The results did not clarify or 

refine the interpretation furnished by the unweighted 

analysis, if anything making the Scaling plots much 

less clear through what can only be interpreted as a 

greater degree of distortion. When this is combined 

with the fact that the weighting factors are derived in 

the first instance in a very arbitrary manner, caution 

should be exercised with their use. Although at first 

glance the weighting option seems to be very useful in 

the targetting of the analysis, it does erode the 

levels of through the imposition of 

preconceived levels of importance, through 'the 

application of arbitrary compensation factors. 

The last, and perhaps most productive aspect of 

the attribute analysis programme, was to look at the 

homogeneity of the stamp and form groupings. The 

distance matrix was analysed, and for each group the 

distances were summed for 'the constituent points 

relative to the other group members. The mean distance 

was obtained and expressed as an estimate of the within 

group homogeneity. The purpose of the analysis was 

simply to look at the homogeneity of the archaeological 

groupings on the basis of the petrological attributes 

measured. The values for the data set are presented in 

table 5.14. 

The values range up, from 0.000 (indicating perfect 

homogeneity) as the data groups become less 
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homogeneous. As is to be expected the 'blanket' groups, 

such as the Native and ? Scot, containing samples from- 

many different projected production centres, show very 

high values (around 1.000) for the mean. This is in 

direct contrast to the suggested single workshop 

products such as the Mumrills-n material which displays 

a very low value for the mean suggesting that it is 

petrologically very homogeneous. 

There are no guidelines as to the value of the 

mean at which a group is deemed inhomogeneous. To 

establish a possible cut off level the 11VBRN11 material 

was looked at, as-this comprises the Qnly reliably 

attested production group in the analysed assemblage. 

As discussed in Section 1 this material derives from a 

single well defined workshop and thus should give an 

indication of the expected homogeneity of a single 

production site or industry product. The mean value is 

0.473 and thus we could establish a tentative and 

approximate cut off point at the 0.500 level, where 

sample groups showing a significantly higher value are 

more likely to derive from a number-of production sites 

than those showing a lower or equivalent value. It 

should be noted that this value will remain tentative 

until many more reliably attested production groups can 

be analysed and compared. 

One factor to bear in mind arises out of the 

sample group numbers. In an ideal analysis the groups 
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should contain approximately the same number of samples 

as small groups tend to have lower values for the mean. 

This is due to the fact that the greater the number of 

samples the greater the natural within sherd variation 

effects which can in cases increase the dearee of 

recorded inhomogeneity. 

Looking at the results for the material studied, 

we can see groups such as the Bar Hill, "CICV11 and 

Mumrf11--q-n showing a low mean value suggesting that 

they are derived from a single workshop or production 

centre. The "EMI" and more strikingly Balmuildv-A 

groups show a very high value for the homogeneity check 

and must be seen as the products of a number of 

production sites or production regimes. 

The analysis is far from perfect as it does not 

take into consideration the nature of the 

inhomogeneity. Factors such as unspecialised production 

or very sporadic/ad hoc production can lead to poorer 

vessel reproducibility and thus a greater degree of 

inhomogeneity. It is however an interesting avenue of 

research and does enable the archaeometrist to make 

general statements as to the basic nature of the 

ceramic production. 

Given the nature of the mortaria 

data the textural analysis was undertaken to answer 

provenance orientated questions as to whether the stamp 
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groups could be defined as discrete textural entities. 

The textural analysis of the site coarse ware groups 

has however shown clearly that the strength of textural 

analysis lies in its ability to provide insights into 

the production site technology rather than its use as 

an independent provenance tool. As work progresses with 

textural analysis it is becoming clear that only with 

very exceptional cases can it function as a useful 

provenance tool (pers. comm. Freestone). 

Even though the goal was provenance orientated the 

decision was made to analyse the mortaria data in this 

case, partly to repay the time expended in acquiring 

the data and partly to see whether any useful 

conclusions could be drawn. 

The logratio transformed data set was analysed 

through Cluster analysis/Discriminant analysis and 

Principal components analysis following the high level 

analysis methodology established in Section 2. The fine 

silt fraction was once again masked from the analysis 

and a group of samples was identified that was too 

biased towards the silt fraction to facilitate 

analysis. These samples once again formed a textural 

grouping by default. 

The cluster analysis solutions are 

presented in tables 5.15-16 where of the eight 

337 



algorithms applied a total of 6 were in agreement as to 

a 29 group solution comprising an almost random sample 

spread. -The remaining Flexible Beta and Wards methods 

identified 3 and 4 group solutions respectively. The 29 

group solution was investigated through Discriminant 

analysis and the resulting scatterplot (fig 5.20) shows 

clearly that the suggested group centroids cluster 

closely with very little clearly defined structure. 

This situation parallels identically that faced in 

Section Three, with the all group inter-site analysis, 

where all bar the Flexible beta, Furthest Neighbour and 

Wards algorithms identified a common 32 group sol ution 

comprising an apparently random sample spread. 

As in Section Three the decision was made to 

concentrate on the 3 and 4 group solutions presented in 

table 5.16. The resulting Discriminant scatterplot from 

the 3 group solution can be seen in figure 5.21 

(details in table 5.17) where the groupings show very 

good spatial definition. Study of the highest group 

membership probabilities identified 4 wrongly assigned 

cases. The final modified 3 group solution is presented 

in table 5.18. 

The Wards solution differed from the Flexible beta 

example in that the algorithm had identified a sub- 

group within the basic 3 group solution and the effect 

of including the 4th group was investigated through a 

further Discriminant analysis run. The resulting 
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scatterplot is shown in figure 5.22 where a large 

degree of overlap can be seen between groups 1 and 4 

suggesting that here the cluster algorithm has 

furnished an over interpretation. We are left then with 

the revised Flexible beta 3 group solution as best 

reflecting the underlying data structure. 

Principal Components Analysis: 

An independent Principal 

components study was undertaken and the resulting 

details are presented in table 5.19 and figures 5.23- 

25. In all of the scatterplots the data points are very 

spread with no clearly defined spatial groupings 

visible to suggest any structure. Inclusion of the 

third principal component does show the Rossington 

Bridge (11SARRIUS11) and Cantley ("VBRN") material as 

closely grouped within the main data spread but sadly 

this material is not differentiated with respect to the 

other sample points. 

