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Summary

This thesis is concerned with the provenancing by chemical analysis, or 
chemical fingerprinting, of Welsh medieval ceramics.

The study initially presents an overview and summary of our knowledge of 
the medieval Welsh ceramic industry as it currently stands. Subsequent 
chapters present additional overviews of the chemical testing of ceramic 
material and statistical techniques applicable to ceramic analysis.

In order to carry out the aims and objectives of the analysis, one hundred and 
sixteen ceramic sherds were collected from five different locations throughout 
Gwent and Glamorgan. The samples were ground into a powder and pressed 
into solid disk form. These were analysed using a Philips PW1400 X-Ray 
Fluorescence Spectrometer (XRF)

The results were analysed via computerised statistical packages. Initially 
using univariate and bivariate analysis, the final, multivariate analysis tests 
carried out were Principal Components Analysis, Correspondence Analysis 
and Discriminant Analysis. The statistical analysis suggests that other, 
simpler, techniques which provide useful information are often overlooked in 
favour of the more complex multivariate techniques.

As a result of these tests conclusions are drawn regarding the relationship 
between the fabrics of the Monnow Valley. Further tests examine the 
relationship between the fabrics of Kenfig and the Vale of Glamorgan where a 
new classification system for these wares is proposed.

Finally a brief examination of trade and distribution patterns suggests areas 
for future research.
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Introduction



The study of ceramics has a long history, indeed, many were studied before 

archaeology as a discipline emerged. As early as the late eighteenth century 

examples of Roman Samian ware were being drawn and published in London. 

The gentlemen antiquaries who completed these studies generally ignored 

examples of medieval pottery. On the few occasions where medieval pottery 

was discussed it was often placed, chronologically, as pre-Roman in their 

typological contexts or worse, dismissed as being crude, offering nothing to 

students of ceramic history. (Orton et al.: 1993)

Pottery studies were placed on a firmer footing by the later years of the 

nineteenth century, at around the same time as Pitt-Rivers was developing a more 

systematic approach to artefact studies in general. By 1887 Plique, working in 

France, had devised a classification system for Roman Samian ware which is still 

the standard for those working in this field. (Orton et al: 1993: 9) One of the 

more important contributions came from W. M. Flinders Petrie (1853 - 1942). 

The son of a surveyor, Petrie brought a systematic and methodical approach to 

archaeology and saved and recorded everything he excavated, in marked contrast 

to his contemporaries. The notes thus accumulated allowed him to compare 

pottery excavated at Tell el-Hesi in Palestine with sherds he had already 

excavated at Abydos, establishing a chronological link between the two sites. 

(Shigehiro: 1996)

As a direct result of Petrie's work, archaeologists realised that sites could be 

dated via the pottery remains found during the course of the excavation. This



work gained new impetus in the late 1950s thanks to the work of Shepherd, who 

combined research in chronology, trade and distribution and technology to make 

ceramic studies a far more powerfiil analytical tool. (Orton et ah 1993: 13)

This work still continues and is still an important discipline within ceramic 

studies. More scientific methods for the examination of pottery are increasing 

however. Rice (1987) has divided these into two distinct sections; macro 

evidence and micro evidence. The macro evidence derived from pottery owes a 

great deal to geology and geo-chemistry where the terms used to describe the 

clay matrix and its inclusions will be familiar to geologists. There is still a place 

in ceramic studies for this approach and observations made with a hand-lens 

should not be overlooked. This method is somewhat subjective, however, and 

places a great reliance on the skill of the observer in correctly identifying 

minerals within the matrix. In an attempt to counter this, there are growing 

numbers of studies which use micro evidence, derived from laboratory 

equipment, to examine the pottery in a more objective manner.

Micro evidence was chosen as the medium in which to carry out a study of 

medieval Welsh ceramics for this research. A more detailed history of chemical 

analysis as applied to ceramic material can be found in Chapter 4 below. At the 

time of writing, while a large volume of research had appeared which relied on 

macro, hand-lens and microscope derived analysis, no study had been undertaken 

which attempted to apply chemical analysis techniques to medieval Welsh 

ceramics; this research originated as an attempt to redress this balance.



During the course of the research, a number of investigative techniques were 

explored; these techniques included a range of chemical analysis methods as well 

as applications of statistical modelling methods more usually found in 

engineering. The culmination of this research, as well as casting some new light 

on certain fabric groups will, it is hoped, provide a useful framework for 

continued research into this field.

Throughout this study, the regional names Gwent and Glamorgan are routinely 

used. While it is recognised that these two regions no longer exist as political 

entities, the counties that used these names having been broken up into smaller, 

unitary authorities, the regions are still recognised as geographic entities. 

Further, they are both geographical definitions which would have been familiar 

to anyone in medieval south east Wales, more than anything else, it is for this 

reason that they are being used in this study.

Whilst the primary aim of this research is to take the first steps in describing the 

medieval fabrics of Gwent and Glamorgan geo-chemically and thus begin a long 

overdue empirical analysis of this ceramic material, there is a secondary aim. 

This secondary aim will examine possible ceramic trade routes in and around 

Gwent and Glamorgan and explore some of the mechanisms by which pottery 

was exchanged.



Bernadino Ramazzini (1633 - 1714), professor of medicine at the University of 

Modena and later the University of Padua, writing in the early years of the 

eighteenth century, is regarded by many as the founder of industrial medicine. In 

his, De Morbis Artificum Diatriba, he lists numerous occupations and the health 

risks associated with them. (Cipolla: 1993) Under the entry for potters 

Ramazzini writes,

"They need roasted or calcined lead for glazing their pots .... 
their mouths, nostrils, and the whole body take in the lead 
poison, hence they are soon attacked by grievous maladies. 
First their hands become palsied, then they become paralytic, 
Splenetic, lethargic, cachectic, and toothless, so that one rarely 
sees a potter whose face is not cadaverous and the colour of lead."

Despite the fact that this work is concerned with the abstracts of pottery study; 

the sherds themselves, their distribution and chemical composition; we must not 

lose sight of the potter described above. The sherds are much more than the 

physical remnants, sometimes the only physical remnants, of the medieval 

period; remnants that we are often tempted to view in isolation, or at best as 

convenient dating tools. They can also be a way to look at the lives of the potters 

that made them and the peasants who bought and used them.



Chapter One

The Medieval Pottery of Gwent and Glamorgan



1.1 Ceramic or Aceramic? Gwent and Glamorgan before the Normans

A traditional view of ceramic usage in south Wales postulates a largely aceramic 

pre-Roman Iron Age society which adopted, to a greater or lesser extent, Roman 

ceramic practices by the close of the first century A.D. Following the weakening 

of Roman influence in the early fifth century, this society reverted to its pre- 

Roman traditions and abandoned ceramic usage. It is generally assumed that 

pottery production in Wales ceased until the arrival of the Normans in the late 

eleventh century and even then ceramics were not adopted by native society; 

pottery manufacturers and users continued to be the immigrant Anglo-Normans. 

In this model, native Welsh society did not begin a wholesale adoption of 

ceramics until the late medieval or, more likely, the early modern period. 

Linguistic evidence alone points to the fact that the majority of Welsh words 

connected with pottery are 'borrow' words from Saxon or English and those 

words which are demonstrably Welsh in origin can apply equally well to non- 

ceramic vessels (Evans: 1983: 5)

This model is undoubtedly a simplification. Lady Fox excavating medieval 

house platforms on Gelligaer Common (Fox: 1939), felt that these represented 

native structures, a conceivable model given the location of Gelligaer in the 

Glamorgan uplands, an area well outside early Anglo-Norman influence. During 

the excavation Fox noted the presence of pottery dated by her to the thirteenth or 

fourteenth century and felt by Knight (1975: 114) to be similar to examples 

already noted at Caerphilly some 17 kilometres to the south. Since Knight



presented this paper, the assemblage at Caerphilly castle has been identified as 

belonging to a group common throughout thirteenth century Glamorgan and 

usually referred to as Vale Fabric.

A slight revision of the model noted above then would see medieval Welsh 

society as occasional users of ceramics rather than non-users. Nevertheless, it 

would seem likely that ceramic usage in medieval Wales was largely confined to 

immigrant, non-Welsh groups at least until the late fifteenth or early sixteenth 

centuries.

In order to appreciate fully some of the changes taking place within Wales during 

the period of Anglo-Norman conquest, it is appropriate to examine the aceramic, 

or rather, partially ceramic, model noted above in greater detail. This 

examination can then be utilised as an established, albeit theoretical, benchmark 

to chart the evolution of ceramic usage in the region. An early point to note is 

that the regions of Gwent and Glamorgan appear to have experienced Anglo- 

Norman incursions in the late eleventh and early twelfth centuries in very 

different ways. This variation undoubtedly had an influence on the early ceramic 

industry of south east Wales, with a distinct east - west division becoming 

evident.



1.2 The Norman conquest of South East Wales

In the years immediately following the conquest of England in 1066 William 

paid little direct attention to Wales, although he did install some able lieutenants 

along the Welsh border. By the early 1070s, however, that situation was to 

change and territorial advances were being made into Wales. A number of 

castles such as the 'Three Castles' at Skenfrith, Grosmont and White Castle and 

the key border castles at Chepstow and Monmouth, castles which controlled 

important access points into Wales, were well established by the late eleventh 

century. All had small towns associated with them and, in the case of Chepstow, 

the town was operating as a thriving port by the early years of the twelfth century 

whilst Monmouth was attracting industrial ventures by the middle of the twelfth 

century.

Further towns sprang up along existing trade routes such as Newport, which was 

situated on the old Roman road through south Wales and Abergavenny, and Usk 

to the north, which exploited river routes into the hinterland. In addition to these 

towns a significant number of smaller villages were beginning to transform the 

landscape of medieval Gwent.

In less than one hundred years the region had moved from being a rural native 

Welsh district with hardly any evidence of permanent settlement to being a 

province of the Norman Empire. By the 1170s Gwent could claim at least seven 

and possibly eight new towns were none had existed before and there were now a



small but significant number of immigrant settlers in the new towns and villages 

who were able to dictate and shape the region's economy.

The situation in eleventh and twelfth century Glamorgan was somewhat 

different. Part of the difference must lie in the proximity of Gwent to the English 

border. On one level it would simply be easier for the settlers to import essential 

items from the secure counties of Herefordshire and Gloucestershire. The 

distances involved in journeys between Monmouth, Chepstow, Abergavenny, 

Hereford and Gloucester are not great and are themselves testament to the first 

tentative steps at colonisation being taken. On a deeper level the border may 

have provided a psychological crutch. The settlers may have felt a little safer 

colonising areas which were close to safety should the need arise. Whatever the 

reason, the outcome was that wholesale movement into Glamorgan by Anglo- 

Norman settlers did not really begin in earnest until the closing years of the 

eleventh century, mainly thanks to the initiatives of Robert fitz Hamo, the first 

Norman lord of Glamorgan who died in 1107. Even then fitz Hamo's 

acquisitions only extended to the coastal strip of Glamorgan, once again 

following the former Roman road through south Wales. By the early twelfth 

century towns were founded in Cardiff, Kenfig, Oldcastle or modern Bridgend 

and Swansea. As in Gwent, a network of small villages along the Vale of 

Glamorgan would have serviced each of these towns. To a large extent, the 

hinterland of Glamorgan was untouched by Anglo-Norman settlement in the 

early years of occupation. This hinterland would only be fully exploited
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by the mid-thirteenth century when the de Clare family, as earls of Glamorgan 

would finish the work began by fitz Hamo when they established a number of 

new towns such as Caerphilly and Llantrisant as part of a cohesive consolidation 

of their territory both in Glamorgan and Gwent.

Both Gwent and Glamorgan now possessed a number of new towns where none 

had existed prior to the arrival of the Normans. These towns with their 

immigrant populations would naturally need goods to sustain themselves and, as 

noted above, there simply was no native infrastructure that was able to 

accommodate the towns. This is particularly true when looking at the trade in 

ceramics. While the townspeople could rely on the native hinterland to provide 

them with food and other domestic consumables there was no market able to 

provide them with their ceramic requirements. Ceramic goods were an essential 

requirement for the households of these immigrants. In the newly imposed 

system, ceramics provided a reliable and cheap method both of containing and 

storing foodstuffs and its subsequent preparation, cooking and serving. Both this 

perceived need, and the lack of native support to sustain it, can be easily 

demonstrated.

1.3 Hen Domen and early ceramic usage in medieval Wales

Hen Domen castle, a motte dating from around 1071 and built by Roger of 

Montgomery is one of the earliest castles in Wales and was contemporary with

10



fitz Osbern's building programme in the southern March. Despite being a little 

to the north of the region under investigation in this study, lying in Powys, it is 

significant since it has been the subject of an extensive excavation. This was 

undertaken by students and staff of Exeter University Department of History and 

Archaeology, Birmingham University and by West Mercian Archaeological 

Consultants. As the subject of such an intensive investigation, an investigation 

which is not yet available for any motte in south east Wales, Hen Domen may 

offer valuable insights which could be applicable to the fitz Osbern and fitz 

Hamo castles further south. The published report by Higham and Barker (1982 

& 2000) includes a pottery assessment by Alan Vince; this and further notes by 

Jeremy Knight (1987) indicate that the pottery assemblage from the earliest 

levels at Hen Domen is not of local origin. Knight goes on to say of the pottery 

assemblage at Hen Domen, the early layers on the site have provided little 

pottery, but what there is falls into two groups. The first is an unglazed sandy 

ware; the forms are of jars or cooking pots and a source near Worcester has been 

postulated (Clarke: 1982). The second group is a little later and represents the 

second phase of occupation at the site; this ware is tempered by siltstone and 

Alan Vince suggests that this is diagnostic of a Severn Valley fabric (Vince: 

1984). While no motte and bailey castles of this period have undergone such an 

extensive excavation in south Wales, it is suggested that if a fitz Osbern castle 

were to receive such treatment, the pottery assemblage recovered would be 

similar, showing high numbers of imported vessels in the earliest occupation 

layers.

11



Additional evidence for the large scale importation of ceramics in the earliest 

phases of Norman occupation can be found along the Glamorgan coast. Cliona 

Papazian in her study of Welsh medieval ceramics of 1992 notes large numbers 

of Bristol manufactured coarse wares or cooking pots on a number of sites 

throughout south Wales. This pottery has been identified as Bristol Pottery 

Typel 14 and Bristol Pottery Type AA, both types with a production date of 

between c.1080 and c. 1200. Often referred to as Proto-Ham Green ware despite 

the fact that Ponsford (1991: 89) sees the type as contemporary with Ham Green 

type A, dating from the first half of the twelfth century; this type is predominant 

in Penmaen, on Gower and Llantrithyd, in the Vale of Glamorgan. Under normal 

circumstances such material, as was the case with the early wares at Hen Domen, 

would simply not travel that far from its centre of manufacture. While these 

items would be very much a staple component of the medieval kitchen, they 

would seem to have had an extremely low economic value. This low cost 

together with the obvious hazards in transporting fragile, ceramic, material over 

large distances tended to ensure that coarse wares are usually found within a 

radius of 25-30 kilometres from their point of origin, often considerably less. 

This constraint clearly places the south Wales coast well outside the normal 

overland trading route for Bristol products of this type. That these pots are 

found in relatively large numbers implies that the Bristol potters perceived a gap 

in the market; a gap which would normally be filled by local potters and one 

which would make exporting to south Wales unusually economically viable. The 

proliferation of Bristol wares along the south Wales coast suggests that small 

ships or boats were being used, rather than the more hazardous road transport

12



system, the relative cheapness of sea transport again assisting the Bristol potters 

in exploiting south Welsh markets.

1.4 The Pottery of Gwent

As the Norman movement into, and settlement of, south Wales continued, a point 

inevitably arrived where the population of the new towns of Gwent could no 

longer be adequately served by importing coarse wares. Within a short space of 

time, and certainly by the early years of the twelfth century, potters had 

established themselves in and around a number of south Walian towns, attracted 

by the potential of a new market for their goods. Steve Clarke, working at 

Monmouth has noted one of the best examples of this type of economic 

incursion. The earliest ceramic phase at the town has been identified as 

belonging to a type known in Hereford as D2 ware (Vince: 1985). Dating from 

the first half of the twelfth century, its production centre was probably 

somewhere in the Cotswolds, more specifically the Vale of Gloucester. The 

ware is tempered with oolitic limestone and has been recognised as being present 

in around nine assemblages west of the Severn. In a Welsh context sites in 

Abergavenny, Chepstow, Skenfrith and Monmouth itself have given examples of 

this fabric, while a number of sites in the west of England have also shown 

indications of its presence, these include Upton Bishop in Herefordshire, 

Hereford, Chax Hill (Westbury-on-Severn) and Lydney in Gloucester (Clarke: 

1991).

13



Making up a smaller portion of the early assemblages at Monmouth are wares 

identified by Clarke as Monmouth Al and A2. These fabrics are tempered with 

sandstone, and a petrological analysis would appear to suggest a point of origin 

near to Monmouth, although it must be noted that this speculative production 

centre is a little more certain with the A2 wares. In form the Al and A2 fabrics 

are usually coarseware jars or cooking pots. Perhaps, for the purposes of this 

discussion, the most significant point to note with regard to these fabrics is their 

apparent similarity in form to a type known to originate within the Malvern area 

and identified in Hereford as type Bl. The Al and A2 pots were almost certainly 

being manufactured in the Monmouth area but to a pattern which conformed to a 

Malvernian type.

By the middle of the twelfth century, Clarke has noted a marked decline in the 

amount of imported D2 pottery in favour of more locally produced items, 

indicating the steady establishment of a Monmouth-based industry (Clarke: 

1991: 34). Curiously in this context, he has also noted Malvernian tripod 

pitchers dating from this phase. Perhaps, as with the Ham Green ware jugs also 

seen, with no local equivalent there was still a limited importation market in 

operation.

The other significant town in twelfth century Gwent, Chepstow, appears to have 

remained dependent on imported wares for some while; no substantial local 

potting industry can be traced in the south east of the county until the thirteenth 

century. Pottery supply in this earliest, twelfth century, phase arrived mainly

14



from Bristol. This is clearly a reflection not simply of Chepstow's proximity to 

the Anglo-Welsh border, but also of its growing prominence as a port, which had 

considerable trading links with its neighbour in Somerset.

This is undoubtedly not the entire picture and, as new evidence emerges, a 

reassessment will be necessary. As an example, a potential kiln site currently 

being excavated at Abernant Farm, approximately 3.5 kilometres north east of 

Caerleon, has yielded several sherds of pottery. On examination by Steve 

Clarke, this fabric has been shown to be of a local clay matrix but with 

remarkable similarities to twelfth century vessels known to be manufactured in 

Monmouth (Leaver, pers. comm.).

An intermediate, late twelfth century or early thirteenth century production 

centre has been suggested near Chepstow. Alan Vince has classified the wares 

from this kiln as type Ha, with this fabric having three sub-variants (Vince: 

1991). Present in Chepstow from the late twelfth century, it is one of the more 

common fabrics after the Bristol made imports. The vessel forms for this fabric 

are usually jars and pitchers. Vince observes that it has only been noted 

elsewhere at one other site, Caerwent, some seven kilometres to the west of 

Chepstow (Vince: 1991: 96). Interestingly, Blaise Vyner has also postulated a 

late twelfth century kiln in the same area. Vyner makes a case for placing the 

kiln at, or near Penhow, a village lying five kilometres to the west of Caerwent 

but on the same road, the Portway, as Caerwent and Chepstow. The site at 

Penhow is certainly known for thirteenth century products and twelfth century

15



production in the vicinity is certainly not beyond the bounds of possibility. Once 

again noting the presence of both jars and pitchers, Vyner has recorded similar 

fabrics at Penhow, Tredegar Park, a little to the west of Newport and in the later 

twelfth century phases at Rumney (Vyner: 1987: 31). A comparative analysis of 

the Vince and Vyner fabrics will be required to appreciate the implications of 

these identifications fully. If they are similar, this could indicate a small but 

significant late twelfth century industry along the south Gwent and eastern 

Glamorgan coast.