It is clear that the analysis has failed 

to illuminate any underlying data structure. We are 

left with the modified 3 group solution and the 

corresponding stamp and form information is given for 

this and the default silt-biased group in table 5.20. 

With the exception of the bulk of Rossington 

bridge "SARRIUS" and all of the Cantley IIVBRN" samples 

none of the archaeological groupings falls within a 

single textural grouping and it is clear that at this 
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level the analysis has failed to differentiate between 

the various groupings. The result compares well with 

that obtained at the inter-site level with the site 

coarse ware groups, and serves to confirm the 

conclusion that textural analysis is a tool that should 

be targetted more towards questions of technology than 

provenance. 

The Mortaria 

aspect of the overall analytical investigation has been 

dogged by a series of setbacks, limiting its 

effectiveness not only as an investigation into the 

nature of suggested local mortaria production, but in 

terms of possible comparisons, looking for possible 

production, sites amongst those defined in Sections 3 

and 4. 

The limited number of stamp and form group samples 

and greatly reduced suite of elemental concentrations 

coupled with a completely revised mode of Petrological 

analysis, resulted in the decision n= to compare the,, 

local coarse ware and mortaria data sets until further 

samples could be adequately analysed. 

Looking at the analytical results it is 

clear that on neither chemical nor petrological grounds 

could the stamp and form groupings be defined as 

discrete and separate entities. This was complicated 
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greatly by the fact that the sample groups analysed by 

the respective techniques were not the same, due to 

externally imposed sampling restrictions. In many cases 

this made, Any- direct results comparisons very complex. 

Chemically, the groups identified were very broad 

and failed to distinguish between such diverse types of 

material as drainage pipe fragments and native sherds 

derived from sites located as far apart as Newstead, in 

the-borders, and sites on the Antonine wall. 'This would 

appear to be a'product of both the reduced elemental 

suite used to study the wares and the generally 

homogeneous nature of the Scottish material analysed as 

a -whole by the research, programme. One interesting 

feature* to, emerge from the chemical analysis was the 

fact that 'the majority of the stamp and form groups 

were chemically homogeneous within their cluster 

groups: 

ItEmi it 
"VBRN" 
"SARRIUS" 

Mumrills-D 
VICICV11 
"INVOMANDUS" 

Inveresk 

It should be noted that this 

group does not include stamp or form groups comprising 

only one sample, such as "BRIGIA11 or "SHELL". This is 

in direct contrast to the group: 
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The samples 

belonging to this group were spread between the broad 

chemical groupings identified by the Cluster analysis. 

If we then combine the Attribute Homogeneity 

results with this data an interesting picture emerges. 

It is clear that, (with the exception of "EMI11) the 

chemically homogeneous stamp and form groupings are 

also those which displayed a low mean distance and 

hence display a good degree of petrological 

homogeneity. In contrast the chemically inhomogeneous 

Balmuildy-A samples also showed petrological 

inhomogeneity through the attributes measured. This 

result lends much needed chemical support to the notion 

that the levels of petrological homogeneity correspond 

to different modes of ceramic production. 

The textural analysis result is the most complex 

as it fails entirely to show any structure that can be 

linked to the stamp and form information, with the 

notable exception of the 11VBRN1' and majority of 

Rossington bridge "SARRIUS" mortaria. The 

chemically/petrologically homogeneous Scottish groups 

discussed above appear to show no textural homogeneity 

whatsoever. This could be due to a very variable and 

generalised production technology employed in the 

manufacture of the mortaria (which is not supported by 

the other evidence) or more likely a product of the 

method and its poor performance in provenance terms. 
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This can only be answered by further analyses. 

The technique of Attribute analysis, as a first 

stage analytical tool, failed to produce any clear 

refined petrological groupings but this is not 

surprising given the generally homogeneous nature of 

the Scottish material revealed in Sections 3 and 4, 

coupled with the restrictions in precision inherent in 

the method itself. In data processing terms the Multi- 

Dimensional Scaling suffered greatly from complexities 

associated with the scatterplot output medium. The 

normal objective interpretation problems encountered 

with the Principal Components output were further 

complicated by the data distortions which lead to 

blurring and smearing effects which made the output 

very hard to interpret. 

The weighting option, although at first glance 

attractive, needs more guidelines in the establishment 

of representative weighting factors before it can be 

applied with confidence in an objective fashion. The 

most useful facet of the analysis was the within group 

homogeneity check which can give an important insight 

into the basic nature of the ceramic production. 

In conclusion it is clear that a great deal more 

work must be undertaken on the questions posed by the 

suggested local mortaria groupings, primarily 

concentrating on what we perceive stamp groupings to 

represent in technological terms. The work undertaken 
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here has not been able to clearly define stamp and form 

groupings but has suggested ways in which we may gain 

important insights into their modes of manufacture. 
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Detailed conclusions and 

discussions have been presented within all of the 

Sections of the thesis. The purpose of this Section is 

firstly to summarise the main points arising from the 

analytical work, with the conclusions arising from each 

of the Sections presented in point form for the sake of 

clarity. The second chapter is an attempt to feed the 

results of the analyses back into the archaeology, in 

an attempt to modify our basic understanding of ceramic 

supply and production. The final chapter presents a 

selection of suggestions for further work, arising out 

of the analyses undertaken as part of the project. 
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By combining a chemical and petrological, 

analysis the two main facets of the material under 

study (a clay based ceramic), the plastic and non- 

plastic fractions, were analysed. This enables a much 

fuller description to be furnished than any single 

method alone and thus a more reliable analytical 

fingerprint can be assigned. Coupled with this, if the 

aim is to maximise the usefulness and archaeological 

applicability of a set of analytically derived results 

you must maximise the overall objectivity of the 

statistical analyses you employ. In situations where 

the groups of material under study are very poorly 

defined, such an approach is crucial, but should 

ultimately be the goal of even the most routine of 

analyses. 

The following points arose from the study of the 

analytical techniques and data processing 

methodologies: 

j-,. The normality of the elemental distributions 

must be studied and-elements showing a high degree of 

distortion away from the normal form must be removed 

from any subsequent statistical analyses. This is 
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assessed on the basis of Skewness and Kurtosis values 

and the variant range advocated by Pollard (Pollard 

82). No improvement to the normality of the elemental 

distributions was noted through the application of log 

based transformations. 