Of these jars and pitchers, some of the higher quality examples are the Monnow 

Valley Wares, identified by Clarke, and distributed in and around Monmouth. In 

contrast to the twelfth century vessels from Monmouth, identified as fabric types 

Al and A2 by Clarke and discussed above, the thirteenth century fabrics, labelled 

A3 - A5 have a far wider distribution. They can properly be classified as a 

Monnow Valley Ware, with potential kiln sites having been noted in and around 

Monmouth itself, Trelech and Grosmont. Of all the fabrics examined as part of 

this survey, there can be little doubt that the Monnow Valley fabrics of the 

thirteenth century are among the best made examples and represent the "high 

quality" end of the spectrum of Glamorgan and Gwent ceramics. The fabric 

itself has fine inclusions, is well fired and has dark green glazes of excellent 

quality. The fabrics vary in colour from orange through to a light grey and form 

a reasonably uniform group, although the A5 fabric does have a number of 

variants which include a sand tempered form, common in Trelech and possibly 

with a point of origin in that area. In form, while the jars or cooking pots are
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unremarkable, even clumsy, the pitchers are of the baluster type and have been 

described by Clarke as "graceful", (Clarke [1]: 1987: 53). The most noticeable 

feature of many of the pitchers is the "complex rouletting" decoration, an 

impressed pattern running around the vessel and probably applied by a small, 

incised wheel (Clarke: 1983: 32 & 1987). First noted at Skenfrith and White 

castles by Craster (1967) and Hurst (1962) the rouletted vessels were dated by 

Knight, during his excavations at Montgomery Castle, to 1223 - 33 (1982). This 

particular type of rouletting, where the decoration covers most of the body of the 

vessel, is almost unique in Britain, only appearing elsewhere in Worcester - 

Gloucester Jugs (Clarke: 1987). Variations are known elsewhere however, from 

finds at Chepstow for example, where the rouletting appears as a single band 

around the vessel, and not the entire body as in Monmouth and Worcester 

vessels.

The source of these Chepstow rouletted vessels, which Alan Vince has classified 

as Ha.l, (Vince: 1991) is probably the Penhow kiln. The potter here appears to 

have occasionally used rouletted decoration as well as his more common 

technique of incised line decoration (Wrathmell: 1981). This kiln remained in 

operation throughout the first half of the thirteenth century although the 

distribution range of vessels from here does seem to have declined by the 

thirteenth century. Penhow wares which were noted as far west as Rumney in 

twelfth century contexts became far more localised in the thirteenth century, 

probably as a result of competition from ever improving Glamorgan wares to the 

west.
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A third Gwent pottery group, Usk Ware, is in the light of new findings, 

becoming more significant. Pottery production in the west of the county at Usk 

is well attested in the post-medieval period. The kilns at Gwehelog were 

producing black-glazed wares and red slip-wares throughout much of the 

seventeenth and eighteenth centuries (Hughes: 1980). There was, however, a 

well established medieval industry working in, or near to, the town. This ware 

was first noted by Geoff Mein of the Usk/Trostrey Excavation Group in the early 

1980s and was described by Paul Courtney, who noted that the ware was 

dominant in Usk and its surroundings by the early thirteenth century but had 

collapsed by the sixteenth century (Courtney: 1994). Presumably, by the 

sixteenth century products of the Gwehelog kiln had started to assume 

dominance within Usk. Courtney has sub-divided this Usk Ware into two types; 

Al and A2. Both types are similar in that they have inclusions derived from the 

local sandstone; they are both very micaceous. The Al types are generally jars 

or cooking pot, mostly reduced but occasionally part-oxidised whilst the A2 

wares are usually fine wares, having a thin, green glaze. This second group is 

usually partly oxidised, often having reduced cores in a sandwich effect. The 

inclusions are generally the same as the Al ware but with occasional, larger 

sub-angular sandstone fragments. The Usk Wares are prevalent within the town 

but were also traded southwards, down the Usk valley. During the course of this 

research, the collection of medieval pottery from the National Museums and 

Galleries of Wales (NMGW) at Caerleon was examined, where it quickly 

became apparent that pottery previously categorised as "Local, source unknown" 

was, in fact, Usk Ware. The rest of the Caerleon collection was dominated by
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Bristol imports and it may be that the twelfth century kilns previously noted at 

Abernant and Caerleon were rendered obsolete in the face of imports; the Usk 

wares accounting for most of the coarse ware and Bristol products the fine ware. 

For the purposes of this study, the Courtney A2 fine wares will be referred to as 

Usk A ware, while the Al coarse wares will be categorised as Usk B ware. This 

brings them into line with other Welsh ceramics classifications, which usually 

see the fine wares described and placed numerically before the coarse wares.

1.5 The pottery of Glamorgan

Turning to Glamorgan, some aspects of the county's earliest ceramic phase 

parallel those in Gwent; there are, however, some interesting and noteworthy 

differences. As in Gwent, an early reliance on imports, mainly from Bristol, has 

already been noted above, and access to the new towns of the Vale of Glamorgan 

was being made via the many small inlets and harbours along this coastline. 

Unlike Gwent, there was no easy overland access to the established markets of 

Hereford or Worcester. Indeed even access to the newly established industries in 

Monmouth would have been problematic in the extreme for the townspeople of 

Glamorgan thanks to the existing road and transport network of the region, 

discussed more fully below.

The solution for the towns of Glamorgan was the development of an independent 

pottery tradition from a slightly earlier point than that found in Gwent. Based in 

the area around, but not actually in, one of the region's largest twelfth century
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towns, Cardiff, potters in this region would have been ideally and almost 

centrally placed and well able to exploit the new trade in all directions. At this 

point in our understanding, evidence for the earliest Glamorgan based industries 

is found in two locations in the south of the county. Llantrithyd, already noted 

for its importation of proto-Ham Green ware, which lies to the west of Cardiff 

and Rumney, an area which is now a suburb in the east of the city but in the 

twelfth century was a hamlet outside it. Both are earth and timber, ringwork type 

defended sites.

The site at Llantrithyd, reported by Charlton (1977) is dated via a coin hoard to 

somewhere between the first quarter, and middle of, the twelfth century. All the 

pottery uncovered at the site is remarkably uniform, showing little, if any, 

typological change. The implication here is that the occupation of the site was 

short, not allowing any development of form to be observed. The pottery 

contains a number of imports in addition to the proto-Ham Green wares 

previously noted. These have been identified as late tenth century or early 

eleventh century vessels from Somerset, early eleventh century wares from 

Glastonbury, in addition to a small quantity of vessels dating to the late eleventh 

or early twelfth centuries from Gloucester (Charlton: 1977). By far the largest 

assemblage at the site is a group of wares that would seem to have been 

manufactured locally. Classified as Llantrithyd Ware, jars dominate the known 

forms. The surface of these vessels varies in colour greatly from orange to grey, 

often on the same vessel, and it has been speculated that the likely cause is a 

result of poor temperature control during firing (Vyner: 1987).
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The second site noted above, Rumney, also gives evidence of early fabric types. 

The site at Rumney was originally an early ringwork, modified with the addition 

of a Great Tower in the second half of the twelfth century. Unlike Llantrithyd, 

the site remained in occupation throughout the thirteenth century, it was 

converted to a manor circa 1270 and finally abandoned circa 1294 (Lightfoot: 

1992). Vyner, in 1987 felt that the fabric at Rumney was the same as that found 

at Llantrithyd but even more poorly fired. However, as a result of the 

excavations by Lightfoot in which Vyner was asked to comment on the pottery 

assemblage, a slightly revised classification was proposed. Two distinct fabrics 

were noted in the late twelfth century phases at Rumney; Rumney Gritted Ware 

and Rumney Smooth Ware. Of the two, the Rumney Gritted Ware is closest in 

both form and fabric to Llantrithyd ware and it is this ware which undoubtedly 

caused the earlier confusion. As at Llantrithyd the firing is poor and the surface 

colours patchy, the only major difference being the rim style, which is shorter 

than Llantrithyd examples. In the Rumney Smooth Ware, the clay fabric is again 

similar but a higher degree of finish is noted in both rims and vessel surfaces.

With the absence of evidence to the contrary, a tentative dating sequence can be 

postulated. This sequence places Llantrithyd ware at a point prior to circa 1150, 

and Rumney gritted ware as a late twelfth century fabric at Rumney castle. 

Rumney Smooth Ware can also placed in the last years of the twelfth century 

where it is associated with Rumney Gritted Ware. All of these fabrics are similar 

to the dominant Glamorgan fabric of the thirteenth century, Vale Ware, which is
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discussed more fully below. The suggestion has been made that these twelfth 

century wares can be considered an ancestor of Vale fabrics (Vyner: 1987: 1992: 

30).

In the west of Glamorgan, the situation is far less clearly defined. The eastern 

portions of the county, particularly around Cardiff, would, as discussed above, 

appear to be well served. Very little evidence, however, of a west Glamorgan 

industry has been observed in the twelfth century. There was, evidently, a small 

and highly localised industry based somewhere to the west of Swansea and in 

operation by the end of the twelfth century (Lewis & Vyner: 1979). A number of 

sherds from this source are known from Loughor and Gower but they would 

appear to be scarce, even at the time of their manufacture.

In a discussion of medieval vessels found at Pennard Castle, Gower, Steve Sell 

notes that an unglazed coarse ware jar, probably used for cooking, shows 

evidence of extensive repair. The vessel was probably manufactured locally, in 

the late twelfth century, and shows evidence of kiln damage, having a warped 

rim with some cracks in its neck, received during firing. That this piece was 

taken to market at all may indicate that pottery in west Glamorgan was 

sufficiently scarce to allow the vessel to be sold, instead of rejected as a waster. 

In addition, while in use, the base seems to have cracked or parted company from 

the vessel wall. Instead of discarding the vessel, its owner drilled holes in the 

base and body and laced the pot together with strips of bronze. While this vessel 

would no longer be useful as a cooking pot or as a liquid container, it would still 

have been able to store solid items, such as grain. This is not an isolated
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example. A tripod pitcher from Loughor Castle and contemporary with the 

Pennard jar also shows evidence of repair; a hole near the base has been plugged 

with lead. This vessel is also of relatively low status and would almost certainly 

have been discarded in an area which was economically more affluent and 

possessed a good supply of new replacements (Sell: 1981).

In Glamorgan, the dominant thirteenth century fabric group is Vale Fabric. A 

distinctive Glamorgan type was noted as early as the nineteenth century during 

the Marquess of Bute's excavations at Blackfriars in 1887 and by the mid 1970s 

the fabric was being described with a remarkable consistency by a number of 

researchers. Vyner first used the type description of Vale Fabric in 1982 and at 

that point it was sub-divided into two groups VF1 and VF2 (Vyner: 1982). 

While no production centres have formally been identified, there is speculation 

which postulates two kilns or kiln groups one near Cardiff and the other 

somewhere to the west of Barry (Papazian: 1992). Excavations carried out to the 

north of Cardiff, in the grounds of Llandaff Cathedral may tend to support this 

hypothesis in that a dump of pottery wasters uncovered there has been identified 

as being Vale Fabric (Young: 2001). In general, the VF1 fabric is used to 

produce table wares, the fabric is quite fine with oxidised surfaces and reduced 

cores and having a thin, green glaze. The VF2 fabrics are usually cruder and are 

used to produce jars; these are unglazed and have a uniform chocolate brown 

colour and appear to have a far more localised distribution than the VF1 forms. 

Probably the most unusual form of VF2 fabric is the so-called West Country, or 

incurved dish. These are round, flat dishes around 20-30 cms in diameter with
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low incurving sides around 4-6 cms tall. They usually have one or, 

occasionally, two holes punctured in their sides, near the base. The function of 

these vessels is unknown and most of the current hypotheses, ranging from dairy 

produce manufacture to meat-dripping dishes, are unsatisfactory (Sell: 1984). 

These vessels are certainly unusual in a Welsh context and have few parallels in 

the wider British context. They have been noted in Hereford, with a possible 

source at Breinton to the west of Hereford itself (Vince: 1985) and at Gloucester 

where a source in north Wiltshire, possibly Minety is assumed (Hassall & 

Rhodes: 1974). Elsewhere in Wales, Clarke believes he has found some 

evidence for their manufacture in the kiln at Caerleon (Clarke: pers. comm.) and 

in the course of this research, fragments recovered from Trostrey, near Usk were 

examined which also exhibit the characteristic short, incurved sides. The 

implication here is that there may have been a localised usage of these vessels in 

the Usk valley area, although this usage appears to be nowhere near as great as 

that found in the Vale of Glamorgan. As well as distribution patterns that 

dominate the Vale of Glamorgan, Vale Fabric vessels have been noted in 

Chepstow (Vince: 1991) and Caerleon in the east and Gelligaer in upland 

Glamorgan. A similar fabric to VF1 has been noted to the west of Glamorgan at 

sites on Gower and in Swansea and may indicate a further sub-division, that of 

VF3, is required. Further, detailed analysis of this fabric will need to be carried 

out in order to establish whether or not this is a genuine sub-division or simply 

extreme westward trading of VF1 (Freeman: 1996).
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To the centre and west of the Vale of Glamorgan, a ware that is similar to Vale 

Fabric is common. This fabric, Kenfig Fabric, would appear to have a 

production centre near to Kenfig itself, possibly between the town and Bridgend. 

Noted by Francis and Lewis (1984) fabric A from the Kenfig castle assemblage 

makes up some 60% of the ceramics examined by them. In form it is almost 

identical to VF1 vessels from further east showing similar vessel forms, 

decorations and glazing. Even under the microscope the two wares are 

remarkably similar. Alan Vince classifies Kenfig ware as Hg and Vale fabric as 

Hh in the Chepstow report, (Vince: 1991) and notes the similarity. The 

distribution range of this ware is, once again, remarkable in its similarity to Vale 

Fabric distribution. Like the Vale Fabric, the pattern of trade for Kenfig pottery 

is predominantly within the Vale of Glamorgan and, like Vale Fabric, it can be 

found further afield. Examples of Kenfig ware have been noted at Llandaff and 

indeed Chepstow. The incidence of this fabric at Chepstow may, at first glance, 

seem particularly surprising but when one takes into account a long established 

shipping trade between Kenfig and Chepstow, its presence may not be so 

unusual. There are certainly shipments recorded in 1184 and 1185 when 24 ships 

carried building material from Chepstow to Kenfig, and it is possible to imagine 

this trade continuing for some considerable time, certainly until silting at Kenfig 

made the port there unusable in the sixteenth century. (Francis & Lewis: 1984)

One other small but significant assemblage needs to be noted in the context of 

Glamorgan. Rumney Ware, found to the east of Cardiff at Rumney Castle and 

previously noted in the discussion on twelfth century fabrics above, would

25



appear to have a limited, local market in the thirteenth century. Quantities of a 

fabric identified as Rumney Hard Ware (RHW) were uncovered during the 

excavations at Rumney and have been assessed as being contemporary with the 

later products from the Vale Fabric kilns (Vyner: 1992). Quite why this 

relatively well made fabric should reach such a small market is unknown but is 

probably related to the presence of large scale Vale ware distribution to the west 

and the products of the Penhow kiln in the east. The Vale fabric would have 

dominated the Cardiff markets and Penhow products would seem to be moving 

into areas around Newport, areas which were supplied, at least in part, by 

Rumney wares in the twelfth century.
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Chapter two

The Technology of Medieval Pottery Manufacture



2.1 Vessel forms

The thirteenth century saw a number of subtle but distinctive changes appear in 

British pottery, changes which, as would be expected, are reflected in the 

ceramic assemblages of Wales. Broadly the changes are the emergence of a 

certain uniformity of form and design coupled with an increase in decoration and 

decorative motifs, an increase in quality and an increase in quantity.

By the thirteenth century, the proliferation of styles and designs, which had 

characterised the late Saxon and Anglo-Norman industries, had begun to 

homogenise into fewer vessel forms. The intensely regional nature of this early 

pottery tradition which expressed itself in a wide variety of different styles within 

any given vessel form, was replaced by a much reduced variety of style within 

that same vessel form. Jars, for example, were more or less uniform in style 

throughout Britain, regional differences were to remain, but these were far more 

subtle and discreet. Such differences as remained often showed as no more than 

a preference for a particular inclusion as a temper or as a slight variation in 

vessel rim size.

At the same time, a number of new products were added to the normal range 

produced by potters. Items such as ceramic curfews, cruets and costrels were 

produced in small numbers during the thirteenth century, satisfying a tiny portion 

of the overall market for these goods, a market normally dominated by pewterers
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and leather workers. Despite this, an expanded product range does not occur so 

readily in Welsh contexts and will be discussed more fully below.

By far the most common vessel types, however, were jars and pitchers. Of these, 

pitchers or jugs are the most common followed by the jar form, a type often 

referred to as cooking pots. This latter nomenclature is understandable in the 

light of the most common use for jars, which was as cooking vessels placed in, or 

suspended over a fire. This function also goes a long way to explaining the 

higher incidence of pitchers in recorded assemblages from the later medieval 

period. As the thirteenth century progressed metal cauldrons, an item eminently 

more suited for placing in a fire, were becoming more common and replacing 

ceramic vessels for this purpose. Pots of cast bronze with capacities of 1 to 6 

gallons were valued at between 3 and 5 shillings by the close of the Middle Ages. 

This was undoubtedly a large amount of money and considerably more than the 

l/4 d to !/2 d prices commanded by ceramic vessels, but not beyond the means of 

many of the better off peasants, who were the principal consumers of ceramic 

goods (Dyer: 1989: 173). Placing this in a Welsh context, Alan Vince has noted 

the presence of a bronze foundry in Bristol which, by the late thirteenth century, 

was known to be making bells but was also, probably, producing cauldrons. 

Given the established trade links between Bristol and the south Wales coast, 

noted above, which reveals a high incidence of Bristol ceramic vessels in the 

region, the possibility of bronze cauldrons from Bristol reaching Welsh 

consumers must be strong (Vince: 1991: 132).
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In 1998, the Medieval Pottery Research Group published their first occasional 

paper, A Guide to the Classification of Medieval Ceramic Forms. This paper 

describes all of the known ceramic forms, but in particular jugs and jars, in terms 

of broad shape and fiinction and allows some standards to be identified. Ten jug 

types are noted, but most may be described as standing upright with narrow 

mouths. Of the jars, eight types are noted with, generally, an even width to 

height ratio, being shorter and having wider mouths than jugs.

2.2 Decoration

A preference for decoration is certainly more evident in thirteenth century 

pottery as opposed to the rather more austere, functional look of earlier vessels. 

While this occasionally manifests on jars, coarse ware vessels from both Penhow 

in Gwent and Cosmeston in the Vale of Glamorgan are found with decoration on 

the rim, most decoration was applied to jugs.

Surface glazes and slips were among the earliest forms of decoration and are 

known on late Saxon examples; there was some development during the 

thirteenth century however. There was a move away from splashed glazes, 

where glaze in the form of dry, lead oxide powder was scattered onto the surface 

of the vessel, common prior to the thirteenth century, towards dipped glazes 

(Newell: 1995). In this form, a lead oxide glaze was made up in liquid form and 

either painted onto the surface of the pot or stored in a suitable container and the 

vessel dipped into the glaze. This second form was something of a technological

29



advance and allowed for a far more even coat of glaze being applied to the whole 

vessel and a consequent improvement in finish (De Bouard: 1974). Occasionally 

iron filings were added to the glaze giving a brown or straw yellow finish, as 

opposed to the green finish usually associated with copper based, lead glazes 

(McCarthy & Brooks: 1988: 35; Newell et ah 1991).

Of the decoration applied directly to the clay on these vessels, the simplest are 

incised and stamped decorative motifs. In a south Wales context, the potter at 

Penhow, already noted, seems to have been, "more adventurous than some of his 

.... contemporaries", (Vyner: 1987: 32) decorating even coarse wares with a 

wavy, incised line around the rim and jugs with a rouletted design.

By the late thirteenth century, anthropomorphic designs were popular and stamps 

showing human faces are well known; this latter design type is, however, rare in 

a Welsh context. Applied clay, on the other hand, is known in a Welsh context. 

This form is usually associated with the products of Glamorgan and is often 

found as pellets of contrasting colour clay, forming a pattern, or as an applied 

and decorated strip around the shoulder or rim of jugs. A jug from Kenfig 

Castle, and currently on display at the National Museum and Gallery Cardiff, 

clearly illustrates this practice. A further applied feature evident on this vessel, 

and indeed many thirteenth century wares throughout Gwent and Glamorgan, is 

the frilled base. Often called 'pie-crust' decoration this, 'pinched', decorative 

technique is common on bases and occasionally rims.
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2.3 Manufacturing Techniques

The increase in quality evident in thirteenth century pottery can be attributed to 

improvements in manufacturing technique, perhaps themselves necessitated by 

the need to produce vessels in greater quantity, an issue discussed more fully 

below.

2.3.1 Temper

The predominant technical improvements can be seen as the usage of better 

quality temper in the clay matrix and improved techniques in the fabrication and 

firing of vessels.

Good pottery clay needs impurities, known as inclusions in order both to make 

the clay stiff enough to be workable and to provide a means of 'locking' the clay 

particles together during firing. Most clays have these inclusions within their 

matrix as natural deposits, but when their quantity or type is not deemed to be 

suitable, a potter can add inclusions in the form of "temper". When suitable 

material is added in the correct proportions it can have the added bonus of 

reducing shrinkage during drying, decrease drying time and can improve the 

vessel's resistance to post-firing thermal shock, particularly useful in vessels 

destined for cookery which were often placed directly onto a fire. Common 

inclusions are crushed shell, volcanic ash, rock fragments, sand or gravel and 

crushed pottery or grog, probably from a previous failed firing (Rice: 1987: 74).
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In a Welsh context, the most common inclusions are rock fragments, sand and 

grog.

The earliest medieval temper found in the region's pottery takes the form of 

limestone fragments, often of considerable size. Papazian in her 1990 survey has 

identified a group of wares, which she has classified as Glamorgan Limestone- 

tempered fabric. This fabric is noted by her in the west and south of the county, 

mainly at Gower, Merthyr Mawr and possibly Llantrithyd and always in 

conjunction with early earthwork castles suggesting a twelfth century 

introduction. She further notes extensive natural outcroppings of limestone at 

both Gower and the south Glamorgan coast strengthening the case for associating 

known assemblages with production centres (Papazian: 1992: 61).

While limestone undoubtedly adds to the plasticity and workability of the clay 

this material as a temper brings with it a number of other problems. The 

limestone itself tends to decompose at temperatures above 850°C and reverts to 

lime (CaO) and carbon dioxide (COi). The CaO absorbs atmospheric moisture 

forming quicklime (Ca[OH]2) which initiates an exothermic reaction within the 

vessel fabric during firing, causing the vessel to explode. Clearly this is an 

unacceptable outcome for the potter (Rice: 1987: 98). The net result is that 

vessels with significant quantities of limestone temper cannot be fired at high 

temperatures for any length of time, especially at the temperatures required to 

produce good quality glaze, typically in excess of 920°C. Additionally, if the pot 

survives firing, the lime produces increased porosity in the vessel, particularly
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when acidic liquids such as wine are stored, the wine eating into the any exposed 

limestone inclusions leaving voids.

By the thirteenth century, the most common inclusions used by potters had 

changed to sand, quartz and grog. Limestone continued to be used in a limited 

capacity as, so long as the quantity used in any single vessel was not too great, its 

previously noted advantage of reducing drying time and also as a flux for fixing 

glaze to the vessel surface could be utilised. In his survey of the ceramic 

assemblage at Chepstow, Alan Vince estimates that the volume of pottery that 

was limestone tempered had dropped to between 5% and 20% of the total by the 

late twelfth century (Vince: 1991: 133).

Sand, or more correctly silica, is itself one of the more common natural 

inclusions in clay so its extended use was a logical step. It has much the same 

strengthening properties as limestone without any of the disadvantages of water 

absorption. It can, if used in too heavy a quantity, expand under firing and crack 

the pot but potters would be well aware of this shortcoming. Sources of sand 

supply would have varied, but would usually have been conveniently close to the 

production site, following the pattern noted by Papazian with regard to limestone 

temper. Steve Clarke has successfully demonstrated, by petrological 

examination, that sand in Monnow Valley Ware was probably obtained from the 

River Wye (Clarke. pers. comm.). Further, it would seem likely that the heavy 

concentrations of sand found in Vale fabric would have been derived from the 

beaches of the south Glamorgan coast, which would have been within easy reach
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of the presumed production centres. For the Vale fabric, this sea sand may have 

had other advantages, as it undoubtedly contained salt. Salt was a recognised 

additive by potters, it lightened glaze colours: giving green lead glaze a more 

pea-green shade and is useful as an agent in calming the exothermic reaction of 

lime noted above, allowing small quantities of limestone to be used with a 

greater degree of safety.

2.3,2 The Wheel

The thirteenth century improvements in both manufacturing technique and speed 

of production can be largely attributed to the adoption of the potter's wheel. 

While this clearly goes, 'hand in hand' with improvements in temper, giving a 

more plastic and workable raw clay, its use in Britain was known before the 

consistency of the clay matrix was properly investigated by potters. The 'fast' 

wheel; on which pots could be 'thrown' as opposed to the 'slow' wheel, which 

was merely a turntable for finishing coil or hand built pots; was known in parts 

of England from mid-Saxon times. Despite this, the widespread adoption of the 

wheel does not appear to have taken place before the thirteenth century, and then 

at different rates in different parts of Britain. One of the principal reasons for 

using this technology as opposed to building by coil is one of speed of 

manufacture. A coil built pot, properly finished and smoothed is a perfectly 

serviceable item of crockery which fires well and can perform well in use, 

however its manufacture, while not difficult, is time consuming. Discussions 

undertaken with a working potter, as part of this research, indicate that an open
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jar of the type usually associated with cooking can be constructed using coils in 

approximately thirty minutes: a vessel of similar size and weight can be wheel 

thrown in three (Hutcheson. pers. comm). Improvements in temper certainly 

allowed the adoption of this technology, but it would seem likely that market 

pressures and the need to produce pottery in greater quantity was the prime 

catalyst. Despite this, the use of hand forming as a construction method 

continued throughout the thirteenth century, in ever decreasing proportions, 

principally in the manufacture of'cooking pots' (Vince: 1991: 133).

The use of the wheel by potters working in Gwent and Glamorgan is a little 

difficult to date precisely but is almost certainly not before the thirteenth century. 

In dating the assemblage from Langstone Castle near Newport, Gwent, Paul 

Courtney feels that the jars of fabric A2 are, ".... unlikely to date before the late 

thirteenth century as they are wheel thrown" (Courtney: 1994: 22). Set against 

this must be placed Alan Vince's assessment of the Vale of Glamorgan fabrics 

found at Chepstow, classified by Vince as fabric Hh and Hg. Fabric Hh dates 

from the late twelfth and early thirteenth centuries and consists of handmade 

pitchers; whereas vessels of the similar fabric Hg, dating slightly later to the 

early thirteenth and fourteenth centuries, but probably manufactured near to 

fabric Hh, are wheel thrown (Vince: 1991: 100). It would appear that while the 

majority of south Walian wheel thrown pots are produced in the second half of 

the thirteenth century at least some potters were utilising the wheel at an earlier 

date.
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2.3.3 Kilns

The final major area of thirteenth century technological improvement was in 

firing the pottery. Research carried out by John Musty in 1974 remains an 

invaluable starting point for any discussion of medieval kiln technology, and 

Musty's classification of kilns into five types is still widely used and accepted. 

Musty notes that the widespread use of highly efficient, updraught kilns in 

Britain during the Roman period seems to have suffered a decline, particularly in 

the west of Britain, from the fifth century. While there is some evidence for the 

re-emergence of this technology in Saxon East Anglia, a tradition which 

continued in use through to the early thirteenth century, and possibly beyond, the 

principal method for firing pottery in Britain was Musty's type 5 kiln, otherwise 

known as the 'clamp' kiln. This type of kiln is essentially a hole in the ground 

into which pottery is loaded, covered with wood for fuel and topped off with turf; 

the wood is lit and left to burn away, firing the pottery as it combusts. While this 

type of kiln can produce adequate pottery it has a number of clear disadvantages. 

The temperatures of these kilns are not great; generally they do not exceed 800° 

C. This temperature is high enough to alter the chemical bonds of the clay 

matrix and produce ceramic material, but conventional texts indicate that this is 

not hot enough to produce good quality glaze, which requires a temperature of 

around 950° C. This may, however, be oversimplifying the situation as an 

experiment carried out at Leeds in 1967 by Mayes showed that a type 5 kiln is 

capable of producing glazed ware. Moreover, the 'clamp' produced the best
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pottery of the entire experiment, which fired replicas of a number of different 

types of medieval kiln (Mayes: 1967).

There are, however, other fundamental problems with 'clamp' kilns which would 

encourage potters to work with more sophisticated designs. This type of kiln is 

still in widespread use in northern India and Pakistan and it has been observed 

there that the kilns are extremely susceptible to variations in the weather. A 

simple change in wind direction or speed can cause a huge rise in temperature 

within the fire and threaten the entire load of pottery, as can a shower of rain 

which has an equally dramatic, lowering, effect on the temperature. Even in 

good conditions, potters using these kilns will occasionally face a loss of 

between 25 % and 50% of the load (Rice: 1987: 173).

The addition of a separate firebox, or flue, together with a chimney allows hot 

gas to flow through the kiln or oven chamber; this is the updraught kiln. In this 

kiln, the potter has considerably more control over the temperature, as heat can 

be both contained and sustained, allowing for higher temperatures to be 

achieved. The temperature rise and fall can also be more carefully controlled and 

when necessary, the atmosphere in the kiln can be altered by vents, adding or 

removing oxygen from the oven chamber.

In Musty's classification, the simplest of these updraught kilns are the type 1 and 

2. In both the oven chamber is essentially a pit, with a low wall surrounding the 

chamber. They are generally open topped, through which the pots to be fired are
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loaded, and have temporary roofs of tile or pot sherds for firing. They differ in 

the number of flues, a type 1 having a single flue and a type 2 having two 

'opposed' flues.

Flue

Figure 1: Type la kiln (after Musty) with flat oven floor, 
based on a kiln found at Cox Lane, Ipswich

1 T »,

it ' r

»- Flue Oven

*'

Flue

Figure 2: Type 2a kiln (after Musty) with flat oven floor, 
based on Laverstock kiln 5

There are a number of subdivisions in both types, essentially concerning the floor 

layout of the oven chamber, depending on whether the floor is flat or raised.
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Figure 3: Type Ib kiln (after Musty) with raised oven floor, allowing hot air to 
circulate below the kiln load. Based on Kiln 1, Torksey, Lines.

Figure 4: Type 2b kiln (after Musty) with raised oven floor. 
Based on the Ham Green kiln, Glos,

Musty type 3 kilns are considerably larger, have multiple flues, at least three but 

normally five or six and are built above ground. The larger size of these kilns 

allows for them to be built as a permanent dome structure, giving a fixed roof 

and chimney, pot loading being achieved through a side door or opening.
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Flue

Flue

Flue

Flue

Figure 5: Type 3 kiln (after Musty), based on Kiln 2a, Cowick, Yorks.

The final kiln type, 4, consists of double flued kilns, but in this case they are 

larger than type 2s and the flues are parallel. As with type 3 kilns these tend to 

be permanent, above ground structures and are often associated with tile 

production (Musty: 1974: 41 - 65).

Figure 6: Type 4 kiln (after Musty), based on the Lyveden kiln, Northants.
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With regard to dating, Musty feels that the type 1 was in use prior to the Norman 

Conquest of the late eleventh century. Types 2 and 3 were thirteenth century 

introductions with the type 3s persisting into the post-medieval period and finally 

the type 4 kilns being seen as late or post-medieval. The type 5 or clamp kilns 

are viewed as being common throughout the early medieval, medieval and post 

medieval periods, their simple technology being appropriate for cruder 

earthenware pottery regardless of time or place. Perhaps most intriguingly, 

Musty has attempted to draw a distribution map of medieval kilns and some clear 

regional trends have emerged. The type 1 kilns are concentrated in eastern 

England, the type 2 kilns are found in southern England, the West Country and 

the Midlands, with a few examples found in the north-west, Ireland and Scotland. 

Type 3s are mainly found in Yorkshire and type 4s appear to be predominantly a 

Sussex type. No kilns are recorded by Musty in Wales, although the closest on 

his map are the type 2 kilns of Bristol Ham Green. Indeed, the kilns in use by the 

potters of Gwent and Glamorgan are proving to be problematic. By the 

thirteenth century there was clearly a well established pottery industry in the 

region but, to date, very little direct evidence for kilns has emerged. Certainly a 

number of production centres can be inferred on the basis of distribution maps 

and, to a lesser extent, place name evidence but solid, archaeological evidence is 

notable for its paucity.

Of the evidence we do have, the best is the kiln at Penhow, excavated by 

Wrathmell and reported in 1981. A concrete path has destroyed a great deal of 

the kiln but what is left is a circular pit dug into the natural clay. The pit, which
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forms the oven is around 2 metres in diameter, it has sloping sides and a flat 

base; there is a raised central spine. The sides were lined with clay and a burnt 

layer, later identified as oak ash, was found on the floor. Wrathmell did not note 

any evidence of either superstructure or flues, but did note the similarity of the 

surviving structure in this kiln to examples at Potterspury in Northamptonshire 

and Nettleden in Hertfordshire. The kiln was dated to the late thirteenth or early 

fourteenth centuries (Wrathmell: 1981). If this similarity is to be accepted, then 

one should expect this kiln to have two opposed flues, the raised spine making it 

a Musty type 2b, a conceivable model given that the kilns of Bristol are of this 

exact type. Of the remaining kilns of south east Wales, Monmouth 

Archaeological Society believe they may have located a kiln in Monmouth town 

centre and may possibly, based on a re-evaluation of previous excavation notes, 

have overlooked a kiln some years ago, also in Monmouth town (Clarke: pers. 

comm). This society was also involved in the excavation of a probable clamp 

kiln at Well Farm, Grosmont (Clarke: 1989). As of March 2002, it is probable 

that two further kilns can be added to the list, again through the efforts of 

Monmouth Archaeology, the commercial arm of Monmouth Archaeological 

Society. During a watching brief at Caerleon, a kiln initially thought to date 

from the twelfth century but now re-dated to the thirteenth century has been 

excavated, while a thirteenth century kiln has been partially unearthed at 

Overmonnow, a short distance outside Monmouth. This latter kiln is interesting 

in that in April 2003 a clamp kiln was uncovered in close proximity to it (Clarke: 

pers. comm). It would appear from waster evidence that this clamp was firing
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glazed vessels of a quality and type similar to its technologically more advanced 

neighbour.

2.4 The Expanding Market for Pottery

The technological improvements discussed above were undoubtedly brought 

about by the need to produce pottery in ever increasing amounts during the 

thirteenth century. Given the lack of adequate records, estimating the size of 

medieval populations is always difficult. Despite this, some consensus has been 

reached. The population of Britain in 1100 is generally agreed to have stood at 2 

million, by 1200 this had gradually increased to 3 million. The thirteenth century 

would, however, see a far more rapid rise in the population. Estimates for the 

population in 1300 vary but they are generally within the range of 5 - 6 million, 

almost double the figure of 100 years before. An economic boom which saw the 

wealth of the upper classes grow dramatically in the thirteenth century is clearly 

partly responsible, as this robust economy would have an impact on the lower 

strata in society (Dyer: 1989: 29). The peasant class would have seen their own 

standards of living improve, if only slightly, by the buoyant economy; this in turn 

seems to have prompted the population expansion together with changes in 

pastoral practice. This period coincides with one of woodland clearance and the 

farming of land that was previously considered unsuitable for arable production. 

Two Glamorgan examples of this trend are the house platforms at Dinas Noddfa, 

Gelligaer and Cefn Hirgoed, near Bridgend (Walker et ah 1997: 21). Given 

these conditions, the opportunity for potters to expand their market was obvious.
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Christopher Dyer has argued that in England, peasants relied on the market 

system for almost all produce by 1200 (Dyer: 1986). The situation in Wales was 

different and urbanisation, even with de Clare intervention, was lagging some 

way behind England. In Glamorgan, at least, the urban economy was limited to 

the coastal strip until the de Clare consolidation widened the markets to include 

the upland areas in the middle years of the thirteenth century, and even then, 

trade would appear to be far less extensive than in England. English towns 

tended to be supported by large rural populations feeding into the market towns 

through the medium of village markets and fairs. In Wales the towns were 

surrounded by comparatively small rural populations; they were, as Beresford 

points out, pockets of urbanism with empty land between. The basis of 

economic support for the Welsh towns was the castle borough, carrying out a far 

more limited trade with a lower density population, albeit spread over a larger 

cachement area than their English counterparts (Beresford: 1988: 347). 

One possible side-affect of this Welsh market system on potters may be seen in 

the rather limited range of vessel types being produced in the region. By the 

middle years of the thirteenth century potters in the Midlands, the West Country, 

southern and south eastern England had all begun to expand the range of vessels 

they produced. In addition to the jars and pitchers which still made up the bulk of 

their produce, vessels such as cressets, aquamaniles, cruets, chafing dishes and 

costrels were now being made in increasingly large numbers. Generally, these 

new vessels were traditionally made in pewter, or occasionally leather and are 

associated with a more affluent standard of living. Aquamaniles for washing 

hands between courses, chafing dishes for keeping side food warm and cruets for
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condiments, are all very much higher-status items found on a "top table" at a 

banquet and not normally at a peasant table. Even costrels, vessels for carrying 

liquid refreshment while travelling, would not usually find a place in a peasant 

household where the owner would, presumably, find himself restricted to a 

relatively limited geographical area. The presence of these normally high-status 

pewter forms, replicated in ceramic a material associated with a peasant or 

lower-status lifestyle, has to be explained.

Christopher Dyer has noted that the general economic boom of the thirteenth 

century had filtered down to include the better off peasants by the 1250s. As 

well as a significant increase in the consumption of household goods, a number 

appear to have had access to considerable sums of money, at quite short notice. 

As an example, tenants of Gloucester Abbey were, in the mid-thirteenth century 

willing and able to pay upwards of 5 Marks (£3 6s. 8d) to convert their tenancies 

to freehold. In the same sale, some properties required the payment of 25 Marks, 

a sum which appears to have been well within the reach of a number of them 

(Dyer: 1989: 178). This is not to suggest that all thirteenth century peasants were 

this comfortable, indeed many would not have seen any change in their living 

standards. It would nevertheless be true to say that a significant sub-class of 

peasants were in an enviable position, living in substantial houses and even 

providing a generous retirement fund for themselves (Dyer: 1989:184).

It is feasible to suggest that this group of consumers, the upper-peasantry, may 

have had social aspirations that encouraged them to accumulate the trappings of
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wealthier groups in medieval society and they may have created the market for 

the ceramic replicas of pewter vessels noted above. This class of ware is found 

over much of south, south-east and south-west England. Aquamaniles are known 

as far west as Hereford, while the kiln at Laverstock produced most of the 

pewter-replica forms (Musty et al: 1969). To date, few of these forms have 

appeared in a context that suggests they were manufactured in Wales, although 

the aquamanile spout recovered from Langstone, Gwent may be of local 

manufacture (Redknap: 1991: 105). Those vessels which are known such as the 

costrel recovered from the moat of Cardiff castle by Bute in the late nineteenth 

century have been assigned to a kiln in the West Country.

Broadly speaking, the thirteenth century potters of Glamorgan and Gwent 

continued to manufacture simple vessel forms such as pitchers and jars, even the 

decoration on these vessels is more limited and simple than contemporary 

English vessels. While it is unwise to speculate too much on possible reasons for 

this difference, part of the answer must lie in the relatively low population of 

south Wales when compared to England and, as a consequence, different market 

exchange mechanisms. Certainly the potters of Laverstock, who seem to have 

been adventurous in their choices of decoration as well as the variety of goods 

they produced, would have had access to the large and increasingly wealthy 

markets of Salisbury and Winchester. If a potential purchaser of the more exotic 

ceramic forms, such as an aquamanile, is to be found he or she is more likely to 

be in an area of high population and relative wealth giving the Laverstock potters 

an incentive to produce such goods.
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The population of south Wales, and therefore the potential market was 

undoubtedly much smaller. As previously noted, the castle boroughs were the 

main supporters of the Welsh market system with relatively little rural market 

trade taking place. Further, given the low rural population and the fact that 

throughout much of south Wales the only land of any quality was found along 

the coastal strip, a low yield of farm production would seem likely. It would 

seem reasonable to suggest then, that life in thirteenth century Glamorgan would 

be far closer to a subsistence level than would be the case in places like Oxford. 

Higher-status peasants with surplus wealth to spare on trappings such as pewter- 

replica wares would probably be a rarity in Wales and with no outlet for this type 

of product, potters in Glamorgan and Gwent concentrated on their core business, 

producing simple form jars and pitchers.
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Chapter three

The Pottery Fabrics and Forms of Gwent and Glamorgan



3.1 Introduction

The following notes give fabric, form, decorative and distribution details for the 

major pottery groups of Gwent and Glamorgan in the thirteenth century and 

referred to during the course of this study. Twelfth century fabric groups, such 

as the early wares from Penhow, Gwent or those from Llantrithyd, Glamorgan 

while referred to within the text, were not specifically examined either by hand 

or via chemical analysis and have not, therefore, been included in this fabric list.