2, An assessment of sample homogeneity is crucial 

to any chemical study, and the Coefficient of Variation 

represents the soundest mathematical method for 

quantifying the observed concentration spreads. As an 

aid to the identification of inhomogeneous, elements a 

cut off level of 15% was established for the 

coefficient on the basis of accepted levels of natural 

variation within a clay outcrop. 

In terms-of sampling for homogeneity, the practice 

of taking sample pairs from a small number of 

postulated group sherds tends to generate inconclusive 

and potentially misleading data, and should be replaced 

by at least four samples from each sherd, sampling as 

many sherds as possible. This option has been made more 

viable by the increasing cost effectiveness of Neutron 

Activation Analysis. 

3, Correlation effects should be carefully 

monitored as verv highly correlated data can-'render 

subsequent statistical analyses invalid. 
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A., Looking in terms of Cluster analysis, 

throughout the duration of the analytical program, no 

single cluster algorithm produced a satisfactory data 

summary. This includes Wards algorithm which repeatedly 

failed to identify clearly defined outlier samples at 

the expense of artificially created structure, ie. 

artificial groupings. The most effective approach is 

through the application of a number of separate 

algorithms, bearing in mind their specific biases, and 

using observed areas of agreement and disagreement 

within the result sets to enhance the quality of the 

final interpretation. 

5., Given that the dendrogram is a distorted two 

dimensional representation of a very complex multi- 

dimensional situation, it is crucial that the cut-off 

level, orý significant number of clusters, is 

established as objectively as possible. The most 

effective method to achieve this is through the 

combined use of breaking or "stepping" graphs and 

mathematical stopping rules. 

The technique of Principal Components (or 

Principal factor) analysis provided an independent data 

simplification technique whose results were combined 

with those of the Cluster analysis to identify areas of 

agreement upon which to base the final interpretations. 
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: L,,. As an alternative to Cluster or Principal 

Components analysis, Discriminant analysis is a much 

less- reliable tool as it firstly requires group 

membership to be established bpfnrp the analysis and 

secondly suffers an unknown degree of distortion when 

dealing with strictly non-normal data sets. The real 

use of the technique comes when it is used in 

conjunction with more objective methods of analyses and 

its use should be limited to these combined 

applications. 

J,. Looking at the petrological methodology it is 

clear that for any analysis to be useful, it must be 

fully reproducible. To achieve this end the standard 

British Museum Research Laboratory system was adhered 

to for all analyses. 

Textural analysis is a powerful tool for the 

study of areas dominated by featureless quartz 

mineralogy and yields a set of data which is amenable 

to statistical handling, the Grain Size Distribution. 

, JJLý The only practical problem encountered with 

the measurement of grain sizes came with the 

establishment of a minimum cut-off level, ie. the 

smallesý grain size to be consistently measured. As 
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this is very hard to judge visibly, a 30 micron cut off 

was applied to the resulting data set to prevent any 

distortions that may have been introduced through 

sampling bias. 

11,, The -traditional methods for the statistical 

handling of textural data proved to be far from 

satisfactory. ý- The plotting of graphical moments is 

statistically dubious and Kolmogorov Smirnoff testing 

is both hard, to interpret and almost impossible to 

apply objectively, as it is necessary to establish an 

arbitrary level of significance to begin the analysis 

and to rearrange the resulting matrix to furnish an 

interpretation. A further limitation was that both 

methods lacked precision. 

.ý 12, 
_ 

The Grain Size Distribution is a 

compositional data set -which is statistically 

unsuitable for multivariate analyses in its raw form. 

To overcome this limitation the data was transformed 

using the Logratio transformation proposed by 

Aithchison. This enabled the- analytical methodology 

advocated in Section 2 to be applied to the textural 

data. This represented the first application of the 

technique in the analysis of ancient pottery, previous- 

applications being confined to the analysis of glass. 

13, 
- Comparative analyses of both the transformed 

data and the raw textural data were undertaken using 
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multivariate statistical techniques. The transformed. 

(and statistically valid) data set yielded results 

which were both more reliable and reproducible than the 

raw data set, thus enabling objective interpretations 

to be undertaken through a process of result 

comparison. 

It should be noted however that in a number of 

cases the analysis of the transformed data did tend to 

base its simplifications upon a limited number of 

variables, a phenomenon noted by other researchers. 

in summary the work 

undertaken in this Section of the thesis enabled a 

model to be established for the routine, objective, 

analysis of ceramic data. For data simplifications to 

be reliable a series of-techniques should be used in a 

structured manner to provide areas of agreement and 

disagreement upon which to base any final data 

interpretations. 

There is no single "best" or "correct" method or 

sub-method algorithm and it must be emphasised that it 

is only through a process of independent assessment and 

result comparison that reliable inferences can be drawn 

regarding past systems. 

The purpose of this Section of the 

thesis was to apply the analytical methodology 
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advocated in Section 2 to the site derived data. This 

was undertaken at two levels, intra site and then inter 

site: 

TNTM STTR ANALYSIS 

1-4-, At the intra site level the application of the 

basic analytical model enabled the existing site "ware" 

groups to be verified in the first instance and refined 

and modified in the second, through the identification 

of outlying material. 

1.5-, The 

dramatically. 

Inveresk the 

homogeneous, 

Duntocher the 

quality of the ware groups va4ed 

At the sites of Bearsden, Cramond and 

core groups thus identified were very 

whereas at Bar Hill, Croy Hill and 

groups defined were much less cohesive. 

2-6, At this level of analysis the results of the 

textural assessment were crucial in determining the 

basic nature of the production. On the technological 

level, with the exception of Bar Hill, none of the 

sites showed any evidence for the addition of a temper 

yet all displayed clear signs of clay preparation. 

Where, form-, information was available the textural 

analysis was, able to highlight two variant modes of 

production, one specialised (as seen at Inveresk) and 

one undifferentiated (as typified by Croy Hill). 
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23-. 
- At the inter site level the results were less 

clear cut, with a high degree of both chemical and 

petrological homogeneity in evidence across the midland 

Valley zone. 

21, In chemical terms definition was less than 

perfect although -it was possible to define the Croy 

Hill and Duntocher material along with two component 

groups comprising the Bar Hill+Bearsden samples, and 

the Cramond+Inveresk samples. 

12., In the case of the Bar Hill and Bearsden 

material the result did not indicate a shared 

production or raw material source as petrologically and 

macroscopically the two wares were clearly distinct. 