The information has been gathered from a number of published sources including 

Archaeology in Wales, Medieval Ceramics, Archaeologia Cambrensis, the 

Bulletin of the Board of Celtic Studies, Studia Celtica and Medieval and Later 

Pottery in Wales. The last major survey of medieval ceramics in Wales was 

carried out by Papazian and Campbell between 1990 and 1992 with funding from 

The Board of Celtic Studies and was eventually published as Volume 13 of 

Medieval and Later Pottery in Wales. Sadly, little has been published since that 

date which significantly adds to the survey. It is one of the plagues of modern 

archaeology that post-excavation research and the ultimate publication of the 

results is severely lacking. This is especially so in the case of ceramic studies 

where the shortage of those willing to undertake research in this field has led to a 

paucity of good, published pottery reports. The notes below will attempt to recap 

and, where possible supplement the Papazian and Campbell survey.
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3.2 The pottery of Gwent 

3.2.1 Monnow Valley Ware

First identified as a potential ware by Jeremy Knight (Clarke. pers. comm.) but 

eventually characterised by Steve Clarke of Monmouth Archaeology (Clarke: 

1987 & 1991) this ware is the dominant type in eastern Gwent. There are a 

number of finds locations within the Monnow Valley itself as well as distribution 

areas to the south and west (see below). A number of kilns producing the later 

A5 fabric have been identified at Monmouth and its immediate vicinity which are 

associated with this ware as well as kilns in Grosmont which probably produced 

a variant (Clarke: pers comm.). A waster from Trelech (Howell: 1989) would 

indicate that a further variant was produced in or near this town as well, an 

hypothesis which would tend to be confirmed by the chemical analysis carried 

out as part of this study (see Chapter 8 below). A number of different fabric 

types within this ware have been identified.

Fabrics

i) Al

Fabric: Reduced with black surfaces. Surfaces are rough with a pimply texture.

Inclusions are angular to sub-angular quartz: occasional iron-ore and feldspar.

Forms: Jars with usually everted rims, typologically similar to early Malvernian

pots.
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Distribution: Full extent unclear but present in Monmouth and a number of 

locations to the east (Clarke: 1991: 32)

ith thDate: Late 1 l m - early 12tn century

ii) A2

Fabric: Oxidised dark or red-brown surfaces with grey core, occasionally fully

oxidised. Smoother surface than Al fabric. Inclusions are mainly as Al but

larger with occasional sandstone fragments.

Forms: Jars with everted rims and rounded outer edge.

Distribution: Centred on Monmouth but with examples at Abergavenny,

Littledean and Lydney in Gloucestershire and Upton-Bishop, Herefordshire.

Date: Early 12th century.

V / /

J

r
Figure 7: A2 Fabric jars (Clarke: 1991: 33)
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iii) A3

Fabric: Usually oxidised throughout but with occasional reduced cores surfaces

are buff to dark-brown. Inclusions are as A2 with large angular and sub-angular

quartz and sandstone fragments.

Forms: Jars with everted rims and square outer edge.

Distribution: Limited but centred on Monmouth

Date: Late 12th - early 13th century

iv) A4

Fabric: Black core with light-brown to brown outer surfaces. Inclusions are

sub-angular quartz and angular limestone with occasional angular sandstone.

Fabric is equated with Gloucester fabric TF110 (Vince: 1984).

Forms: Jars of cylindrical form with everted rims

Distribution: As A3

Date: Mid 13th century.

v) A5

Fabric: Oxidised with orange-brown to red-brown surfaces, hard fired and

smooth. Inclusions are very fine quartz and quartzite. Fabric is equated with

Chepstow fabric Hs (Vince: 1991).

Forms: Heavy jars with infolded rims. Baluster jugs (MPRG: 1998) with

complex rouletting decoration during third quarter of 13th century. Rouletting

patterns noted include, rectilinear, curvilinear, scroll and fleur-de-lys. Jugs have

deep, olive green glaze.
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Distribution: Centred on Monmouth with kilns noted within the town and at 

Overmonnow immediately outside the town. Examples of the main cluster as far 

west as Abergavenny, south to Trelech and north to Skenfrith. Small but 

significant clusters also noted at Chepstow, Cardiff and north Gower and beyond 

(Kissock: 1994;Papazian: 1992; Ho well: 1989). 

Date: Early - mid 13th century through to early 14th century. Rouletting c 1240 -

c!275

vi) A5B

Fabric: As A5, except reduced firing giving a hard, smooth grey to dark-brown

surface with grey core.

Forms: As A5

Distribution: As A5

Date: As A5

vii) A5B (i)

Fabric: As A5B except obvious sand inclusions making this fabric slightly less

smooth than other A5 types.

Forms: As A5

Distribution: Distribution centred on Trelech and appears to be a variant of

Trelech A5B (see Chapter 8)

Date: As A5
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Figure 8: MVWA5 jug from Llanelen, Gower 
(Kissock: 1994: 11)

Uantwit
30 Kilometres

Map 2: Distribution range of MVW-A 5 fabric, indicated by red dots
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3.2.2 Usk Fabric

First noted by GeoffMein of the Usk/Trostrey excavation Group working at 

Trostrey Castle to the north of Usk and described by Paul Courtney (1994) from 

excavations at Usk, this ware has a relatively small distribution area within the 

Usk valley and its environs. No kiln site has yet to be identified, although the 

later post-medieval kilns at Gwehelog may provide a potential starting point.

Fabrics

i) Usk A

Fabric: Partly oxidised with reduced cores the surface colour is buff to light- 

brown. The surface is rough and moderately hard firing. Inclusions are derived 

from local sandstone with medium rounded sandstone grains, sand quartz and 

rarely larger sub-angular sandstone fragments. Patchy and thin light or apple 

green glaze is present on many vessels. Fabric is equated with Courtney A2 

(1994) and possibly Evans Fabric E at Caerleon (1982). 

Forms: Rounded jugs.

Distribution: Centred on Usk itself but significant quantities to the north at 

Trostrey and south in Caerleon 

Date: Early to late 13th century.
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UskB

Fabric: Reduced fabric, hard fired and dark brown colour. Occasionally 

oxidised patches. Inclusions are locally derived rounded sandstone grains, sand 

and quartz, sparse sub-angular sandstone fragments. As with Usk A, surface is 

rough. No discernible glaze.

Forms: Rounded jugs and jars with large, wide everted rims similar to 

Laverstock 13th century (Musty: 1969) but with flat, rather than round, bases. 

Many jars show heavy sooting. 

Distribution: As Usk A 

Date: As Usk A.

Llantwit
30 Kilometres

Map 3: Distribution range of Usk Fabric, indicated by red dots
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3.2.3 Penhow Ware

Stuart Wrathmell first identified this fabric in 1981 using wasters from a kiln 

adjacent to Penhow castle, which he excavated and recorded (Wrathmell: 1981). 

The kiln, the first to be excavated in Gwent, has a raised floor so can be 

identified as probably belonging to either the Musty type 1 b, if it has one flue or 

2b, if it has two. Details of the flue arrangements were lost prior to excavation so 

a further refinement cannot be made at this point. This kiln has been discussed in 

Chapter 2 above. Only one fabric type has been identified from this source 

although a similar, but earlier, fabric has been noted by Alan Vince at Chepstow 

where it is catalogued as type Ha (Vince: 1991).

Fabric: Most sherds are reduced throughout and are mid to dark grey in colour. 

Occasional examples are oxidised with buff to orange surfaces. The surfaces are 

relatively smooth and are hard-fired. Inclusions are small to medium sub-angular 

quartz with the base clay being very micaceous. This fabric equates to Vince's 

Ha.l at Chepstow (Vince: 1991).

Forms: Mainly jars with heavy, slightly everted rims, occasionally the rims are 

concaved on their upper surface. Occasional rounded jugs showing both pulled 

and applied spouts. Decoration usually takes the form of an incised wavy line 

running around the neck but occasional examples have applied batons running 

vertically down from the rim and a few are rouletted.

56



Distribution: Limited distribution range taking in Penhow, Caerwent and 

Chepstow. Earlier form (Vince Ha) seems to have had a wider distribution (see 

discussion in Chapter 1 above). 

Date: Mid 13th to early 14th century.

Figure 9: Penhow jar showing concaved, everted rim 
(Wrathmell: 1981: 5)

Figure 10: Penhow jar showing wavy line decoration 
(Wrathmell: 1981: 5)
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Figure 11: Penhowjar showing variation on wavy line decoration
(Wrathmell: 1981: 5)
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: Distribution range ofPenhow ware, indicated by red dots.
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3.2.4 Langstone Fabric

The pottery from Langstone was recovered by Leslie Alcock in 1964 but had not 

been published; Kevin Blockley and Paul Courtney eventually published the 

report in 1994, using Alcock's notes. This fabric is included here as it has an 

unusually small distribution range and has not, to date, appeared in any other 

assemblage. Three fabrics were identified by Courtney (1994: 21-22)

Fabrics 

i) Al

Fabric: Oxidised surfaces with reduced cores. Soft fabric with smooth soapy

feel. Inclusions are rounded and sub-angular quartz and abundant mica in the

base clay.

Form: Jars. (No other details given)

Distribution: Highly localised around Langstone.

Date: No secure dating but probably from mid 13th century.

ii) A2

Fabric: Oxidised surfaces with reduced cores. Hard fired with imply surface. 

Inclusions as fabric Al above. 

Form: Jars. (No other details given)
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Distribution: As Al above

Date: As Al above, but Courtney feels late 13th Century on technological

grounds.

iii) A3

Fabric: Oxidised throughout. Inclusions similar to Al and A2 above but quartz 

fragments larger. Fabric is glazed. 

Forms: Jugs (No other details given) 

Distribution: As Al above 

Date: As Al above

Uantart
30 Kilometres

Map 5: Location ofLangstone indicated by red dot
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3.2.5 Isca Grange, Caerleon

As with the Langstone ware above, this fabric is included due to its apparently 

small distribution range with, once again, no known examples in neighbouring 

assemblages. A further point of interest for this fabric is its association with a 

kiln site, one of the few confirmed in the area. Identified by Steve Clarke of 

Monmouth Archaeology this kiln was initially assigned a twelfth century date 

but this has since been revised (Clarke: 2001: 81 - 83)

Fabric: Hard fired and oxidised surfaces with occasional reduced cores, colour

buff to mid brown on surfaces with grey cores. Inclusions are abundant angular

and sub-rounded quartz with occasional iron ore.

Forms: Jars, jugs, and an incurved dish comparable with, but not similar to,

examples from Cosmeston. Rim form on jars similar to examples from Bristol

Ham Green.

Distribution: Highly localised and probably limited to Caerleon. Fabric

possibly equates to Evans Fabric A at Caerleon Fortress Baths (Evans: 1982)

Date: 13th century.
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3.3 The Pottery of Glamorgan 

3.3.1 Vale Fabric

If Monnow Valley Ware is the dominant fabric type in Gwent then Vale Fabric 

enjoys a similar position in Glamorgan. Apparently produced in a number of 

centres throughout lowland Glamorgan this fabric type is remarkably 

homogenous in form, construction, inclusions and date range. It has a 

widespread distribution, so much so that the terms South Glamorgan Ware 

(Vince: 1984 & pers. comm.) or even Glamorgan Ware (Freeman: 1996) are 

becoming more relevant than the term, Vale Fabric. To date no kiln sites have 

been identified although wasters from Llandaff, west Cardiff (Young: 2001) may 

point to a kiln near there, as does the place name Crockherbtown lying 

immediately outside the eastern town walls of medieval Cardiff. Further 

production centres are assumed near Barry (Papazian: 1992: 75) and Swansea. 

Lewis and Vyner (1979) made one of the earliest suggestions that there was a 

distinct medieval pottery tradition in the Vale of Glamorgan. This was later 

further refined by Vyner when the fabrics were described and the vessel forms 

catalogued (Vyner: 1982). A number of sites throughout Glamorgan and Gwent 

have produced examples of this fabric although the largest single assemblage is 

from Cosmeston near Barry. The two fabrics identified are probably products of 

two separate kilns (Price & Newman: 1985: 17)
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Fabrics

i) Vale Fabric I (VF1)

Fabric: Hard fired, oxidised and generally smooth, surface colour varies from

buff through to orange and terracotta while cores are either of a similar colour or

more commonly reduced to grey. Inclusions are fine sand with no large

fragments of any kind present. Glazes are thin and light to mid-green. Equates

with Vince (1991) fabric Hh.

Forms: Jars with short, inturned rims with external beading. Rounded jugs and

occasional incurved dishes. Decoration limited but usually incised parallel or

wavy lines and thumb marks around base.

Distribution: Widespread throughout Glamorgan with examples known at

Chepstow.

Date: Vyner (1987) suspects late 12th century but most examples from 13th into

early 14th century.

ii) Vale Fabric II (VF2)

Fabric: Softer and more friable fabric than VF1 above but inclusions similar.

Colour is a uniform chocolate brown throughout.

Forms: Jars with short everted rims, generally simpler in form that VF1.

Incurved or 'West Country' dishes far more common in this fabric. Decoration

asVFl.
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Distribution: Far more limited than VFl only travelling west as far as Kenfig 

and clustering around Barry and Cardiff. 

Date: As VFl above.

\

Figure 12: Less common VFl fabric jar 
(Price & Newman: 1985: 12)

Figure 13: Common form ofVF2jar showing rounded base 
(Vyner: 1982: 33)
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Figure 14: Bottom of VF1 jug from Llandough 
(Vyner: 1982: 35)

i—-

Figure 15: VF2 fabric incurved dish from Cosmeston 
(Price & Newman: 1985: 12)
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Map 6: Distribution range of VF1 fabric, indicated by red dots
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Mop 7: Distribution range of VF2 fabric, indicated by red dots. Note more 
limited distribution as compared with VF1, Map 6 above.
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3.3.2 Kenfig Fabric

This fabric is similar to the Vale Fabrics discussed above, having a similar 

makeup and inclusions. There are, in addition, close parallels in both forms and 

fabric variation meaning that it might properly be considered part of the wider 

Glamorgan ware noted in Vale Fabric (3.3.1) above. The fabric was defined by 

Francis and Lewis (1984), who examined the sherds recovered from excavations 

carried out by the Aberafan and Margam District Historical Society in the 1920s. 

The majority of the sherds recovered during the 1920s were fine wares with very 

few coarse wares in evidence. Recent excavations by the Kenfig Society have, 

however, added considerably to the stock of coarse wares available for study. 

The presence of a 'leather hard' unfired sherd immediately outside the scheduled 

area probably indicates a kiln producing Kenfig A fabric nearby (see Chapter 8 

for details).

Fabrics

i) Kenfig A

Fabric: Hard fired and oxidised surfaces with a reduced core, surface colours are 

buff to orange with grey cores. The surface is sandy to the touch. Inclusions are 

sand with sparse angular quartz and sandstone fragments; there are occasional 

clay pellets. Glazes are thin and light green, occasionally brown and often
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speckled in appearance. Equates to Vince (1991) fabric Hg and Francis and

Lewis (1984) Fabric A.

Forms: Mainly rounded or squat baluster jugs. Occasional unglazed jars with

short everted rims. Decoration on jugs takes the form of applied clay strips,

either thumbed or in chewon form (see figures 16 and 17 below), applied pellets

or wheel form stamps.

Distribution: Centred around Kenfig but examples known from Gower and

significant assemblage at Chepstow.

Date: Early 13th to late 14th century. Common in 14th century contexts at

Chepstow (Vince: 1991).

ii) Fabric B

Fabric: Hard fired fabric oxidised throughout and dark grey to dark red in

colour. Inclusions are fine with sparse sand. Fabrics are always unglazed.

Possibly equates to Francis and Lewis Fabric H.

Forms: Jars with short everted rims, flat tops and bevelled edges.

Distribution: Limited to Kenfig and its immediate vicinity.

Date: No secure contexts but probably similar to Fabric A above.
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Figure 16: Kenflg Fabric A jug from Kenfig Castle 
(Francis & Lewis: 1984: 3)

Figure 17: Probable Kenflg Fabric A jug from Pennard Gower, note decorative 
similarities with Figure 16. (Sell: 1983: 66)
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3.3.3 Gower / Lower Tawe Fabric

This fabric type was first identified and described by Lewis and Vyner (1979) at 

Loughor Castle, where eleven fabric groups were proposed and given the name 

Loughor Ware. The identification was later revised by Vyner (1993) where the 

number of fabric types were rationalised and given the name Gower/Lower Tawe 

Ware to better reflect its distribution range. It is commonly found on sites in 

Gower but does not appear to travel east into the Vale of Glamorgan giving it a 

quite limited distribution range.
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Fabrics

i) Limestone Gritted

Fabric: Fabric is soft and friable, surfaces are generally grey but occasionally

present as buff. Inclusions are sub-angular medium to large limestone fragments

and other calcite grits. There is some surface leaching of the limestone leaving

cavities.

Forms: Jars with relatively thick walls and simple rim forms.

Date: Late 12th or early 13th century.

Distribution: Limited to Loughor and its immediate vicinity, not seen west of

Loughor.

ii) Calcite Gritted

Forms: Harder fired than the Limestone Gritted fabric above, colour is generally 

grey but with some surfaces showing light brown or orange. Inclusions are 

medium quartz and calcite grit with occasional sand and sub-angular gravel 

fragments. Equates with fabric B at Rhossili (Sell: 1987) 

Forms: Jars with occasional bell flare on rim. 

Date: As fabric i) above

Distribution: Probably as fabric i) above. From description only, however, may 

also be present at Swansea, Newcastle (Bridgend), Coity and Neath castles 

(Vyner: 1987: 28)
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iii) Sandy Gritted

Fabric: Hard fired fabric, surfaces are dark grey to dark brown with occasional

buff to grey cores. Inclusions are numerous small to medium sandy grits,

occasionally calcitic.

Forms: Jars with simple rims, occasional internal bevel.

Distribution: Local to Loughor.

Date: As fabrics i) and ii) above.

iv) Quartz Gritted

Fabric: Hard fired and reduced, surfaces and cores are grey to dark grey.

Inclusions are a profusion of rounded and angular quartz.

Forms: Jars with slightly everted rims and occasional inner concave bead for

lids.

Distribution: Appears to be local to Loughor

Date: Late 12th to early 14th century.

v) Flat Gravel

Fabric: Soft and reduced throughout both core and surface are dark grey. 

Inclusions consist of a profusion of thin flat rolled gravel platelets, possibly from 

an alluvial source. Vyner notes that this fabric is extremely coarse. Equates with 

fabric G at Rhossili (Sell: 1987)
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Forms: Jars with heavy, slightly everted rims. 

Date: Late 12th or early 13th century. 

Distribution: Local to Loughor and north Gower.

3.3.4 Rumney Fabric

As at Loughor above, this is a fabric originally assessed by Vyner in the late 

1980s and then re-assessed some time later, in this case in 1992. In the later 

fabric definitions three fabrics are noted two of which occur in twelfth century 

contexts at Rumney Castle although all are found in thirteenth century contexts. 

As with many wares the distribution of this fabric is highly localised.

Fabrics

i) Rumney Gritted Ware

Fabric: Hard fired and brittle this fabric is reduced throughout with grey cores

and surfaces although occasional orange patches are noted. Inclusions are a mix

of sand and quartz and while most are small and rounded there are some large

sub-angular quartz fragments on the outer surfaces.

Forms: Jars with simple rims.

Date: Noted from late 12th century with examples occurring in mid to late 13th

century at Rumney
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ii) Rumney Smooth Ware

Fabric: Surfaces grey to brown often with orange surface patches, cores are grey

to grey-brown. Surface is smoother that Rumney Gritted Ware and are possibly

wiped prior to firing. Inclusions are similar to Rumney Gritted Ware above.

Forms: Jars with mid length rims. Rims have an everted flare.

Date: As Rumney Gritted Ware above but far more common in 13 th century

contexts at Rumney.

Distribution: As Rumney Gritted Ware above

iii) Rumney Hard Ware

Fabric: Hard fired and brittle fabric, surfaces present as red to orange with grey

to brown cores. Inclusions are generally fine sand but with occasional small

sub-angular quartz and quartz grit.

Forms: Jars with short everted rims

Date: Found in mid to late 13th century contexts at Rumney

Distribution: Limited and may be restricted by competition from ubiquitous and

similar Vale Fabric.
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Chapter four

The Chemical Analysis of Ceramics



4.1 The chemical analysis of ceramics: a brief historical overview

The earliest usage of chemistry to examine ceramic artefacts can be traced to the 

mid nineteenth century when in 1853 A. H. Layard published, Discoveries in the 

ruins of Nineveh and Babylon; part of this study specifically examined the 

composition of the clay vessels. This was in contrast to studies by Faraday some 

years previously which had simply looked at the lead content of Roman pottery 

glazes. The first, 'modern' study of ceramic vessels was carried out in!895 by T. 

W. Richards who published a paper entitled, The Composition of Athenian 

Pottery' in the American Chemical Journal. This paper differed from previous 

studies in that it set out to examine the vessels with a view to determining their 

origin chemically (Rice: 1987: 311). The continuing history of ceramic analysis 

can be discussed in terms of technological advances in the detection equipment.