This result reflects more the high degree of chemical 

uniformity seen in the clays of the region. 

a, In contrast to this the Cramond and Inveresk 

material showed very close links in both petrological 

and macroscopic terms and must be interpreted in terms 

of a shared production source. 

, 2jL, This result serves to stress the importance of 

a multi-method approach as taken alone the chemical or 
petrological data could have led to a misleading 

interpretation being drawn. 
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22,,, As was stated the petrology of the site wares 

was in general very uniform, with the main inclusion 

constituents clearly diagnostic of the geology of the 

Midland Valley, ie. Sandstones and Shales and Igneous 

rock' fragments. The major mineral component of the 

sherds was however quartz, with the more diagnostic 

minerals rarely appearing at greater than the rare to 

occasional level in a given sherd. 

21_, 
_ 

Although the validity of textural analysis 

cannot be doubted at the intra site level it did not 

perform at all well at the inter or "provenance" 

orientated level of analysis. This may have been due to 

the fact that we were looking at quartz fractions 

which, given the lack of evidence for sand tempering, 

would have been natural or preparation modified 

natural, and would thus have been largely homogeneous 

across the wall zone. What is clear is that the 

ambiguity of the derived results and the overall 

failure to support the petrological analysis must bring 

into question the applicability of the technique as a 

tool for provenance study. 

To summarise, given a series 

of samples reputed to belong to "groups" defined on the 

basis of a varied set of criteria, the analysis very 

successfully identified and refined a set of core site 

ware groupings. By careful study of the form and fabric 

information, statements as to the technology employed 
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in each case could be made along with broader 

conclusions regarding the mode of production employed. 

This represented one of the key sections 

of the thesis as the evidence for local production wasD 

analysed, and a new variation upon techniques for 

characterising raw materials was assessed, daub 

analysis. 

2AL Local production was defined at two levels, 

the MACRO scale, indicating production within modern 

Scotland, and the MICRO scale indicating production on 

or adjacent to the site of discovery. 

The factors seen as indicative of local 

production can be defined, and range from the presence 

of a kiln through to peculiarities in form and 

decoration. Taken alone these factors are of limited 

help in assigning a production source, even relatively 

provenance geared techniques such as petrographic 

analysis rarely get beyond the Macro scale. It is only 

through a combination of such factors that statements 

can be made as to the desired Micro level of source 

assignation. In terms of the Scottish material the 

sites varied widely in the quality of their source 

indicative material. 

2fL,. To supplement the existing criteria an attempt 
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was made to chemically characterise, and petrologically 

define the wares with respect to the site local clay 

sources exploited in antiquity. This was achieved 

through the analysis of site daub samples. 

22, 
_ The rationale for the analysis of daub was on 

the basis that it derives from clay sources we know 

were exploited by the Romans, have suffered the same 

site level post-depositional changes and are local to 

the site, ie. would not have been traded. 

ZEL Tests were undertaken to ascertain the 

"appropriateness" of the daub for comparative analysis 

through a test firing and careful petrological study of 

the non-plastic fraction. 

29. The samples showed no evidence for any 

chemical change upon firing and the petrological 

inclusion monitor showed a generally common set of 

shared inclusions between the daub, and pottery samples. 

XL The results of the comparative analysis were 

limited by the small sample sizes which precluded any 

detailed multivariate statistics, but graphical 

scatterplots of the most discriminating and mutually 

homogeneous elements yielded encouraging results. The 

results were both positive and negative stressing the 

importance of the technique as a further tool in our 

efforts to address the problems of provenance. 
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In summary the 

final results of the assessment showed that were good 

archaeological and analytical grounds to accept all of 

the ware groups as local to the sites of discovery,, ', 

with the exception of the Cramond ware which was 

undoubtedly a 'product of the kilns and potters at 

Inveresk. I 

Although originally intended to form a 

strong, supplementary comparative analysis to the site 

ware study, a series of setbacks reduced the validity 

(and inter-comparability) of the Mortaria analyses to 

such a level it was only possible to study it as a 

separate entity. Nevertheless the analysis finally 

undertaken did yield some interesting results: 

. U-.. To cope with the problems of time and 

objectivity that arise with traditional petrological 

classification techniques (ie. a procedure of repeated 

visual comparison) when faced with large data sets the 

technique of Attribute analysis was applied. This 

represented the first practical application of the 

technique to a very large archaeological data set. 

32,,. The technique facilitated the petrological 

definition of a sample of over one hundred thin 

sections both very quickly and objectively, through 
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repeated reference to predefined standards. 

. U, To analyses the data produced by the method 

the familiar technique of Cluster Analysis was 

supplemented with a further multivariate technique, 

Multi-Dimensional Scaling. 

Neither method proved entirely satisfactory, with 

the Cluster analysis suffering from a progressive 

blurring and smearing of distinctions induced by the 

relative crudity of the data set, and the Multi- 

Dimensional Scaling by the fact that the scaling is 

non-metric and not proportional, which induces inherent 

distortions which lead to poor spatial separation of 

the analysed samples. 

3A_, These effects can be seen in the fact that the 

final results of the Attribute analysis failed to 

identify any structure within the data set on the basis 

of the five petrological attributes measured. Samples 

were seen to group together but all were encapsulated 

within an amorphous overall spread. 

. U, One further facet of Attribute analysis that 

was investigated was the option that is present to 

weigh certain variables to stress their relative 

importance in a given analytical run. The application 

of this option requires a very high degree of caution 

if an analysis is to retain its objectivity and it was 
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felt that such alternatives were best avoided. 

3_6_, The most productive use of Attribute analysis 

came in the study of the petrological homogeneity of 

the Stamp and form groupings previously defined. The 

degree of spread was used to assess the likelihood of a 

given group originating from a single 

potter/kiln/workshop or a group (ie. not a discrete 

grouping or traditional ware at all). To facilitate 

this study a cut off level was established from the 

study of a very reliably defined reference kiln group 

originating from the North of England. 

.U, The single stamp and form groupings were all 

homogeneous with the exception of the Balmuildy A form 

group, which suggests that this material, far from 

being the product of a small workshop servicing the 

fort only, derives from a number of sites or represents 

an incredibly erratic mode of manufacture. 

The result did serve to confirm the existing 

interpretation of the remaining sites as individual 

workshops operating with limited markets on and around 

the Antonine Wall. 

3-EL, The full textural analysis undertaken on the 

entirety of the sample assemblage failed to produce a 

coherent set of results which serves to stress neatly 

the limitations of the technique at the provenance 

level of analysis. 
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. U,. The results of the chemical analysis showed a 

remarkable lack of differentiation between the analysed 

samples, with material as diverse as pipe and tile 

fragments originating from spatially different sites 

being lumped in with mortaria, in broad chemical 

groupings. This could be the result of the general 

homogeneity of the clays seen across the wall zone or 

as a product of the reduced elemental suite used to 

examine the material. The real reason probably lies 

with a combination of the two factors. 

To summarise, the techniques were unable 

to define the various stamp and form groupings with 

respect to one another. This should not be taken as 

indicative of a single production source but is more a 

reflection of the analytical limitations imposed upon 

this portion of the study which was enhanced by the 

generally high observed levels of regional homogeneity. 

The application of the new technique of Attribute 

analysis failed to petrologically define any clear 

fabrics, and it is clear that until new techniques can 

be developed for the undistorted analysis of the data 

thus produced, we must resort to a full petrological 

study to illuminate any data structure. The results did 

however prove useful in shedding light upon the nature 

of the ware production and the "reality" of the 

groupings, on the basis of an assessment of the ware 
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homogeneity. 

To conclude, the analyses have 

answered the basic question posed by the analytical 

project. The groups defined as local have been 

characterised chemically and petrologically and their 

source of manufacture has been fixed, with one 

exception, to the site of discovery. The poor quality 

of the initial data set and the general high levels of 

between group homogeneity led to the necessity of 

applying several new, data analytical methods as well as 

rethinking the basic application of the more 

established methods. 

The result is the introduction into the analytical 

field, of techniques such as I'multivariate friendly" 

textural analysis and daub analysis, that will 

hopefully be applied and assessed in other analytical 

contexts. These are alongside a practical methodology 

aimed at objectifying all of our archaeometrical 

analyses. 

A set 

of five mechanisms has been proposed to describe the 

basic nature of ceramic'supply and acquisition to the 

advancing army (Greene 79): 
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The first sees a native potter resident upon an 

estate changing the product range, both to satisfy the 

evolving tastes of the owner and to facilitate easier 

sale. 

2, The same native potter could be resident upon 

an estate purchased by the army and thus compelled to 

change the product range to fulfil ceramic 

requirements. 

3L, Military quartermasters or "Negotiators" could 

make arrangements with potters, either directly or 

through their owners and patrons, to buy specific 

classes of, vessel. 

Freemen potters could move their entire base of 

operation up to new locations and adapt their product 

range to exploit the new consumers. 

. 11 'a, If not freemen the-potters could be ordered to 

fulfil the criteria outlined-in point four. 

The results of 

the analysis of the Antonine local wares enables the 

list of mechanisms to be modified. As the area was 

essentially aceramic in nature coupled with the fact 

that we do not see any evidence for native influence 

appearing in the observed range of local forms, we can 

remove any factors involving "native" potters from the 

list of possibilities. The fact that local production 
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was underway at a series of sites on the wall adds to 

the list the further possibility of some form of 

military production, resulting in the modified 

situation given below: 

1. Military Negotiators could be in action. 

2. Potters could move up to the frontier zone. 

3. The army could initiate production of its own 
accord. 

Looking at the 

evidence from the wall forts we know that civilian 

potters from the romanised portions of the province did 

"sell" to the army in relatively large quantities. This 

is best illustrated by the Black Burnished ware 

phenomenon. What we are-unclear of is how the pottery 

was actually procured from the workshops, was it 

purchased on an open market, at a fixed price or as a 

form of-taxation or levy. Once purchased we do not know 

whether the pottery would have been issued- free of 

charge to the soldiers or, as is the case with the 

majority of their equipment, would they have been 

expected to pay for it. 

The original view of military supply to the 

frontier was one of formal army contracts placed 

directly with workshops-(Webster 72) and this mechanism 

of supply was thought to have been responsible for 

bringing Severn valley ware imports to the Northern 
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0 
garrisons. Recent studies of the excavated assemblages 

however does not support this interpretation as the 

bulk of material reflects quite a different system. At 

the site of Bearsden for example, the assemblage 

contains -Black Burnished 1 wares from Rossington 

bridge, Black Burnished 2 wares from Colchester, Samian 

from Gaul and imports from the Severn valley, along 

with many other lesser imported ware groups. Breeze has 

argued strongly that in the case of the direct order 

system advocated by Webster, you would see the 

products of perhaps one or two kilns dominating an 

assemblage rather than the observed situation where we 

see the products of a large number of kilns (Breeze 

77). Instead the evidence-is more in keeping with the 

notion-of a travelling salesman or "Negotiator" system, 

with the make up of the assemblage reflecting the areas 

in which the Negotiator was operating. 

What we do not know is the level at which such a 

system functioned, was it for the frontier zone as a 

whole or did it cater for the specific requirements of 

individual units and installations? It is hard to see 

small-detachments (like those stationed at Duntocher or 

Croy Hill)-justifying, the appointment of a full time 

Negotiatorý The situation-is further complicated by the 

fact that we do not know how important pottery would 

have beený within the wider spectrum of supply. Was it 

to the Negotiator simply a single entry on a very long 
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shopping-list, which prompts the question how far down 

the list would it have come, or did it form the primary 

goal of specific trading excursions. 

Two other factors have to born in mind with the 

Negotiator system: 

1. If the Negotiators were working on a more 

genera 1 level, ie. not catering for specific unit 

tastes, then how was the pottery distributed once it 

arrived at the frontier? 

- 2. ý How was the pottery brought to the -frontier 

zone? Did the Negotiators responsibility end with the 

signing of a contract or would they have been 

responsible for overseeing the actual shipping of the 

purchased wares? 

Given the very high 

costs of the overland'shipment of pottery, in terms of 

time and breakage rate, we must see the trade to the 

frontier in terms of sea'transportation. This is nicely 

illustrated by the Black Burnished wares which display 

a progressive fall off from the wall terminal forts 

suggesting that they'initially, arrived on the wall at 

the Forth and Clyde estuaries. This gradual fall off 

suggests-that the wares were distributed along the wall 

from fort to fort until the supplies were exhausted 

rather than specific components of the shipped 

assemblages being taken to specific forts on the line. 
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The importance of this will be discussed shortly. This 

example also goes a long way towards answering the 

question as to how the distribution of the pottery was 

administered once it arrived on the frontier. Coupled 

with the evidence from the terminal fort of Old 

Kilpatrick, where excavation has revealed evidence for 

" pottery supply reservoir, this suggests strongly that 

" system of controlled distribution away from the 

points of unloading was being organised by the army. 