Traditional methods of chemical analysis, often referred to as "wet" chemistry, in 

which a sample is powdered, turned into a solution, mixed with chemical 

reagents and its composition deduced from observed reactions, have not played a 

significant part in the history of ceramic analysis. Despite its low cost and basic 

nature, no equipment other than test tubes, a suitable range of chemical reagents 

and a note pad are required; the technique has numerous disadvantages for the 

ceramologist. The main stumbling blocks are that the sample size required is 

large, around 1 gram, the method is time consuming and requires a well trained 

analyst to understand the implications of each reaction and finally, trace 

elements, the most useful in any provenance study, are extremely difficult to
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detect. In general terms, the most successful analyses are completed with the aid 

of equipment from the field of physical chemistry.

The earliest piece of apparatus brought into play was the microscope. Combined 

chemical and mineralogical studies were completed at the end of the nineteenth 

century by pioneers such as Bamps and Nordenskiold, which showed the value 

of using geological methods including petrographic thin sectioning to determine 

sources for both clay and temper. Their work was added to in the early twentieth 

century by Hawley in 1929 and 1930 and Anna Shepard, who worked with native 

American ceramics in the late 1930s and early 1940s (Rice: 1987). Microscopy 

as a technique was enhanced considerably in 1935 when Knoll produced the first 

scanned image of a surface using an electron beam. In 1938, Manfred von 

Ardenne published a paper which effectively laid the foundations of modern 

transmission and surface scanning electron microscopy. Von Ardenne's 

equipment was destroyed during an air raid in 1944 and it was left to a 

Cambridge academic, Charles Oatley, to refine the Scanning Electron 

Microscope (SEM) into a viable research tool (Smith: 1997). When coupled with 

an X-Ray probe, the electron microscope is elevated from its role as a simple 

observational tool and becomes a relatively powerful analytical device. In this 

guise, the microscope is capable of providing data concerning the actual 

chemical composition of the clay matrix in a piece of pottery, as opposed to 

simply showing the larger inclusions. From the 1950s, ceramic archaeometry, or 

ceramology has concentrated on using ever more sophisticated analytical tools to 

extract this compositional data.
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For the purpose of producing pottery, aside from fuel and production facilities, 

the essential requirements are a source of raw clay, water and temper; temper 

being additional or filler material used to supplement the raw clay. The water is 

evaporated off, both during the forming of the pot and, more completely, during 

firing, leaving the ceramologist the raw clay and the temper to examine. As 

noted earlier, clay is essentially decomposed rock, and as some rock samples 

have been shown to have a recognisable and unique fingerprint, the raw clay 

matrix was an obvious first target for chemists and ceramologists looking for 

similar fingerprints in pottery. The eventual aim of these studies was to match 

fingerprints within the vessels to the fingerprints of clay sources and, thus, give 

an indication of the place of manufacture for the vessel under study. Once this 

point had been reached, inferences could be made with regard to other issues 

such as trade links between the point of manufacture and the point of use. 

Recent studies have recognised, however, that the act of firing a clay alters its 

chemical makeup considerably, rendering direct comparisons between fired 

vessels and clay source difficult, if not impossible to determine. Evolving, and 

ever more sophisticated, statistical analysis techniques have been brought into 

play in recent years, and fingerprint studies now tend to concentrate on less 

ambitious but more realistic goals. In these later studies, ceramic vessels are 

simply grouped together into clusters, a technique discussed in greater depth in 

Chapter 5 below, and all trade inferences are made simply on the strength of 

these groupings and their relative 'find' location.
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4.2 The chemistry of clay

In order to utilise any of the analytical techniques to maximum effect, the 

chemistry of the raw clay and any chemical changes which may occur during 

firing must be considered, as must the influence of any later additions to the clay 

matrix by the potter, the temper. These processes must be allowed for in the 

final analysis of the data and compensations made.

Turning first to the most basic component, the clay, a simple definition, either 

chemically or geologically, is difficult to achieve. Prudence Rice in her study of 

1987 devotes three chapters, amounting to some seventy-nine pages to 

establishing adequate geo-chemical definitions of both raw clay and the finished, 

fired product. While that level of detail is certainly beyond the scope of this 

current research, a working definition is considered useful. Clay composition is 

usually discussed in terms of major, minor and trace elements. In essence, clays 

are decomposed rocks and, as the most common rock-forming minerals are 

silicates, it follows that clays are primarily composed of this mineral. Of the 

silicates, and forming around 39% of the rock-forming minerals on the Earth's 

crust, the most common is feldspar. This mineral is classed as an alumina 

silicate and consists of SiO2 and A12O3 in proportions that vary across the planet's 

surface. Together with iron (Fe), SiO2 and A12O3 make up the major elements in 

clay composition. A further group of elements make up the minors within clay. 

Magnesium (Mg) potassium (K), calcium (Ca) and sodium (Na) make up the 

bulk of this group, the latter three being present in feldspars, again in varying
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proportions. The trace elements consist of rarer materials, locked into the rock 

forming minerals at an early stage in the cooling of the planet and may include 

barium (Ba), cerium (Ce), lanthanum (La) and arsenic (As). It is this latter 

group, due to their relative rarity, which is most useful in identifying differences 

between clay matrices, the first two elemental groupings being essentially 

common to all clays (Rice: 1987; Lambert: 1997).

A working definition of clay then, is a substance consisting of rock fragments, 

themselves composed of chemical elements of varying concentrations and 

compositions, suspended in water. There is a definition of clay, used by 

geologists and soil scientists, which refers to the size of the relevant particles or 

rock fragments. If the suspension is composed of particles of less than 0.002 mm 

diameter it is accepted as a clay, other suspensions may include silt, with 

particles ranging from 0.002 mm to 0.05 mm and sand which is at the upper end 

of the range, having particles up to 2 mm (Pollard & Heron: 1996: 107).

While the ground, or absorbed, water noted above, which actually holds the clay 

particles in suspension, is the most obvious component of wet clay, there is a 

second source of water, less obvious but probably more important in terms of 

firing the clay and permanently transforming it into ceramic. A potter has to be 

aware of both types but most will only actively control the first. Clay in its 

natural state can be made drier or wetter by the simple expedients of adding or 

removing water, indeed drying clay into a powder and adding water to the 

required quantity is a common technique among potters, ensuring they have a
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plastic and workable medium. The second water type is that which is chemically 

locked into the clay matrix and this becomes crucial during firing. During the 

formation of the clay, oxygen and hydrogen molecules attach themselves to 

elements with the matrix, in particular the silicone and aluminium molecules. 

These four elements, O, H, Si and Al combine to make the basis for all usable 

potting clay. One of the best known of these, Kaolinite has a chemical formula 

which expresses this relationship well: Al2(Si2O5)(OH)4 (Rice: 1987).

Once the firing process begins, the absorbed water will evaporate off, at 

temperatures below 100 °C, leaving water in the form of hydroxyl molecules 

(OH) still bound into the structure of the clay. At temperatures around 400 - 600 

°C, the OH groups begin to lose their bond with the alumina silicates and re-bond 

with each other to form water (H2O) which is again lost through evaporation. By 

the time the temperatures in the kiln have reached 800 °C, the temperature at 

which earthenware is produced, the chemical structures of the clay will have 

reacted to the loss of the hydroxyls by recombining into aluminium and silicone 

oxides, represented by three primary groups; CaO, A12O3 and SiO2. It is this 

structure which, as a permanent and unalterable restructuring of clay, broadly 

defines ceramics (Pollard & Heron: 1996).

4.3 Data analysis: clay pit sourcing versus workshop sourcing

Given that clay and ceramic have quite different structures, it can be seen that 

attempts to characterise pottery chemically and subsequently to isolate and
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identify a source of clay, using samples of raw clay, will be difficult. 

Nevertheless, there have been a number of successful attempts in identifying the 

clay source for given vessels; recent work by Emerson and Hughes in the eastern 

United States, for example, has successfully challenged traditional views. Native 

artefacts, manufactured by the Chahokia were thought to have been 

manufactured from red stone derived clays originating in Arkansas, some 

considerable distance to the west, but the Emerson study has demonstrated that a 

local source is more probable. Chemical analysis identified a characteristic 

'chemical fingerprint1, unique to the Chahokia pottery and compared this 

fingerprint to samples of Arkansas bauxite, the supposed source for the clay. 

This comparison failed to find a match, whereas a sample from a clay pit within 

the Chahokia territory produced a near identical fingerprint (Emerson & Hughes: 

2000).

Despite the clear success of this project, it would remain true to say that many 

attempts at clay sourcing have results which are less convincing. The Emerson 

project worked as well as it did because the firing process did not affect the 

chemical elements selected for examination. Instead, Emerson and Hughes 

selected rare earth and trace elements for their analysis and tended to avoid the 

alumina silicates, which will have been altered by firing.

In order to remove any possibility of such chemical alterations affecting the 

results, the safest fingerprinting methodologies simply concentrate on comparing 

fired sherds with each other. Here little or no attempt is made to assign a
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particular ware or fabric to a clay source; instead the research concentrates on 

grouping sherds into clusters or families, based on similarities within the 

chemical matrix. If the origin of one or more sherds in the sample is known 

some useful comparisons may be drawn. If, for example, pottery waste found at 

or near a kiln site is tested for similarities with pottery found at another location, 

a positive match would allow inferences to be drawn with regard to trade routes 

between the kiln and the point of use. Usually known as workshop sourcing, this 

method of examination is more common than the clay sourcing noted above. A 

third, and final, approach simply compares sherds, often from a wide 

geographical area, and attempts to identify their relationship with each other by 

placing them in groups. This method makes no attempt to assign any fabric or 

ware to a specific source directly (Orton et al: 1993).

4.4 Non-destructive chemical analysis

A number of techniques are available to researchers in order to ascertain the 

fingerprint or 'chemical markers' of ceramic material. In general terms however, 

it can be stated that the tests which cause least destruction to the sample yield the 

least data and those which destroy the sample give far more useable information.

4.4.1 Optical Emission Spectroscopy (OES)

Of the non-destructive techniques, one of the earliest was carried out in the late 

1930s by P. D. Ritchie when he used Optical Emission Spectroscopy (OES) as an
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analytical tool to evaluate the composition of oriental pottery (Rice: 1987). The 

basic principles of spectroscopy as a technique were laid down in 1859 when 

Gustav Kirchoff and Robert Bunsen realised that each chemical element emits 

light at a particular, and unique frequency (Kirchoff & Bunsen: 1860 & 

Brothwell & Higgs: 1969). Optical spectroscopy, of which OES is one example, 

uses instruments to detect this emitted light, or spectra, and hence determine the 

presence of any given element. In order to force the sample to emit light spectra 

all spectrographic techniques have to excite the electrons within the elements 

which make up the sample. In the case of OES, this is accomplished by 

volatising the sample in a flame or an electric arc, the latter being more common 

as it is a little more controllable. The electrons emit light in the form of 

ultraviolet, visible and near infra-red which is collected by a prism and projected 

onto a photographic detector, where the individual wavelengths, or in other 

words, the elements present in the sample appear as black lines. The intensity of 

light emitted at each wavelength gives an indication of quantities present. 

Damage to the sherd under examination is minor, approximately 100 mg of 

material must be removed and powdered, but this allows for a reasonably 

comprehensive analysis. Somewhere between thirty or forty elements, depending 

on the detection equipment used, can be analysed. The elements are mainly 

metallic, which are ideal for pottery research and can be detected down to trace 

levels, or 100 parts per million (ppm). The equipment required is certainly 

widely available and the process relatively rapid, with little or no sample 

preparation being required. Its major disadvantage is its poor accuracy, a 

precision level of ± 10% is often not enough to distinguish between samples
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meaning that this is not a viable technique to carry out meaningful chemical 

fingerprinting exercises. Currently, OES is rarely used to investigate ceramics 

(Rice: 1987).

4.4.2 X-Ray Fluorescence Spectroscopy (XRF)

Among the other minimally or non-destructive methods, X-Ray Fluorescence 

Spectroscopy (XRF) has gained favour among a number of researchers. The 

process has two distinct forms, the more common Energy Dispersive technique 

(ED-XRF) and the less common, but more accurate Wave Dispersive form (WD- 

XRF). Each of these variations can be utilised in two ways. In the first, the 

sample can be placed into the equipment, with no preparation, and a surface scan 

can be carried out causing no damage, with the possible exception of a slight 

discolouration. This method is clearly ideal for the examination of ceramic 

glazes or when no more than a cursory analysis of the elements within the sample 

is required. If a more thorough examination of the sample is required then the 

second method, where the sample is powdered, mixed and converted into a pellet 

is preferable. This second method is clearly destructive to the artefact under 

scrutiny, but minimally so as sample sizes of < 50 mg are sufficient. Its 

advantage is that once powdered and mixed, a certain amount of homogeneity is 

given to the sample allowing a representative section of the complete sample, 

from core to surface, to be analysed (Pollard: 1996).
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The methodology behind both ED-XRF and WD-XRF is identical; where in OES 

the excitation of the sample is carried out using a flame or an electric arc in XRF 

spectroscopy the excitation is accomplished, as its name suggests, by X-rays. 

The detection no longer relies on visible light however, as in this process the 

samples are analysed on an atomic level. Each atom in the sample under study is 

comprised of a nucleus surrounded by electrons in a fixed orbit. The sample is 

bombarded with primary X-ray photons, converting a number of the electrons in 

the sample's atomic structure into photoelectrons. These are unstable and are 

ejected from the atom. Electrons from the outer orbit of the atom fill the 'hole' 

left by these ejected photoelectrons; the process of filling the 'hole' is 

accompanied by a secondary photon emission. It is this 'fluorescence' which is 

detected by the equipment in the form of an energy spectrum and, as in OES, 

each point in the spectrum refers to a unique and identifiable element. Once 

again, the intensity of each energy peak represents the quantity of any given 

element present within the sample (Pollard: 1996).

Earlier studies using XRF tended to concentrate on analysing complete sherds, 

sacrificing some accuracy but taking advantage of the relatively rapid analysis 

and low sample preparation time offered. Recently, however, there has been a 

move to analysing samples as powder pellets. This move has come about largely 

thanks to an increase in availability of the more powerful wave dispersive 

devices and also as a result of increasing costs in other tests, XRF tending to be 

extremely cost-effective. A series of studies carried out in the late 1990s in 

South Africa has championed the pellet method and demonstrated conclusively
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its ability to provide data which is suitable for chemical fingerprinting 

(Punyadeera et ah 1997).

Standard XRF equipment is widely available and low in cost. The technique is 

accurate, being able to detect eighty elements all above number 12 (magnesium) 

on the atomic table. The accuracy rate is never less than ± 5% and the detection 

limits extend down to trace levels, with results usually being expressed as parts 

per million (ppm). The only clear disadvantage in using XRF is seen when 

whole sherds are examined. In this case the uneven nature of the sherd surface 

can cause problems in the excitation stage of the process, with different portions 

of the sample receiving varying doses of X-rays (Rice: 1987). When the samples 

are prepared as pellets, which present as round disks with a smooth surface, this 

no longer becomes an issue.

To reinforce the case for XRF further, studies by Adan-Bayewitz and his 

colleagues in Israel, using a new high precision XRF detector are claimed to rival 

Instrumental Neutron Activation Analysis (INAA) in terms of accuracy. This 

new equipment's detection range is between atomic numbers 4 (beryllium) and 

92 (uranium). INAA is discussed further below, but is widely regarded as the 

most powerful tool available in provenance studies; it does have a number of 

shortcomings however and an alternative technique would undoubtedly be 

welcome. Adan-Bayewitz acknowledges that this technique is new and has yet 

to be evaluated fully but initial results certainly show promise (Adan-Bayewitz et 

ah 1999).
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It is worth noting at this point that the Scanning Electron Microscope (SEM), 

discussed above, can with little modification, provide surface results in a similar 

manner to XRF devices. The microscope itself consists of an electron gun, a 

vacuum chamber to hold samples, and an optical microscope. In operation, the 

sample is placed in the vacuum chamber and is bombarded with electrons, 

usually generated from a heated tungsten filament and 'shot' down a gun. This 

electron beam is then passed over the surface of the sample where it knocks out 

electrons from atomic orbits, in much the same way as the x-ray bombardment 

used in XRF. An electron collector converts these electrons into an image, 

which is displayed on a monitor (Pollard: 1996).

While this technique has obvious uses based on more traditional microscopy 

approaches such as assessing fabric inclusions, it can be seen that a relatively 

simple modification, the addition of an electron detector capable of 

discriminating energy wavelengths, will allow the equipment to carry out 

quantitative analysis in much the same way as an XRF device. The limits of 

detection of this equipment are certainly lower than comparable, dedicated XRF 

machines but within certain parameters a reasonable analysis can be made. 

Other difficulties with this equipment are that it generally requires a smooth 

surface to scan, any surface imperfections can scatter the beam. Additionally, 

the relative narrowness of the beam can be something of a double-edged sword. 

If an operator wishes to evaluate a small and precise area of the sample, the beam 

can be focussed onto this single patch. This is usually not sufficient for a 

complete fabric analysis however. In this case the beam must be scanned over
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the entire surface and an aggregate reading taken. Known as rastering, the 

resultant readings will, of necessity, be something of a mathematical construct, 

relying on average reading as opposed to actual counts. It is acknowledged that, 

to some extent, this is a problem faced by XRF equipment, but in general terms, 

the higher power and broader beam width of XRF would tend to negate the 

problem (Rice: 1987).

For ceramic analysis this technique has clear uses as a tool to offer rapid 

assessment of samples and is often cited as a non-destructive technique. While 

small sherds can certainly be placed directly into the vacuum chamber they do 

have to undergo a certain amount of preparation which could result in sample 

damage. In order for the electron beam to 'see1 the sample, it must be conductive, 

which in the case of ceramics means coating the sample in a thin gold or carbon 

film. This can be cleaned off, following completion of the analysis, but the 

potential for damage should be recognised. Once these limitations are 

acknowledged the SEM and XRF microprobe combination has given useful 

results. In their 1986 paper Bower et al acknowledge that sherds were "carefully 

selected" for size and smoothness of surface. Having done this, the resultant 

paper which compared native American ceramic glazes in New Mexico, 

accomplished its aims and discriminated between ceramic groups (Bower et al: 

1986). A more logical approach to the problem, and one which involves working 

with the equipment's limitations, was carried out by Bailie and Stern who 

analysed the glazes on Roman Terra Sigillata the surfaces of which are naturally 

high-gloss and smooth, making them ideal candidates for this analysis. No note



is made in this paper with regard to a carbon or gold surface coating but since the 

title refers specifically to "non-destructive" it must be assumed that either this 

step was not carried out or, that it caused no lasting damage to the sherds (Bailie 

& Stern: 1984).

4.5 Destructive chemical analysis

The more common spectroscopic analyses carried out on ceramic material are 

also the most destructive. As previously observed, this kind of approach gives 

far more usable data but it must be balanced against the total loss of the sample. 

Two processes need to be noted here; Atomic Absorption Spectroscopy (AAS) 

and Inductively Coupled Plasma Mass Spectrometry (ICP-MS).

4.5.1 Atomic Absorption Spectroscopy (AAS)

AAS is occasionally referred to as Flame Atomic Absorption (FAA) and it is this 

alternative name which gives an indication of the destructive nature of the test. 

AAS is effectively a reversal of the procedure employed by XRF; in XRF energy 

emitted by the sample is measured, in AAS the measurement is of energy 

absorbed by the sample. As a technique it was first employed in the analysis of 

pot sherds in the 1950s, although its use was certainly not widespread. This 

situation is changing, once again thanks to continued improvements in detection 

limits and since the 1980s a number of studies have been carried out using AAS 

as the principal research tool (Pollard: 1996).
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A principal difference between AAS and other techniques so far considered lies 

in the preparation of the sample to be analysed and it is the preparation process 

that represents the main advantage of AAS when compared to rival methods. 

The sample has to be powdered, as in many other tests, and in addition has to be 

diluted in acid and then suspended in liquid, usually water. Approximately 10 

mg of sherd are ground into a fine powder and then diluted to a high 

concentration, often up to 500 times, to allow the solution to pass through the 

equipment. This high dilution level means that rare elements are difficult to 

detect. Additionally the potential for contamination during the preparation stage 

is always far higher than preparations that require fewer laboratory steps prior to 

analysis. By far the greatest drawback in the technique is that it is, in its simplest 

form, geared to single element detection. Where an OES or XRF detector will 

detect all the elements it has been calibrated for in a single pass, AAS equipment 

has to be 'set up' to detect one, or occasionally two, elements in a sequential 

pattern. A light source, in the form of a hollow cathode lamp is charged with a 

small sample of the element to be detected, when activated this lamp will 

produce ultra-violet or near ultra-violet light at the precise frequency of the 

element being searched for. The sample is then aspirated and passed through a 

flame illuminated by the signal light. If an element that corresponds to the 

element in the cathode tube is present in the sample, the emitted light will be 

absorbed; the amount of absorption can be detected and relative quantities of the 

element calculated. The test is difficult to duplicate, as there are many variables 

present from the intensity of the flame to the flow rate of the sample. Despite all 

these disadvantages AAS can, once properly initialised provide a relatively
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inexpensive and rapid means of detecting a small number of elements. With the 

addition of an auto-sequencer the process can test in excess of twenty samples 

per hour to detection limits of 10 ppm at an accuracy of ± 2%. A number of 

studies have persisted with AAS as an option; indeed it would appear to have a 

place somewhere between XRF and NAA (discussed below) and with the 

addition of multi-element cathode tubes currently being developed one of its 

disadvantages may be negated (Rice: 1987; Pollard: 1996).