Army supply is commonly expressed in terms of 

direct Negotiator-potter interaction, but instead it 

would be better to view the pottery as part of the 

larger sphere of trade, with the wares purchased or 

extorted being shipped up to the frontier alongside 

grain or textiles. Given the low status of the coarse 

ware vessels traded, we could then postulate a system 

of trade whereby pottery is included as a secondary 

trade item in the form of a ballast. Recent work by 

McGrail has however pointed out that in general pottery 

makes a very ineffective ballast and should be seen 

more as a filler, ie. padding out the gaps in the holds 

during the shipment of other cargoes (McGrail 89). If 

this is the case then it suggests a rather 

unpredictable, unstructured system of ceramic supply, 

with consistent large scale shipments of pottery an 

infrequent occurrence. 

The evidence to support this notion of erratic 
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supply as regards the coarse wares found on the sites 

falls into two areas: 

1. The presence, of locally produced pottery on a 

series of sites, which given the attested reluctance of 

the army to engage in potting suggests that there was 

some inadequacy in the existing system of supply. 

2. The presence of rivet repaired coarse ware 

vessels on a number of the wall sites. I 

The fact that we now know that local 

pottery was being produced on the sites, frequently in 

forms directly copying those of imports found within 

the -overall assemblages, suggests that the system of 

supply was not regular or predictable. Fuither evidence 

comes from the observed practice of coarse ware 

breakage repair. At the-site 
of, Bearsden for example 

there is a Black Burnished ware dish showing extensive 

evidence for rivet repair. The lead rivetting of broken 

vessels is a practice usually reserved for higher 

status fine ware forms such as Samian (Marsh 81), yet 

the frontier repairs are to very low status cooking 

vessels. To find it on such an everyday vessel implies 

that the vessel was deemed worth repairing, ie. was 

seen as very hard to, replace and accordingly was 

assigned a higher status., -- 

As well as providing us with evidence as to the 

nature of supply, the production sites from the wall 
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also give us an indication as to the level at which the 

Negotiators were functioning. As discussed the site 

local assemblages contained a large number of import 

copy forms, but the majority of the sites also produced 

very site specific forms not present in the assemblages 

as imports, such as the Bar Hill Red African forms and 

the Bearsden large flanged bowls. This supports the 

evidence from the distribution of the Black Burnished 

wares in suggesting that supply was organised at the 

broader frontier or full, unit level rather than to 

cater for the. specific tastes of single installation 

detachments. in short the Negotiators were functioning 

to cater for the overall wall garrison requirements and 

not specific unit requirements. 

This brings us onto the reasons why supply appears 

to have been poor. Breeze attributes the breakdown of 

pottery supplies as due to an unavoidable delay phase 

while new systems became. established and the 

negotiators caught up with the advancing army. This may 

well have had a very short term effect, but evidence 

against this interpretation can be found within the 

assemblage from the site of Bearsden. Here it was found 

that at the time of-desertion, at the end of the 

Antonine I period, the local pottery- comprised just 

under 50% of the total, assemblage (as opposed to 30% 

during the earlier occupation). This increasing 

reliance on the local pottery after approximately 
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fifteen years of occupation suggests that the problems 

in supply were not due to such initial short term 

phenomenon, but the result of much more long term or 

permanent factors. As discussed, one of these factors 

is concerned with the mechanics of profitably shipping 

the material whereby if pottery simply served as a hold 

filler, rather than a principal cargo or large scale 

ballast material, supply would always be at best 

unpredictable. 

The next question that must be answered is that of 

3&Q was making the local pottery at the wall sites 

analysed. Though it could be possible, through the 

methods of analysis employed, to determine the 

approximate size of the hand of a potter adding a sand 

temper to a given vessel in an assemblage it is 

impossible in analytical terms to determine whether the 

hand belonged to a freeman or a slave. In this 

discussion the question of who? has been addressed in 

terms of 

MILITARY - Meaning an individual working directly 

for the army, whether as a slave, or a soldier. 

CIVILIAN - Covering all forms of individual 

independent of the army, whether a free workshop 

foreman or a slave owned by that foreman. 

The, analyses identified two basic 
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modes of production in operation, specialised, where 

the fabric technology, was modified according to changes 

in vessel form and function, and unspecialised, where a 

saturation technology was employed with a single fabric 

used to manufacture the complete range of vessels. In 

terms of whether the production was in the hands of the 

military or civilians we must look to evidence beyond 

the analytical results. 

At the-sites of Bar Hill and Duntocher, the 

excavated kilns were within the primary fort defences 

in the first case and an-industrial annexe, with *no 

evidence for civilian activity,, in-the second. Neither 

site shows any evidence for any form of associated 

civilian activity and this suggests strongly that in 

these cases control was firmly-in the hands of the 

military. At Bearsden the evidence is less decisive, 

with the presence of forms with no contemporary 

parallels strongly suggestive of a potter working 

outside of contemporary traditions rather than 

embracing them, as would be expected in the case of a 

commercial potter. The situation is however complicated 

by the presence of certain forms "similar" to those 

produced at the site of Rossington Bridge and evidence 

for a civilian presence. which makes any attribution of 

potting activity to military sources more tenuous. 

At the remaining sitesýthere, is little evidence to 

support a military based interpretation. At Croy Hill 
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the excavated kiln was found within the associated 

civilian settlement while at Inveresk the majority of 

local ware and waster finds came from excavations well 

within the fort vicus. Of the two site local 

assemblages, only Inveresk showed any contemporary - 

potting parallels with close links in terms of form and 

vessel finish to the-products of kilns in the Severn 

valley. This suggests strongly that, at this site, 

production was in civilian hands. The picture at Croy 

Hill' is complicated by the fact that in terms of 

anachronistical form traits and the unspecialised 

nature of the production mode employed, it is hard to 

see the ware as the product of a commercial potter. As 

with Bearsden more evidence must be produced before we 

can assign production to one of the two source groups. 

one possibility, given the high degree of basic fabric 

technology similarities and large number of shared form 

characteristics between the sites of Bearsden and Croy 

Hill, would be the possibility of seasonal nomadic 

potting, with civilian potters moving between the forts 

as demand dictated., As discussed by Willems, kilns are 

relatively simple constructions that can be rapidly 

erected, and the tools required by a potter, are compact 

enough to be easily carried byýa single individual. 

Such a mode of production would leave little in the way 

of permanent tracesýand would give rise to products 

which are generally similar though influenced by the 
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specific tastes of the site at hand. Several factors 

argue against this,, principally the fact that some 

shared form types between the sites show important 

differences (eg. the treatment of the bases on the 

Belgic form dishes) which can only be interpreted in 

terms, of separate potters aiming to produce the same 

basic form. A furtherýargument against such a system 

comes from the sites like Bar! Hill where production is 

undoubtedly military. . 1, Whyc should the site have to 

produce its own pottery if there was a possibility of 

exploiting some formýof-civilian production however 

transient? It is however an interesting possibility 

that has to be born in, mind. 

ý The evidence seems to suggest that only in the 

case of Inveresk can, we attach civilian production to 

the frontier zone. Theýfact that a large number of 

civilian potters did not-: simply move up to the frontier 

zone and tap the'marketdirectly, isý interesting. one 

factor that could have! had'an important effect here is 

that of hostility, with civilian potters very reluctant 

to move entire operationsý. into a volatile war zone. 

This factor was cited by Darling-as the prime mover in 

the army having to resort to potting at the sites of 

Wroxeter and Usk (Darling 77), and was undoubtedly an 

important factor in, theý-establishment of military 

production at the sites, of Inchtuthil and Elginhaugh in 

Flavian Scotland. 
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The evidence to support., such an interpretation 

comes from two sources,; our knowledge of the native 

population at the time of the conquest and of the 

garrisons and fort layouts of, the frontier zone. 

our picture of the native population at the time 

of conquest is one of a dense pattern of habitation, 

exploiting pasture lands across the wall zone and the 

rich agricultural soils of the eastern coastal region. 

With the establishment of'the Antonine wall we have the 

introduction of a large alien population coupled with 

the erection of an impressive barrier that did not 

respect existing tribalý boundaries. There is also 

evidence from sites such as Camelon and Croy Hill of a 

displacement by the Army of native populations living 

in the vicinity of the forts. Linked to this we have 

the enormous relative size of-the, initial wall garrison 

and evidence from individual forts, such as Bar Hill, 

of features such as heavily defended bath-houses. This 

evidence argues strongly for some degree of hostility 

in the frontier zone, and researchers have concluded 

that in the period of, initial establishment some degree 

of loca1hostility would have had'to have been overcome 

(Hanson and Maxwell 83). There is, however, little 

archaeological evidence- to support any notion of 

permanent unrest and hostility in the, lowlands' of 

Scotland and, although certain Bath suites are well 

defended, they are primary to the forts and thus 

374 



represent a response to a perceived threat rather than 

actual hostility. The fact that the wall garrison was 

greatly reduced at the time when forts like Bearsden 

were most reliant on locally produced wares suggests 

that other factors in the long term were responsible 

for keeping the established potters away from the 

frontier zone. 

Although we have established that civilian potters 

"sold" in very large-quantities to the army it would be 

rash to assume that production was geared around 

military demand. Even-in the case of the Black 

Burnished ware industries, the military markets of the 

North, were responsible for only a very small part of 

the total kiln output, (Greene 79). The majority of the 

-produced vessel range went towards supplying the 

enormous demand generated by the, civilian sites and 

towns in the immediate vicinity of the kilns. We may be 

suffering from distortion, effects induced by an 

archaeological bias towards the military sites at the 

expense of less obvious civilian areas, it is worth 

remembering that the army, were not the only ceramic 

consumers in the province, giving rise to a false 

emphasis on the military aspect of certain ware 

consumption. This, may explain why, many potters did not 

simply ýabandon their original operations and move 

straight up to the Northern frontier. 

If- we look atýthe wall itself, the majority of 
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forts were designed to hold a detachment of troops and 

it, is unlikely that this size of garrison would have 

generated enough of a demand to keep a single kiln 

productive through a single season let alone support a 

workshop---on even a semi permanent commercial basis. 

Even if we assume a very high, breakage rate amongst the 

vessels in use at a-given fort we could still only 

justify the firing of perhaps two or three kiln batches 

to fulfil the fort requirements. 

Even at the large sites such'as Mumrills, given 

the nature of the local ware assemblages studied, a 

single kiln operating on a seasonal basis would have 

been more than capable of catering for the large part 

of the forts local-ware needs. Viewed as a single 

entity the demands of the wall would have been great, 

but at the individual site level the demand would have 

been very small in commercial terms. 

The only sites that would have generated anything 

like the demand needed to maintain commercial potting, 

ie. as the principal source of individual incomei would 

have been those with extensive civilian settlements, 

such as'Inveresk, Cramond and Carriden. In these cases 

the civilian consumption requirements would have 

greatly supplemented the basic demands of the soldiers. 

Therefore rather-than viewing the lack of large 

scale potter migration as the result of hostility and 

unpredictability on the frontier, we should be looking 
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in more fundamental economic terms, with the wall zone 

simply not creating enough of a nnheqjve consumption 

stimulus to prompt relocation. 

Looking in terms of the scale of production at the 

sites analysed we see at Bearsden, where control is 

most likely in military hands, the presence as 

discussed of rivet repaired coarse ware forms. If local 

pottery is being produced to supplement an erratic 

source of imports why are we seeing coarse forms still 

being repaired? This suggests that we are dealing with 

a small scale seasonal production mode, which would fit 

in with the notion of a very limited garrison demand, 

with a wide range of forms produced as an attempt to 

make up for shortages in the fine and coarse ware 

supply and to, provide the garrison with specific forms 

not part of the supply package. What we do not know is 

whether production would have been initiated on a 

regular seasonal basis or only when demand became 

pressing. 

This may account for the. low technological quality 

of the suggested military-produced wares, in particular 

regarding the fine ware copies, 'as Orton identified two 

of the most important. 
-, 
factors-., for innovation and 

improvement as:, 

1. The need to compete with other sources. 

2. ' The need to'ultimately-expand the level of 
production. 

In the case of 
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military production these factors would not have been 

important, if anything actively avoided by the army. 