Richard Foust Jr. proposed a slight variation on AAS in 1989. In his paper the 

limitations of the technique were recognised and to some extent overcome when 

the whole sample was atomised using electro-thermal means in a graphite 

furnace and not digested in acid and suspended in liquid. Known as Electro 

thermal Atomic Absorption (ETAA), the technique allows a competent 

technician, with only a modestly equipped laboratory, to carry out analyses at a 

rate of about one element per sample every ten minutes. In addition the paper 

points out that, in this case, pottery could be adequately provenanced using three 

elements; Fe, Pb and Ni, obviating the need for time consuming work detecting 

elements which are of little overall use to their study. While this paper may 

represent a unique set of circumstances; for most circumstances it is doubted 

whether three elements would be sufficient; certainly little other work appears to 

have been carried out using ETAA, even though the process may represent a 

significant advance over traditional AAS methods (Foust et ah 1989).
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4.5.2 Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

Inductively Coupled Plasma Mass Spectrometry (ICP-MS), shares sample 

preparation methods and to a lesser extent sample excitation methods with AAS. 

ICP-MS can be regarded as a form of modified AAS as it is possible to run AAS 

equipment in emission mode as opposed to absorption mode. In this variant, 

known as Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP- 

AES) the sample is super heated using a plasma torch to around 8 - 10,000 ° C, 

considerably higher than the temperatures reached by an AAS flame which 

operates in the 3 - 4,000 C range. Once again the sample, in liquid form, is 

aspirated through the flame, but in this case, the destruction by the plasma torch 

of the atomic bonds within the sample emit characteristic wavelengths which are 

detectable by a photomultiplier 'set' to detect a given element's wavelength. As 

with AAS the process is traditionally sequential, detecting one, or occasionally 

two elements at a time. New equipment using computer controlled arrays of 

photomultipliers are slowly being introduced however and in this mode the 

equipment, although nominally still sequential in operation, can detect several 

tens of elements during any given sample run. ICP-AES has, in commercial 

analytical laboratories at least, replaced AAS as the industry standard (Pollard: 

1996).

For archaeometrists, two variants of importance are the coupling of the plasma 

torch to a mass spectrometer giving rise to ICP-MS and secondly, removing the 

need to digest the sample in acid by coupling a laser to the plasma torch. Mass
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spectrometers themselves were originally fairly large devices, which work on the 

principal that the molecules of different elements have different weights. It is 

clearly not possible to weigh molecules directly, but it is possible to calculate 

their weight if they are electrically charged or ionized. By comparing the mass 

of a sample and cross-checking this mass with the ion charge the molecular 

weight and therefore the composition of a sample can be determined. Since the 

early 1980s, quadropole mass spectrometers have been developed which 

considerably reduce the size of the detectors, albeit at the expense of some 

accuracy in detection. It is these smaller devices which have successfully been 

attached to plasma torches. The extreme heat of the plasma torch is capable of 

ionizing approximately 50% of the molecules in an acid digested sample when it 

is aspirated through the plasma stream. The equipment requires less than 2 mg 

of pot sherd to be powdered and the detection limits are often measured in parts 

per billion (ppb) with error rates of ± 2 % being the usual quoted standard. 

Potential problems with ICP-MS equipment lie, as before with the acid digestion 

process. This is time consuming and has the potential for laboratory introduced 

errors to contaminate the results. A relatively new development has seen the 

introduction of a laser ablation chamber to ICP-MS equipment. In this, a solid 

sample is placed within the chamber and vaporised by the laser; it is this vapour 

which is then aspirated through the plasma torch. While at present the detection 

limits are a little lower than traditional acid digestion methods, laser ablation 

(LA-ICP-MS) has the potential to simplify and speed up an already relatively 

rapid process (Pollard: 1996; Hart et ah 1987).
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4.5.3 Neutron Activation Analysis (NAA)

Of all the techniques currently utilised by achaeometrists to evaluate ceramics 

chemically, the most widely used is undoubtedly Neutron Activation Analysis 

(NAA), occasionally seen written as Instrumental Neutron Activation Analysis 

(INAA). Sayre and Dodson first used it as a tool to evaluate pottery in the late 

1950s; they carried out a study of Greco-Roman ceramics and suggested that the 

technique may be useful in future evaluations (Sayre & Dodson: 1957). Since 

this pioneering research, this approach has gained a great deal of favour, despite 

the fact that there are few laboratories in the world equipped to carry out the 

required sample preparation and analysis. The reasons for this scarcity of 

suitable research facilities lie in limitations of the technique itself. As the name 

implies, the process requires a source of thermal neutrons, usually a particle 

accelerator or a nuclear reactor with a suitably equipped laboratory. The lack of 

facilities such as this in Europe tends to mean that the bulk of this type of 

research is carried out in the United States, where suitable establishments are 

more common. During the analytical process a small sample of the artefact to be 

examined is placed into a glass vial; in the case of ceramics a sherd is usually 

ground into powder to achieve this, and the vial placed in the reactor core. The 

nuclei of the atoms within the sample are then subjected to a bombardment of 

neutrons from the core, for a short but controlled time. This process transforms 

the elements within the sample into unstable radioactive isotopes, which then 

decay back into stable isotopes. During the decay process, various types of 

radiation are emitted by the sample but by far the most useful, in terms of
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elemental analysis, is gamma radiation. The gamma rays have well defined and 

recorded wavelengths, each wavelength being associated with a different element 

within the sample. It is then a simple matter to detect the gamma wavelengths 

and identify which elements are present, the concentrations of these elements can 

be established by calculating the intensity of the rays in any given wavelength 

(Rice: 1987).

As a technique, NAA is extremely sensitive, able to detect seventy-five of the 

ninety-two natural elements down to ultra-trace levels, which effectively means 

detecting elements of concentrations of parts per billion. The method is accurate, 

with a reliability of around ± 5%, and often as low as ± 1%. The small size of 

the sample required and the simple nature of the sample preparation process 

clearly make this an attractive technique. The process has the added advantage 

of being so ubiquitous that test results can often be compared with other related 

studies giving researchers a vast database of information to draw from. Recent 

estimates suggest that anything up to 100,000 sherds are analysed by NAA each 

year (Glascock: 2001). The widespread nature and extreme accuracy of NAA 

means it is often the standard test by which new techniques are compared and 

evaluated.

The main factor against using NAA is one of cost. When Rice completed her 

reference work in 1987 the cost was $400 per sample. This has now fallen 

somewhat and the reactor at Missouri University, one of the leading research
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institutions in the field of archaeological NAA, now charges between $80 and 

$100 per sample for a run which searches for 33 elements.

4.6 Minor analytical techniques

There are other, lesser-known, analytical techniques available to researchers 

wishing to fingerprint ceramics, among them Proton Induced X-Ray Emission 

(PIXE) a powerful tool, growing in popularity since the 1980s. The process is 

similar to XRF but uses protons instead of X-ray photons to achieve sample 

excitation. Currently, its use is restricted due to the comparative rarity and 

expense of the necessary equipment (Rye & Duerdon: 1982).

It would be true to say that a large number of analytical techniques appear in the 

literature once, without being followed up. There are perfectly valid reasons for 

this; the search for greater precision, less destruction and lower cost are all 

driving factors and today's experimental test may well become tomorrow's 

standard. Indeed during the course of this research a method which is a well 

known standard in the pharmaceutical industry but thus far unused by 

archaeometrists, Differential Scanning Calorimetry (DSC) was briefly considered 

as a candidate for completing the data analysis. Ultimately however, the safety 

of utilising a well-established technique was considered preferable given the 

nature of this research and the DSC project placed in abeyance; most research 

will also take advantage of the 'safety net' provided by previous research 

strategies.
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Chapter five

Statistics and their Application to Ceramic Provenance



5.1 Archaeological statistics and ceramic analysis: an overview

When General Pitt Rivers inherited Cranbourne Chase he was to set in motion a 

chain of events which would see archaeology transformed. The former 

antiquarian 'treasure hunting' methods were replaced by a more methodical and 

orderly approach to excavations. Archaeology emerged as a discipline as equally 

concerned with pottery, soil texture and strata as it was formerly concerned with 

precious objects and coins. Following the First World War archaeology became 

a profession with subsequent excavators improving on Pitt Rivers' techniques. 

By the 1960s archaeology had started a trend which was to see it loosening its 

former ties with the humanities and attempt to reinvent itself as a science. The 

questions being asked by excavators were becoming increasingly scientific in 

nature, their form leaning more towards the structure usually found in laboratory 

experiments. As part of this trend, data collection was to play an increasingly 

prominent role in any excavation. The data, once collected, can be used to model 

the site in question mathematically (Hayes: 1993).

As excavation and post-excavation techniques became ever more sophisticated, 

the amounts of data generated by any excavation grew exponentially. Simple 

mathematical models were no longer sufficient to aid in an interpretation of the 

site but conversely, if any sense was to be made of the data, the need for a 

mathematical model became more vital than ever. By the early 1970s, 

archaeologists were increasingly turning to that branch of mathematics known as
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statistics in an attempt to clear the 'log-jam' of data they were generating and 

provide clearer interpretations of their results (Papageorgiou et ah 2001).

In the public mind, statistics have an extremely poor reputation and most casual 

observers will, without hesitation, inform an enquirer that, "statistics can be 

made to say whatever you want them to". Many individuals who should, 

perhaps, know better share this view. British Prime Minister, Benjamin Disraeli 

is credited with the quote, repeated later by Churchill and others, that there are, 

"lies, damn lies and statistics"; this view has arisen not through a flaw in 

statistics^/" se, but through flaws in their usage. Statistical expressions are 

often given as statements of fact whereas they should, more properly, be seen as 

statements of probability. The probability of an event happening or a statement 

being true may be high, as high as 95%, but in using this statistic one needs to 

appreciate that there is a 5% probability that the event in question will not 

happen or that the statement is untrue. In order to use statistics effectively then, 

archaeologists need to think statistically and understand the precise strengths and 

weaknesses of the mathematical processes involved in order to make use of the 

technique.

In definition, statistics can be said to be concerned with the collection, ordering 

and analysis of data, where data consists of sets of recorded observations or 

values. Any data set that has a number of different observations or values is said 

to be a variable and variables themselves are recognised by statisticians in two
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forms; discrete, where the observation has a fixed set of values and continuous, 

where the values vary according to external influence (Stroud: 1987).

Any given statistical exercise will consist of four stages; data collection, by 

counting or measuring; ordering and presentation of the data; analysis of the data 

and interpretation of the results. Clearly, data collection methods in archaeology 

will vary from project to project and may take the form of observations of 

excavated features such as pits or postholes or the collation of test results. As 

this research is focussing on chemical fingerprinting, for the purposes of this 

project, and any similar work, the data will take the form of numbers provided by 

the laboratory analysis, describing elements present in each sample and 

indicating quantity usually expressed as parts per million. The second stage in 

any analysis, the ordering and presentation of data, usually sees the data sets 

arranged in rows and columns, often on computerised packages such as 

Microsoft's Excel spreadsheet or proprietary statistical packages such as SPSS or 

MINITAB. Once organised in this fashion the data sets can be referred to as a 

data matrix. If we take a matrix of pot sherds which we hope to fingerprint as an 

example, a statistician would refer to each sherd as a case and each element 

within that sherd as a variable (Fletcher & Lock: 1994).

Having collected the data and established a matrix the process of statistical 

analysis can begin. It is important to note here that any analysis must be seen as 

a process and not as a single event and the matrix must be subjected to a number 

of mathematical transformations before a final solution or pattern in the data can
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be noted. The first of these processes must involve a visual scan of the data to 

ensure that there are no obvious errors. If the data has been transferred from the 

laboratory results to the matrix by hand a number of checks and crosschecks, in 

the form of proof reading, should be made in order to rule out transcribing errors. 

The initial statistical phase of the analysis should, once again, take the form of an 

error check this time statistical instead of visual.

The ultimate aim of any analysis is to examine the data matrix as a whole, taking 

each item or case and evaluating its relationship with every other case in the 

matrix. In this way a series of relationships is established and the resultant 

pattern will, hopefully, throw more light onto the data in question. This type of 

analysis is known as multivariate and is very much the end-product of the 

analytical process. Before this stage can be reached, and as part of the statistical 

error check phase, each set of measurements within the data matrix must be 

examined individually or, to rephrase the statement statistically, each variable 

must be subjected to a univariate analysis (Fletcher & Lock: 1994).

The table below is a small section taken from a study by Bruno, Caselli et al, 

(1994) in this study the glazes of the sherds are being examined. Each sherd or 

glaze (statistically a case) appears as a row and each element (statistically a 

variable) is shown as a column.
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Glaze

R4a

R5a

R2b

R3b

P4d

Ba

206

150

330

110

202

Sr

170

150

55

66

225

Mn

143

150

247

427

138

Ni

305

-

27

236

3850

Cu

404

300

275

206

386

Cr

179

50

55

29
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While this is, admittedly, a small sample of a much larger data matrix and no 

meaningful statistical analysis can be attempted on this portion it can readily be 

seen that there are large differences between the concentrations of elements in a 

number of cases. Nickel (Ni) in sample R5a, for example, was not detected yet 

in sample P4d, the Ni score is much larger than in any other sample. Again, the 

Manganese (Mn) in this data matrix, generally appears in the 130 - 150 range yet 

two cases, R2b and R3b, have quantities which are much higher than this. Both 

of these examples may well be genuine data counts, which will give valuable 

chemical fingerprint markers to researchers; they may equally be anomalous and, 

since every case will be compared against every other case, the eventual outcome 

may reflect these anomalies to the detriment of the study. Care should be taken 

to ensure that unusual numbers such as these are genuine 'outliers' and that all 

data counts progressing to the next stage are expected or at least have a place in 

the matrix.
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5.2 Univariate analysis

The next phase of the analysis is the first that can properly be called statistical. 

Each variable is considered independently from the others in a univariate 

analysis. While, as noted above, this stage is simply leading to the final 

multivariate stage, useful diagnostic information can be gained here, indeed for 

simple matrices there may be no need to progress further and any questions over 

the data may already be sufficiently answered. There is a wide range of 

univariate statistical tests that can be applied to the variables, some of them more 

appropriate than others. For variables which can be categorised as discrete, 

frequency tables, bar charts and modal value charts will be most useful. 

However, the bulk of data collected in the case of chemical fingerprinting, while 

technically discrete in nature, in other words having a finite and fixed set of 

values, in practice displays characteristics which make it behave far more like 

continuous data. This is simply because any data matrix collated from pot 

sherds, however large, only represents a small fraction of the total pottery 

population for the fabrics under examination. The pot sherds not examined, 

while undoubtedly finite in number, may have variables which are unobserved in 

the data matrix to hand. These unknowns have to be considered as factors that 

may, possibly, affect the data set. It is safer therefore to assume that the total 

population from which the data matrix is drawn is infinite and conduct the 

statistical analysis on the basis that the data is continuous (Fletcher & Lock: 

1994).
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For continuous data matrices, the most productive means of representing the data 

include mode, median, range, histograms, stem-and-leaf plots and box-plots. 

Since these will form the main tests in fingerprint analyses it is proposed to 

concentrate on these, and not give further consideration to those methods 

associated with discrete data sets (Vining: 1998).

In essence, mode, median and range calculations are methods of showing, 

mathematically, the centre points and spread of data in any variable; histograms, 

stem-and-leaf plots and box-plots are able to show the same data in a pictorial 

form. Mode in a variable is the simplest to describe; it is that number within the 

data set that occurs most frequently, the most common value. The mode in a 

data set is generally uninformative but certainly worth calculating for those rare 

occasions when a distribution has more than one mode. In such bimodal 

distributions all following calculations must take into account that there is not 

one central point to be examined and expressing the variable as a single figure is 

impossible. Generally speaking, for ceramic provenance studies, modal 

measurements will not figure highly (Shennan: 1997).

In finding one single figure to represent the variable, the median is a little more 

informative. Derived from the Latin for middle, the median is the middle 

number in a batch of numbers. If there are an odd number of values in the set the 

mode will fall exactly on one of these, so a seven number set will have three 

numbers above the median point, the point itself, and three numbers below it. In 

the case of an even numbered set the median will be a central point between the
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two central numbers. This figure can be useful in comparing data sets. If the 

aim is to represent the data set with a single number for simplicity, the obvious 

method would be to find the numerical average, or in statistical terms, the mean. 

If the data set has unusually large or small numbers in its matrix, the mean will 

naturally be skewed, whereas the median, being a central point will be a little 

more resistant to this skew (Drennan: 1996).

If the above statistical formulae can be seen as expressions of a single, central 

point in the data, then the next set of formulae describe the spread of the data. 

The range is the simplest of them and is fairly self-explanatory, it represents the 

difference between the lowest value and the highest and is found by simply 

subtracting one from the other. Like the mean, range has limited use and is badly 

affected by outliers, which will artificially increase its size. Perhaps more useful 

is to calculate the mid-spread of a range, an action which will automatically 

remove any outliers. To do this one simply removes the highest and lowest 25% 

of values in the variable. Technically this is accomplished by calculating the 

quartiles of the range where the upper quartile can be seen as the median of the 

upper half of the variable and the lower quartile its counterpart in the lower half. 

Used in conjunction with the variable's median this central spread of numbers, 

occasionally called the interquartile range, gives a far more useful indicator of 

the variable's actual spread and is widely used in Exploratory Data Analysis 

(EDA), although less so in traditional statistics (Drennan: 1996).
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One of the most widely used concepts in statistics is that of the standard 

deviation, or more properly, the standard deviation from the mean. Denoted by 

the symbol a, or occasionally S.D. or even s, this mathematical concept plays a 

key part in many complex statistical tests as does the concept of variance, which 

is the standard deviation squared. There is no need to explore the mathematics 

involved in great detail, as the concepts of standard deviation and variance are 

more important. Additionally most such calculations are carried out by statistical 

packages so the mathematics involved is almost always invisible to the end user. 

The standard deviation is a measure of dispersion in a variable and is found by 

calculating the mean and then measuring the difference between each separate 

value and the mean. Each difference is then squared and totalled to obtain the 

sum of the squares. This figure is divided by the total number of values in the 

variable to obtain the variance. The standard deviation is the square root of the 

variance (Fletcher & Lock: 1994).

While the variance within a data set can be a useful measure, allowing that data 

set to be compared with another, in practice the standard deviation as a stand 

alone figure is of little help. It is useful to note, however, that the bulk of all 

values within the variable will fall within two standard deviations of the mean 

and this has wider uses when one considers distribution within the variable 

(Stroud: 1987).

Johann Gauss first expounded theories concerning the mathematical distribution 

of a population in the early nineteenth century. These theories appeared to
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remain applicable whether that population referred to plant species or stellar 

activity. The Gaussian distribution curve, often called the bell curve or more 

usually in statistics, the normal distribution curve is then, a constant in nature. 

The theory states that if any sufficiently large data set is plotted on a graph, most 

observations will fall on the mean; a steadily decreasing number of observations 

will be proportionally greater than the mean and an equal number smaller than 

the mean. In shape, the resultant graph is symmetrical and looks like a bell as in 

the illustration below.

Here, the central dotted line represents the mean, or the point at which most 

observations are recorded. On either side of the mean there are further dotted 

lines, these lines represent a point on the graph one standard deviation (la) from 

the mean and between them they encompass 68% of the data. Lying outside the 

la and near the end of each tail are two solid lines. These lines represent 2a and 

take into account 95% of the data. Put another way, the standard deviation 

markers are a measure of confidence, at 2a from the mean we can be confident 

that 95% of the values in a variable will be represented. Measuring confidence 

in this way is an essential for the higher statistical functions (Shennan: 1997).
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While there can be little doubt that the above mathematical tests provide useful 

data, the axiom that, "a picture paints a thousand words" is especially true in 

statistics. The value of such a pictographic approach lies in the fact one can, 'see' 

the shape of the data far more easily than would be the case with raw columns of 

numbers.