At the site of Inveresk the scale of operation 

appears to be larger as here we see the =1_v- evidence 

for a local ware being traded beyond the boundaries of 

its production site. It is clear that in this case the 

producer was exploiting the large civilian settlements 

associated with the forts of Cramond and Inveresk as 

well as the large fort garrisons themselves. 

If we look at the form range we see apparent 

speciality wares such. as1the flagons and much higher 

quality coarse ware copies than seen at the other 

production sites, and here we could be seeing 

production being undertaken not only to supplement 

imports - but to actively compete with them, in 

particular the Severn valley wares. 

If we attempt to equate., these observed production 

levels with the levels established by Peacock (table 

6.1), we see at the forts: a situation, although grouped 

by default into the military-production category, 

closely paralleling the simplest "Household" production 

schemes where the pottery. is manufactured solely for 

unit consumption, with no attempt to produce a 

tradeable surplus.,, This-is in, direct contrast to the 

situation at Inveresk where we are clearly dealing with 

production more at the individual workshop level, with 
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potting undertaken as the primary economic activity. 

What- we are not seeing is any form of organised 

"industry" or I'manufactory" system in operation in the 

wall zone, either military in nature or civilian. 

Production in Antonine Scotland should be regarded as 

very small scale, and generally supportive in nature, 

supplementing an unpredictably supplied range of 

imports. 

To summarise, the analysis of the coarse wares,,,. 

originating from sitesý on and around the Antonine 

frontier has enabled us to refine greatly our existing 

interpretations of ceramic-production and acquisition. 

We can identify an erratic supply of imports as the 

stimulus for local production, with the strength of the 

perceived market dictating the nature of production, 

either, very small scale and variable in the case of the 

military producers or well developed in the case of 

Inveresk, well sited to exploit, the large civilian 

population of the Eastern terminal region. 

The analysis of the mortaria samples has had 

little, impact upon the 'interpretations tendered by 

Hartley in her original'article (Hartley 76). The only 

positive result has been to confirm, on the basis of 

petrological attributes, the interpretation of the 

majority of the groups as deriving from well defined 

small scale production sources with very limited 

service areas. Placing this into the broader coarse 
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ware context it parallels neatly the situation 

observed for the majority of local coarse wares in 

terms of the scale of operation. What is strange is 

that- the main production zone for mortaria is located 

to the West, whereas for the commercial coarse wares it 

is to the East. You would expect high levels of both 

technological and- resourceýoverlap between the two 

forms of potting yet there is no evidence at all for 

mortaria production at Inveresk. This may be a result 

of the specialised nature of mortaria production but 

seems strange in that apparently military production 

sites such as Bar Hill were more than willing to try 

their hand, albeit with limited success, at the 

production of mortaria., It is clear that much more 

large scale analysis must be undertaken on the mortaria 

samples before this apparent dichotomy can be resolved. 

In conclusion, the analyses have opened up some 

interesting possibilities forý improving our 

interpretations of ceramic production and supply in the 

frontier zone,, sheddinglight not only at the specific 

site level but toýthe broader sphere of ceramic studies 

in the province as a whole. 
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The analyses undertaken 

revealed many inadequacies in a number of the 

assumptions we regularly make, regarding the behaviour 

of the basic raw material under study, namely clay. It 

is clear that in the context of the Midland Valley it 

would be desirable to initiate a full scale project to 

establish the, level of variation in terms of chemical 

and petrological properties both within and between the 

boulder and raised beachýclays that characterise the 

frontier region. This would improve not only our 

technological understanding of the wares produced but 

would help to answer questions as to why, for example, 

production around the Eastern terminal favoured 

Inveresk and not Cramond-or Carriden, questions which 

areý undoubtedly linked to the precise nature and 

quality of the immediate raw materials. 

Looking beyond the frontier and into the wider 

field of ceramic analysis, questions as to the expected 

variation in natural non-plas tics within clay outcrops 

need to be defined as do those regarding such 

phenomenon as post depositional changes to buried 

potsherds, both of which would help to improve our 

attempts at comparative raw material analysis. 

As the levels of available statistical analysis 

become more and more precise and the potential of 
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computer modelling and data compensation (for example 

to compensate in a raw clay for effects seen in pot 

sherds such as sub-soil leeching) becomes more readily 

available it is time for a large scale reappraisal of 

some of the fundamental assumptions upon which we base 

our existing modes of ceramic analysis. 

Moving back to the work undertaken in 

the thesis, it was always clear that the new techniques 

introduced through the research were being applied to 

very small assemblages of very complex material, which 

was far from ideal for the evaluation of a technique. 

The obvious next stage is to apply the new techniques 

within the framework of, the analytical methodology, to 

a single site, examining as large a-sample population 

as possible. This is both to thoroughly., characterise 

the ware in terms of clay chemistry, technology and 

provenance, and to assess the performance and behaviour 

of the new techniques. 

The daub analysis is a specific example of the 

application of a new technique that proved productive 

but was severely limited by the amount of available 

material. Given its potential it is clear that more 

work has to be done to look at the technology of daub 

preparations within a given assemblage and to 

characterise a set of daubs with respect to an 

assemblage of site local pottery. 

The last area of suggested research concerns one 
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of the main assumptions underlying all Thin Section 

Petrological analyses. This is the assumption that your 

sample is representative, ie. the inclusions within the 

matrix are homogeneously distributed. The quality of 

the assumption varies from ware to ware and is crucial 

if precise textural analyses are to undertaken on a 

large scale. 

The only existing method to assess the homogeneity 

is through repeat sampling, which often results in the 

total destruction of a given sample. An alternative may 

be presented by the techniques of Xero-Radiography 

which have traditionally been used to look at the 

technological features of ceramic samples. Recent 

research has shown how useful the technique can be for 

illuminating the distribution of inclusions within a 

sherd (Pers. comm Chapman). Even in the case of 

mortaria, where surface gritting is present the 

technique can be modified to "focus" on the internal 

inclusions of interest (Pers. comm Janaway). 

in practice this would be invaluable in allowing 

the analyst to select more representative sample 

locations or to decide the number of samples to 

adequately define the ware under study. If, as was the 

case with the majority of the Scottish material, sample 

location is fixed and limited to one sample, the 

information could be used to apply a compensation 
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factor or a guage of the relative sample 

representivity. 
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