Of all the univariate diagrammatic representations of statistical data the 

histogram is probably the most familiar to archaeologists. Looking a little like a 

simple bar chart it displays information more akin to the frequency and 

distribution values within the variable, as opposed to simply counting separate 

values as a bar chart would. Histograms work by placing the unit values, or 

more usually intervals of those values, of a variable along one axis of a graph and 

placing the frequency of occurrence for any given value along the second axis 

(Fletcher & Lock: 1994).

The example shown below is taken from the data collated during the course of 

this research, the complete matrix of which is to found in Appendix 1. The data 

represents the levels of Barium found in the Usk/Trostrey Ware pot sherds 

analysed.

5 -

4 -

3 - 

2

1 - 

0 - !
500 550 600 650 700 750 800 850 

C1
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The axis labelled Cl represents the Barium count in ppm; Cl being the column 

nomenclature in MINITAB. It can readily be seen that the highest frequency 

occurs at or around the 550 ppm with the next highest at 600 ppm and so on. If 

the mid-point at the top of each column were to be connected and a line plotted 

between them, the resultant curve would be the distribution curve for this data 

set. In this case, the curve is clearly skewed with a right tail, although its 

resemblance to a 'normal' curve can be seen. A feature of the histogram, which 

makes it especially useful, is well illustrated by this example. The smaller 'peak' 

at the 700 ppm range may be an indication that there is a separate and distinct 

distribution curve within this data set, a possible sign that two separate wares are 

being measured by the same variable sub-set. It may equally be an effect of the 

relatively small size of the data set, containing sixteen values; an effect that 

would become less pronounced with a larger sample size. There would also 

appear to be some outliers at the 850 ppm range. Whichever happens to be the 

final outcome, the histogram has fulfilled its fimction in indicating that closer 

attention should be paid to this particular sub-set of the variable.

A further refinement of the histogram can be utilised. Known as a stem-and-leaf 

plot it is a relatively new diagnostic tool forming part of that branch of statistics 

concerned with Exploratory Data Analysis (EDA). The principal of building a 

table based on frequency of appearance is still used in much the same way as it 

was with the histogram except that in this case, the actual numerical value is also 

displayed. The plot is built up by breaking the initial data set into hundreds, tens
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and units, or any appropriate combination of these given the attributes of the data 

set. The example below is built using the same data as in the previous histogram.

5 012234

5 77

6 012

6 5

7 123

7

8

8 5

In this case, given that the original data were all three-digit numbers the 

breakdown is into hundreds and tens, the units have been omitted in order to 

simplify the appearance of the plot. The range was calculated and the hundreds 

arranged in ascending order; these are known as the stem. The remaining tens, 

the leaves, are attached to their appropriate point on the stem. (Fletcher & Lock: 

1994) So, the values 712, 724 and 738 are broken down into their components, 

initially losing the units giving the values 71, 72 and 73; the hundreds are 

allocated to 7 on the stem and the tens attached to that point in the form of 1, 2 

and 3. The stem at that point shows, 7 123.
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It can readily be seen that, once this process has been completed for all the values 

in the data set, that the resultant shape is similar to the overall shape of the 

histogram. Once again there is a concentration of data at one end of the scale, a 

smaller peak in the centre and a possible outlier at the opposite end of the scale.

A further pictorial representation of the data can be achieved by generating a 

box-plot, occasionally called a box-and-whisker plot. Unlike stem-and-leaf plots 

or histograms, which give an overall impression, box-plots are particularly good 

at examining the tails of a distribution and are, therefore, ideal tools to identify 

outliers or unusual asymmetries in the data (Shennan: 1997).

O
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In the illustration above, the same Usk/Trostrey data set has been used. The plot 

is straightforward enough to interpret; the box shows 50% of the values, the top 

and bottom ends of the box being a quartile, as discussed above. A line drawn 

through the box represents the median while the lines radiating from the top and 

bottom edges of the box, the whiskers, represent the limits of the values in the 

data set. Any obvious outliers are indicated as dots, beyond the whiskers. As 

before, we can see that the data is concentrated at the lower, 500 to 700 ppm 

range of the scale, but this time the lowering of detail fails to show the second 

potential distribution curve in the data. It does not give any indications of an 

outlier at the 850 ppm point however, which was a possible concern when using 

the previous two plots, perhaps indicating that this distribution is not that far 

beyond the expected distribution range.

As univariate analyses, the above tests are useful in describing data in terms of a 

single number or simple pictogram but can do no more than that. For any 

meaningful interpretation of the data these simple descriptions must be compared 

with others, allowing comparisons of different variables or of different cases 

within the data matrix to be made. While, as has been stated, a multivariate 

analysis utilising as much of the data matrix as possible is the eventual aim, a 

better understanding of the data can be achieved by comparing just two variables 

or cases. Known as a bivariate analysis, it is something of an overlooked process 

in the examination of archaeological data matrices. A simple, and obvious, way 

to compare two variables would be to draw any of the plots described above side-
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by-side; this process gives an immediate visual distinction between the variables 

allowing a comparison of the overall shape of the two data sets (Drennan: 1996). 

The technique is more useful for some plots than others. The histogram plot 

does not lend itself well to this type of data modelling, as there is a tendency for 

one data set to overlap the other. It is certainly not impossible to compare 

histograms, particularly when different coloured inks are used for each variable, 

but the end result can look overly complex. Stem-and-leaf plots and box plots 

lend themselves to this process in a much more meaningful manner. Stem-and- 

leaf plots are especially effective when the two variables share a common stem, 

with the leaves of the variables printed on each side of the stem. In the fabricated 

example below, the common stem is highlighted in bold and the leaves of each 

sample printed on each side.

315566 4 721

3557 4 8

4 9

1150

5 012234

6 5 133

5 21

053

It can readily be seen that the leaves of each sample appear in different places 

along the stem, giving a positive, visual, indication that these two particular
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samples are different. Had they been similar, we would expect the leaves on 

each side to show a far better correspondence (Shennan: 1997).

For a more visual pictogram, box-plots can also be used to compare data. Unlike 

the histogram they only require one axis, which provides a scale. The plots can 

then be printed, in sequence, alongside one another, as in the print below. This 

overcomes the overlap issues, which can complicate histograms. Naturally, the 

previously noted caveats concerning box-plots still apply and the detail is 

generally lower in these diagrams.

Boxplotsof C1 and C2
(means are indicated by solid circles)

1200-

1100-

1000-

900-

800-

—I— 

C2C1

In general, however, mathematical representations of bivariate data are more than 

adequate to highlight differences between variables. There are a number of 

techniques that have been developed by statisticians to compare variables in this 

way, not all of which are immediately applicable to archaeological data much 

less ceramic data. Of these, one of the more useful for ceramic provenancing is
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the t-test, often referred to as the Student's test. This test is widely used in 

industry, in particular in quality control, where it can indicate whether or not two 

batches are similar. For quality control purposes, a manufactured batch is 

compared to a second batch that has previously been shown to be of satisfactory 

quality. If the two batches are the same, the manufactured batch is passed 

through quality control, if they are different it is rejected (Vining: 1998). This 

process can clearly be modified for ceramic provenancing. A variable from one 

set of sherds, zinc for example, can be compared with the same variable from a 

second set. If the t-test indicates a match, we can state that the two sets of sherds 

come from a similar source. Confirmation, however, requires further 

multivariate tests.

The t-test process indicates the match by using probability and significance 

testing and is a mathematical variation on a recognised statistical technique. The 

older technique, on which t-testing is based, compares two variables by 

calculating the mean of both, subtracting one from the other and dividing the 

result by the standard deviation of the difference. Because both variables are 

assumed to have derived from a standard or normal distribution set, we can begin 

to make statements regarding probability. Once the difference between the two 

variables has been divided by its standard deviation, if the final sum is 1.96 times 

its standard deviation, the chances of the two variables being statistically similar 

is less than 1 in 20 at the 95% confidence level or 2 standard deviations 

(Drennan: 1996; Stroud: 1987).
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This process works well on a theoretical level, but in practical statistics it is less 

than successful. The main issue is one of data set size. For the theory, it is 

acceptable to assume that the data set or variable comprises most, if not all, of 

the available data. In practical terms this is rarely the case, especially in 

archaeological data sets where the variables may contain as few as six cases from 

a total population of many thousands. In this situation it is clearly impossible to 

calculate the mean of the two variables with any degree of accuracy if the 

previously described method is used, since there are too many unknown cases 

which may effect the outcome.

To overcome this problem, W. S. Gosset, an employee of the Guinness family, 

devised a test, which he registered under the pseudonym of A. Student. This test, 

the Student or t-test, addresses the central problem, which is that for small data 

sets the 1.96 enumerator, by which one can assess the 95% confidence level, is 

no longer a constant; the number is larger and varies with each data set (Drennan: 

1996). It is not essential to discuss the mathematics involved here, since most 

computerised statistical packages perform the t-test automatically, it is, however, 

beneficial to understand how the results of these tests should be interpreted.

The printed results for a t-test take a number of forms but will invariably always 

include two results, the actual t score and a p value. As an example, these will be 

written in a format such as, t = 2.19, p > 0.059 or, t = 0.75, p > 0.470. For the 

purposes of interpretation, the actual t score, which is the final result of the 

subtraction and division process described above, is usually discarded, the p
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value being the more useful result. The p value in the statements stands for 

probability and represents the statistical likelihood that the two variables under 

test are identical. A line is drawn at two standard deviations (2a), a line which 

encompasses 95% of the data. If the result of the t-test falls within 2a, the 

variables are deemed to be identical, if the result falls within that 5% of 

probability which is outside 2a, the variables are declared to be different. This 

arbitrary, 'black and white' approach may be useful in theoretical statistics but, as 

with the means differentiation which initially gave rise to the t-test, it is a little 

too rigid for practical, 'real world', statistics. To counter this, Drennan has 

proposed a sliding scale of values that, while anathema to some statisticians, is 

much more useful in deciding the relationship between variables. The table 

given below is a summary.

p = 0.80 Match extremely likely

p = 0.50 Match very likely

p = 0.20 Match fairly likely

p = 0.10 Match not very likely

p = 0.06 Match fairly unlikely

p = 0.05 Match unlikely

p = 0.01 Match very unlikely

p = 0.001 Match extremely unlikely

For a statistician, any result at p = 0.05 or below is classed as not matching, 

anything higher as matching. It can seen that Drennan's table offers far more

116



options when interpreting the results and, while it may not be as precise as a 

traditional statistical report, it is probably more effective in terms of 

archaeological interpretation. In the two examples oft-test results quoted above, 

the first test in particular would be subject to differing opinions. With a score of 

p = 0.059 a statistician would include this score within the 2a limit and class it as 

a match, where Drennan would argue that, as it is only just within the limit, it 

should be assessed as 'Match fairly unlikely'. The second score of p = 0.470 is 

more clear cut in that both would agree on a match. Using Drennan's table, 

however, it can be seen that the score can be reported as 'Match fairly likely', 

bordering on, 'Match very likely'. As an aid to the interpretation of 

archaeological data this second report would appear to be preferable, offering as 

it does far more scope for discussion (Drennan: 1996).

The paucity of references to the t-test in ceramic provenancing literature would 

seem to suggest that this test is currently being overlooked in favour of more 

complex methodologies. This is unfortunate since, while more sophisticated 

analyses have an undoubted value in final data interpretation, the t-test can be 

seen as a useful complement to them. It is simple to carry out and is, statistically 

speaking, robust; in other words it is not affected by extraneous influences within 

the data to any great extent. It is conceded that for provenance studies where 

each sherd, or case, has multiple variables it is clearly an involved and time- 

consuming process. The fact that two separate sets of ceramic data show a 

similarity in a given variable does not mean that the wares are identical. Every 

variable has to be examined separately; a meaningful statement, regarding any
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similarity, or otherwise, between the two sets of sherds, can only be made once 

all the available variables have been assessed. A number of other bivariate tests 

occasionally appear in the archaeological literature, most notably Analysis of 

Variance (ANOVA) and Chi squared tests (Shennan: 1997). While these 

undoubtedly have their place, they are of little use in provenance studies. The 

ANOVA test, for example, is often given as a more sophisticated version of the t- 

test described above. Mathematically speaking this is true, the ANOVA test can 

analyse three or more variables, as opposed to the t-test's two. The result 

however may be of little help in determining which, if any, variables are similar 

since the resultant score, the F number, simply tells the observer that one or more 

of the variables are different; it does not indicate which (Drennan: 1996). In a 

similar vein, the Chi squared test can be used in provenance studies to compare 

two variables but it is no more powerful than other methods already described. 

The strength of the Chi squared test lies in its ability to compare a set of variables 

with a predicted or expected set. In provenance studies, the aim should not be to 

predict the values of a set but rather to order all the variables within a set into 

meaningful groups making as few predictions, which could impose a pattern onto 

the data, as possible.

5.3 Multivariate analysis

In order to achieve this last aim, the statistical method of choice is multivariate 

analysis, an analytical method whereby all the variables within a data set are 

examined simultaneously. The resultant groupings should reflect the relationship
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between individual cases or sherds within the group and also the relationship 

between different groups or clusters. There are currently three tools within the 

sub-discipline of multivariate analysis which are commonly used by 

archaeologists, Principal Components Analysis, Correspondence Analysis and 

Discriminant Analysis. All of these are relatively new in the field of statistics 

but the oldest, and arguably the best suited for ceramic provenancing, is Principal 

Components Analysis. As before, it is not proposed to discuss the, somewhat 

involved, mathematics involved in any of the following techniques. Most 

statistical packages will run the analyses automatically and all that is required of 

the observer is an understanding of how to interpret and apply the results.

The essential problem for all multivariate techniques is the same, that of taking a 

large amount of data and reducing it into a manageable size. This in itself is 

relatively easy to accomplish using simple mathematical tools such as the mean 

and median previously discussed. If this method is selected, however, there is a 

real danger that the integrity of the data, its shape, will be compromised, 

rendering any conclusions invalid. Multivariate techniques are so useful in data 

interpretation because they can carry out this reduction without compromising 

the integrity of the data in any way. Put another way, the overall shape of the 

data, once reduced to two variables per case should be statistically the same as 

when the data set comprised a larger number of variables per case (Shennan: 

1997).
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For ceramic provenance an ideal way to 'see1 the shape of a group of sherds 

would be to plot each sherd onto a graph as a dot, with the axes of the graph 

representing chemical concentrations. If the sherds are related they will form a 

cloud of dots, relatively close to each other. A second group of sherds, printed in 

a different colour or shape will form a second cloud. The relationship between 

these clouds will form the basis for an interpretation. If one cloud lays over 

another we can conclude that the two groups of sherds are chemically similar, if 

they form separate clouds the degree of separation will allow us to make a 

judgement concerning the relationship of the two fabric groups. The problem 

with this approach arises when each sherd or case has more than two or three 

variables, or chemical compositions attached to it. A pot sherd that has data for 

two elements can easily be plotted onto a graph with each axis, X and Y, 

representing an element. A sherd with three elements can also be plotted onto a 

graph with each axis, in this case X, Y and Z, representing an element. The 

resultant 3-D graph is a little more difficult to draw and interpret but is certainly 

not impossible to achieve with current computerised plotters. Unfortunately, 

most chemical analysis data sets have considerably more variables per sherd; for 

this study, the final number of elements per sherd was established at fourteen and 

in order to plot them, a fourteen dimension graph would be required. Whilst this 

is impossible for us to draw, or even conceive, it is possible for a computer 

programme to plot such a graph, Virtually'. This process lies at the core of 

Principal Components Analysis.
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Once plotted, the cloud of dots, each dot representing an individual pot sherd, 

would form an ovoid, three-dimensional shape, similar to a rugby ball. A 

number of axes, known as eigenvectors, can then be plotted onto the cloud. The 

longest eigenvector, that running through the cloud from tip to tip, will be 

Principal Component 1 (PCI), Principal Component 2 (PC2) will be the 

eigenvector which runs perpendicularly to PCI at its centre and describes the 

width of the ovoid at its diameter. To summarise, a three-dimensional shape, 

representing the fourteen-axis plot of the data, has been described by two 

numbers, indicating its length and diameter. Each individual pot sherd can now 

be described in terms of its relative positions along the eigenvectors, so sherd 1 

can now be written as x distance along PCI and y distance along PC2. These two 

eigenvector distances can now be plotted onto a standard two-dimensional graph. 

Once this has been done for all the sherds within the original three-dimensional 

ovoid, the overall shape of the data should, theoretically, have remained 

unaltered and the relationships between the fabric groups can be explored in two- 

dimensional space (Klawiter: 2000; Shennan: 1997).

The eigenvectors themselves can be calculated in one of two ways, correlation 

and covariance. As their names suggest, the correlation matrix examines the 

relationship between each variable in the set while the covariance matrix is 

calculated by using the variation between the variables. Both methods give their 

results as points of measurement along the eigenvector and both can allow 

relationships between the groups to be explored but the results given by each 

type of calculation are different. The degree of difference between the
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calculations depends on the data in the original matrix. Statisticians assert that 

the correlation matrix is the only allowable calculation for the analysis of 

chemical data in provenance studies. Indeed, Dr. John Uebersax, a professional 

statistician, has argued the case for this method during the course of this research 

(Uebersax: pers. comm.). The main objection to using covariance for chemical 

data is that in cases where a sherd contains large amounts of one element, 

aluminium for example, and trace amounts of another, perhaps scandium, the 

variation between these two will be high. In this case the 'signal' from the larger 

element will swamp that of the smaller, skewing the data in favour of aluminium. 

In contrast, the correlation matrix will be more resistant to this skew in the data 

as it relies on the relationships in the data.

Unfortunately, correlation matrices are also far from ideal. Because they search 

for the strongest relationships in a data set the 'cloud of dots' they plot on the 

virtual graph tends to be less ovoid and more cylindrical, producing extremely 

linear groups when the data is transferred onto a 2-D plot. The pot sherds can 

still be grouped, and the groups can still be distinguished from one another, but 

the overall data shape is unnecessarily complicated. The solution proposed by 

Aitchison (1986) suggests that for ceramic provenance studies standard statistical 

practice should be overlooked in favour of the covariance method. His reasoning 

is that the main shortcoming of the covariance matrix, whereby larger elemental 

concentrations 'swamp' smaller ones, is rarely an issue in archaeological data 

sets, where most studies rely on relatively low quantities of trace element data. 

As long as these factors are taken into account when the statistical analysis
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commences, and the researcher takes steps to ensure that the data within the 

matrix are essentially uniform, the benefits of the covariance matrix in giving 

clearer groupings can be exploited. For those rare occasions where some data are 

unusually large, a solution tested by Lizee, Heff and Glascock (1995) appears to 

be effective. In their study of Native American ceramics a decision was made to 

utilise major elements as well as trace elements as an aid to provenancing the 

wares. While all readings were given as parts per million throughout the study, 

those readings associated with aluminium and iron were considerably higher than 

those for the trace elements and would have undoubtedly skewed the data in their 

favour. The research noted that if all elements within the data matrix were 

transformed to log base 10 values, the gap between the larger values and the 

smaller was reduced to acceptable levels whilst maintaining the overall 

relationship between each individual component of the data. Using this 

transformation technique the data could be successfully analysed using the 

preferred covariance technique (Lizee, et ah 1995).

A technique closely related to Principal Components Analysis, that of 

Correspondence Analysis, is beginning to gain ground in provenance studies, 

although Principal Component studies are still far more numerous in the 

literature. Correspondence Analysis was originally developed to examine data 

that may not be strictly ordinal in nature. A good example would be data sets 

that noted the absence of features in some cases, as well as their presence in 

others; studies where ceramic decoration is noted on some vessels and not on 

others would be an ideal example. In this case, absent data would be equally as
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significant as observed data. In a Principal Components Analysis, the absent 

data would not be plotted by the computer package and the final result skewed in 

favour of the data that was present. A Correspondence Analysis programme 

however, while it will still plot a virtual 3-D cloud in the same manner as a 

Principal Components Analysis, will plot the eigenvectors by examining the 

ratios of all scores, including those scores which contain no data and will, 

therefore, make allowances for absent data.

The data matrices utilised in provenance studies are clearly strictly ordinal, each 

number representing a specific count of elemental concentrations; any zero score 

means that the element is not present in the sample and should not count towards 

the final fingerprint of the sherd. It is easy then, to see why Correspondence 

Analysis would not be considered the obvious choice for the analysis of this data. 

However recent research, in particular that by Murray (1994) has suggested that 

absolute concentrations of elements within a data set may not be as informative, 

for provenance purposes, as the ratios between elements within the matrix. In 

this case, Correspondence Analysis may be better suited to the work (Klawiter: 

2000). Certainly, one of the drawbacks of Principal Components Analysis is 

that, as part of the process of plotting the eigenvectors, the computer programme 

creates a second, temporary, data set from which it takes variation measurements. 

There is a small danger that during this process the original data set can become 

degraded or may lose some detail. Since Correspondence Analysis deals directly 

with observed ratios in the original data set, this intermediate process is 

eliminated. The data for this test may, therefore, be considered statistically purer
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(Shennan: 1997). The final data output of a Correspondence Analysis, looks 

similar to that of a Principal Components Analysis in that the original, large data 

set, will have been reduced to two or three numbers per pot sherd. In this case 

the numbers are referred to as co-ordinates which can, once again, be plotted 

onto a two dimensional graph.

The last multivariate tool to be examined is Discriminate Analysis. Whilst 

Principal Components Analysis and Correspondence Analysis fall securely into 

that class of multivariate statistics known as Experimental Data Analysis (EDA), 

Discriminate Analysis is on the edge of this technique. For Principal 

Components Analysis and Correspondence Analysis tests, the raw data is simply 

fed into a computer programme and the programme itself orders the various 

cases, or sherds, into groups; the technique is objective with the researcher 

having very little input into the process. Discriminate Analysis, on the other 

hand, requires that the researcher have a hypothesis to test.

For ceramic provenance studies, each pottery fabric in the data matrix is given an 

identifying number. In the case of this study, The six sherds of Usk A fabric 

were assigned to group 1; the ten sherds of Usk B, group 2 and so on until all one 

hundred and twelve sherds were placed into nineteen groups. Having ordered the 

data in this manner, a hypothesis can be presented to the computer programme 

which effectively states, "I believe that the following sherds should be assigned 

to these groups." Using an array of univariate tests, such as those discussed 

above, the Discriminate Analysis programme checks the accuracy of the
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statement and gives an indication of how many sherds, statistically speaking, 

belong in their assigned group.

In the example of the Usk fabrics noted above, the programme suggested that 

five of the six sherds assigned to group 1 did belong there, whilst seven of the ten 

sherds in group 2 were correctly placed. Unfortunately, what this programme 

cannot do is indicate which sherds do not belong in the group, or why. Since the 

programme will reject any minor outlier or variation from the norm the 

researcher has something of a dilemma in this case. The result could mean that 

all sixteen sherds are correctly assigned and the four rejected by the programme 

are minor variations; alternatively, the four rejections could be genuinely 

misplaced. For this reason, Discriminate Analysis should best be considered as a 

tool to be used as a supplement, once Principal Components Analysis and 

Correspondence Analysis have already been used to establish groups. In 

essence, any score that is higher than 68%, or one standard deviation, of the 

sherds to be correctly assigned can be considered adequate confirmation that the 

majority of the sherds have been assigned to their correct group (Klawiter: 2000; 

Shennan: 1997).

5.4 Future trends in ceramic analysis

Before concluding this overview of statistical analysis as applied to ceramics, 

some current trends in computerised EDA need to be noted. While not strictly 

statistical in nature, many experimental computer packages from the field of
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Artificial Neural Networks (ANN) or Artificial Intelligence (AI) use statistics to 

assess data provided them and many may have applications for archaeology. At 

an early stage in this study, conversations with Dr. lan Watson, then of Salford 

University but currently at University of Auckland, indicated that computer 

programmes currently widely used in industry may have applications for 

archaeological data sets, and may also prove useful in provenance studies.

Problem solving computer programmes, known as knowledge-based systems 

(KBS) have been used by industry since the late 1980s. They are not true 

artificial intelligence programmes in that they simply represent a database of 

stored knowledge. A KBS Database draws on a list of problems and their 

solutions and offers that solution which most closely resembles the current 

problem in an effort to solve it. A recent development of this process is Case 

Based Reasoning (CBR), where KBS systems are static, until they are 

reprogrammed with new solutions, CBR systems are dynamic in nature. They 

also have a database of solutions and, in the first instance, will attempt a straight 

match, much like a KBS system. If this approach fails, however, a CBR system 

has the ability to revise stored solutions in an attempt to solve the problem. 

Should this be successful, the revision is stored in the database for possible future 

retrieval. In engineering terms the solutions which these systems are set to work 

on vary from calculating the best layout for a new ship design to identifying parts 

on an aircraft assembly line. It is this diversity which is the system's strength. 

Since for the programme, each case represents any stored knowledge or 

experience, the programme could be 'taught' the parameters which apply to any
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given pottery fabric. These parameters could include, chemical composition 

data, vessel sizes, colours, find location, glaze and decoration details. In short, 

anything that can be measured, or observed, on a pot sherd can be included in the 

system; each variable would have its own database, inter-linked to the others. 

Once the programme has a working definition of a fabric, it could then place any 

new fabric introduced to it into context. Decisions made on fabric grouping 

using this system would be made on numerous levels using a variety of factors, 

as opposed to current practice where the decision making process usually relies 

on one or two factors (Watson: pers. comm.; Barletta: 1991).

While the above represents a theoretical application, based on conversations with 

Dr. Watson in the course of this research, a number of similar studies are far 

from theoretical. A paper delivered by Pedro Delicado at the Computer 

Applications in Archaeology Conference in 1998 is closely mirrored by a non- 

related paper by Bell and Croson, also published in 1998. The concept in both is 

to use an ANN to analyse a data set using traditional statistical methods, but to 

carry out all the analyses simultaneously. Each part of the analytical process will 

communicate and compare results with its neighbour, each modifying the other 

as the analysis progresses. As a working example, a network may test a data set 

using all three of the multivariate methods described above; the three databases 

involved in the calculation would share results and modify their analyses, until 

all three agreed on a solution. All results would then be fed to a second neural 

net, which collates and prints the results. This neural network approach should,
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theoretically, be faster and offer a more robust and reliable solution to any 

provenancing problem (Delicado: 1998; Bell & Croson: 1998).

For any statistical analysis there are two principles which should guide the 

research. The first is the observation that statistical analysis must always be 

undertaken as a suite of tests. One test alone, whether, univariate, bivariate or 

multivariate will not give enough of a picture to make any balanced judgement. 

The notion of balanced judgement is a key principle in interpreting statistics; it is 

vitally important to realise that there is no one, single answer. Any solution 

offered by statistical analysis is simply one possible answer of many. Most 

archaeological studies will rely on the solution which, after a number of factors 

have been considered, offers the best fit to a hypothesis. This research project is 

no exception.
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Chapter six

Sample Collection: Sites and Material Selected for Study



6.1 Sample Collection Strategy

"Whilst the previous section presented an overview of the statistical techniques 

which can be applied to ceramic analysis, this section will deal with a specific 

statistical issue. The artefacts under study have to be sampled, in other words 

drawn from a larger population, in such a way as to make their selection 

representative of the whole. Additionally, once the chemical analysis finally 

begins on the sherds, the choice of elements within the clay matrix should, 

ideally, also be sampled to provide a representative spread of the chemical 

composition of the clay matrix. The need to recognise the importance of 

sampling is clear, particularly when large numbers of any given item are 

recovered, such as coins or pot sherds. The relatively small quantities of these 

objects recovered represent an extremely small percentage of the total numbers 

either produced or waiting discovery. Consequently, it is important that every 

effort is made to establish that any trends evident in the data, which are noted in 

the small sample to hand, are repeated in the larger, unknown population group 

and are, therefore, indicative of general trends. In theory, a random sample taken 

from a larger population should reflect these trends since, if the selection is truly 

random, the chances of any given sherd finding its way into the sample collection 

are as great as any other. The random sample pattern has a probability of 

representing the whole, which can be expressed statistically using recognised 

extrapolation techniques (Orton: 2000).

130



For any excavation design proposal a formal plan, which samples all the data 

contained within the site, should be established at an early stage. A system of 

grids, for example, can be set up which ensures that artefacts are collected from 

clearly defined areas. Generally, for ceramic analysis this approach is not 

possible since the sherds will have already been recovered and will invariably be 

stored, waiting future analysis. If no formal sampling strategy can be imposed 

on a pre-collected assemblage, a solution has to be found which satisfies the 

conflicting demands of archaeological practice and sound statistical theory.

For archaeologists, the beginnings of a resolution to this conflict appeared in the 

early 1930s, when Neyman proposed a theoretical basis for statistical sampling 

(Neyman: 1934). Neyman's research demonstrated that random sampling was 

able to give a representative sample of a greater whole and that confidence 

intervals could be generated, demonstrating that the data sets generated were 

statistically secure (Orton: 2000). Further research improving on this model, by 

using Bayesian statistics in particular, has shown that any items drawn from a 

greater whole are statistically interchangeable with any others which are drawn 

from the same set. For practical purposes, this concept simplifies the sampling 

process immensely.

Based on these concepts, a target population, which can represent the greater 

whole should be relatively simple to establish, using little more than a common 

sense approach. For example, when sampling pottery from a site, the contents of 

one of several middens would be far too restrictive; providing data for one small
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area of the total site cannot be considered representative of pottery usage across 

the site. The sample, then, must be taken from a number of locations from across 

the site, with comparative analysis, where possible, from related contexts. This 

in itself may create further problems if the site is multi-phase in nature; a 

reasonable compromise would appear to be one in which samples from a 

particular phase or period are collected from a variety of locations within the site 

(Orton: 2000).

Having established a workable and statistically viable assemblage, the next stage 

in the sampling process is to ensure that the various fabrics which may be present 

within the assemblage are represented in the final set removed for analysis. 

Many ceramic assemblages are large, and restrictions on both time and finance 

often impose a need to collect a very small percentage of the total. The only 

solution will be to estimate the requirements of the analytical process and 

ascertain how many sherds are required for both the chemical analyses and the 

statistical analyses to have an impact. Once this estimation has been carried out 

the best solution is to lay out the assemblage on a workbench, preferably by 

context, organise the sherds into fabric groups and remove the required number 

of sherds from each group (Orton:2000).

For this research, a number of sampling parameters were adhered to. While it 

would be desirable to test examples of every fabric from every medieval site in 

Gwent and Glamorgan, in practical terms this would clearly be impossible. The 

first decision taken was to limit the fabric examples to the major wares of the
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region and include, where possible, a number of the more significant minor 

fabrics for comparative purposes. This first parameter limited the samples to 

those fabrics that were produced in Gwent and Glamorgan and specifically 

excluded any imported ware, such as the products of the Bristol and Minety 

kilns. The importance of these imports to the medieval Welsh economy is 

recognised, but since these fabrics have already been examined elsewhere it was 

felt that the study should more properly focus on purely local products. For 

Gwent, these local products were the Monnow Valley Wares, which form the 

major group in that county, together with the Usk wares, which form a small but 

significant industry to the west of Monnow Valley production. In Glamorgan the 

major group studied was the Vale Fabrics found in the east of the Vale of 

Glamorgan, near Cardiff. To their west, the most significant fabric was that 

produced around Kenfig and samples of this group were obtained in addition to 

quantities of a fabric from the extreme west of Glamorgan, Glamorgan / Lower 

Tawe Ware, also known as Loughor Ware. With small variations within each 

fabric, these five groups formed the basis for the collection strategy. An 

additional limiting parameter was established by the paucity of earlier material 

available for study. As noted in Chapter 1 above, there was something of a 

production explosion in the thirteenth century and samples from this period are 

abundant in marked contrast to dated twelfth century examples. The thirteenth 

century, then, became a natural 'cut off point for collection, with samples being 

collected, where possible, from deposits dated to the latter half of the century. 

The final parameter was that set by the needs of the analytical process, where it
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was calculated that a minimum of five sherds for every fabric group and sub 

group would provide sufficient data.

In order to collect the samples, contact was made with the organisation or person 

responsible for their curation, having first ensured that the samples were not 

especially significant and that their destruction, as part of the analysis, was 

acceptable. The samples were obtained from five sites; Trostrey, Trelech, 

Kenfig, Monmouth and Cosmeston and are discussed further below.

6.2 Trostrey.

The site at Trostrey, six kilometres north of Usk, is unusual in the context of this 

study in that it is the only one of the five that has pre-medieval origins. As 

reported by Mein, the landscape around Trostrey church dates back into 

prehistory, and shows examples of Neolithic, Bronze Age, Roman and medieval 

structure; the pottery analysed in this study was recovered from a structure 

referred to as Trostrey Castle. The probable origin of this 'castle' was as a 

twelfth century ringwork, possibly built on the site of a Roman watch-tower 

(Mein: 1999). By the thirteenth century, Trostrey was a manor of the lordship of 

Usk, and the masonry remains, which are partly visible today, probably represent 

a thirteenth century re-fortification of the ringwork, turning the structure into 

something which should, perhaps, be described as a fortified manor house. The 

assemblage under examination for this study is dated to the thirteenth century, 

but no greater precision can be given with regard to date at this point. Mein has
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established a sequence based on rim types, but this conflicts slightly with the Usk 

report by Paul Courtney, which places the pottery types at a later date (Courtney: 

1994). All of the sherds were recovered from the castle and its immediate 

vicinity. Since aspects of the masonry at Trostrey are similar to sections of 

nearby Usk castle, which are known to have been built by Gilbert de Clare in the 

mid-thirteenth century, this study assumes that the pottery is also of a mid- 

thirteenth century date.

The Trostrey assemblage is stored at property owned by Mr. Geoff Mein of the 

Trostrey Excavation Group; each sherd is either bagged or boxed with its 

corresponding context number displayed. Unfortunately, the assemblage suffers 

slightly from a lack of organisation and needs a master catalogue of finds as a 

matter of urgency. This is recognised by the excavators and is an issue which is 

hoped to be addressed, by the author, on completion of this study. Full access to 

the assemblage was granted and, despite its disorganised nature, it is believed 

that a representative sample of the sherds was collected for further analysis. A 

total of sixteen sherds were collected; six were Usk Fabric A, the remaining ten 

Usk fabric B.

6.3 Trelech.

The decayed medieval town of Trelech is the subject of an ongoing series of 

excavations carried out by staff and students of University of Wales College, 

Newport and led by Dr. Ray Ho well. The town itself was probably established in
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the early twelfth century, although the castle is not noted until 1231. However, it 

is only when Richard de Clare inherited the Marshal possessions in 1245 that 

Trelech began an expansion that would see it recording 378 burgage plots in 

1288, making it the second largest town in late thirteenth century Wales. The 

town appears to have declined rapidly following the death of Gilbert de Clare in 

1314 (PRO: SC6/1247/21; Penrose: 1997).

In the case of this site, then, the pottery assemblage can be dated fairly closely to 

between 1245 and 1314 and confirmed by comparison with similar pieces 

recovered at Monmouth and securely dated by Clarke (see below). The 

assemblage is stored at University of Wales College, Newport and is sorted by 

year of excavation and associated context details. Sufficient notes are available 

to ensure that the sherds selected for analysis are taken from a variety of 

excavation sites within town. Additional evaluation work needs to be carried out 

on this assemblage but an initial examination indicates that the fabric that 

dominates the assemblage is Monnow Valley Ware (MVW) A5 and its variant 

A5B. In this particular assemblage there appears to be a variant of MVW A5B, 

called here A5B(i). The other sherds sampled are earlier variants of MVW, Al 

and A2 respectively. In Monmouth, these fabrics are associated with twelfth 

century deposits (Clarke: 1991) and in Trelech, may represent occupation 

evidence from the period prior to the de Clare take over. This is possibly 

confirmed by the finds location of these sherds which is invariably near to the 

castle. These earlier sherds are included in this study for comparative purposes 

only, as it is felt that the A5 and A5B fabrics will answer the more significant
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questions with regard to the Trelech assemblage. In total, six sherds each of 

fabrics Al, A2, A5, A5B(i) and A5B were collected, making thirty sherds in all.

6.4 Kenfig.

The abandoned medieval town of Kenfig lies on the Glamorgan coast, between 

Port Talbot and Porthcawl. Probably founded by fitz Hamo around the middle of 

the twelfth century, the town prospered and by the close of the thirteenth century 

contained 142 burgages (Beresford: 1988). By the beginning of the fifteenth 

century contemporary observers began to note the encroachment of nearby sand 

dunes onto the town, an encroachment which would eventually force the 

abandonment of the site a century later. This site is remarkable in that the 

remains of a complete medieval town are sealed beneath the dunes, with the sand 

providing a high level of preservation to both artefacts and buildings. A small 

excavation was completed on the castle in the late 1920s (Richard: 1927) with 

the finds being lodged with National Museum of Wales at Cardiff. Francis and 

Lewis (1984) later examined the pottery assemblage from this work, and they 

provided the basis for the classification still in use. The site is currently 

scheduled, but the Kenfig Society began an excavation in 1993 which lies 

adjacent to, but outside, the scheduled area of the town; this work is ongoing 

(Robbins: 1997).

The pottery assemblage collected as part of the post 1993 Kenfig Society 

excavations is extremely large, between 9,000 and 10,000 sherds, and had not
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been formally examined until the society were approached as part of this study. 

The assemblage is lodged in a former air-raid shelter, acquired by the society as a 

base for their archaeological activities. The sherds are stored in cardboard boxes, 

one box for each year of excavation. Each box is further sub-divided into finds 

locations and each sub-division has sherds bagged by context. There is a well 

organised and maintained master catalogue giving the precise storage location of 

each sherd. As a result, the assemblage was easy to examine in some detail and a 

good, representative cross-section of the locally manufactured sherds present 

were removed for further study.

Of the sherds removed, Kenfig A fabric in this study corresponds to the Kenfig A 

fabric identified by Francis and Lewis (1984). The fabric referred to in this study 

as Kenfig A(i), however, would seem to be the Francis and Lewis Fabric B, a 

ware which they acknowledge is similar in appearance to Fabric A. The fabric 

classified as Gower / Lower Tawe Ware (GLT) Sand Gritted in this study is 

Francis and Lewis Fabric N, which is also known as Loughor fabric 8 (Lewis & 

Vyner: 1979) later revised to Gower/Lower Tawe Sandy Gritted Fabric (Vyner: 

1993), a fabric group manufactured in, or near to, Loughor castle in the later 

thirteenth century.

Two fabrics included for analysis here, classified as Fabric B and Kenfig 

Unknown, do not appear in the Frances and Lewis report, this is unsurprising 

since they are both unglazed wares and the authors acknowledged the paucity of 

unglazed wares in their assemblage. The opposite is true of the assemblage
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studied for this research, with only around 6% of the of the total number of 

sherds being glazed. The paucity of unglazed sherds in the earlier assemblage is 

possibly due to a collection bias on the part of the 1927 excavators, who simply 

overlooked the unglazed fabrics, or because the location of the 1927 excavation 

in the castle skewed the collection in favour of the higher status glazed wares. 

The Fabric B sherds were chosen due to their close resemblance to the unglazed 

VF2 fabric (discussed below) and the second, unrecognised, fabric was included 

for comparative purposes. In total, thirty-four sherds were removed from the 

Kenfig assemblage including five Kenfig A, three Kenfig A(i), five Kenfig B, 

four Kenfig B(i), seven GLT, and five of the unknown fabric.

At a later date an additional two sherds were added, as an additional experiment. 

As has already been noted, one of the aims of this study is to use chemical 

analysis to highlight relationships between the various ceramic fabrics of the 

region, however a secondary benefit of a chemical database had already been 

considered. Once established, the database could be used to identify small or 

badly abraided sherds, which were unidentifiable using normal means. Two 

appropriate sherds were, therefore, included from Kenfig to test this possibility. 

A sherd, given the database number 102, was recovered from the base of a fire; it 

was carbonised throughout and, even after cleaning, could not be identified. It 

was decided that the trace elements which the laboratory would search for, as 

part of the analysis, would be unaffected by the action of the fire and that an 

attempt could be made to fingerprint the sherd and link it with others in the 

Kenfig assemblage. The second sherd presented far more intriguing possibilities.
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It was presented as a very fragile fragment of pottery and it was immediately 

noted that the sherd was far more fragile than one would normally expect, even 

given extreme post-depositional conditions. On examination under a 

microscope, biological material was noted as being combined with the inclusions 

of the clay matrix. Under normal conditions, this material would be burnt off 

during the firing process and the possibility was raised that this represented an 

unfired pot sherd. This is certainly unusual, if not unique, in a Welsh context 

since one would normally expect the clay of an unfired pot to be re-absorbed into 

the surrounding soil. In Kenfig, however, this is possibly not as surprising as 

might be imagined since a building excavated in 1996 revealed clay, 'cob', walls 

which were exceptionally well preserved by the sand covering the entire site 

(Robbins: 1997). A small fragment of the sherd was given to a potter, who 

agreed to fire the piece as a briquette, using conditions that replicated those in a 

medieval kiln as closely as possible. This briquette, once fired, presented as 

similar in colour and texture to the Kenfig A sherds, and was allocated database 

number 101 and sent for analysis with the other examples from the Kenfig 

assemblage.

6.5 Monmouth.

Thanks to the work of the Monmouth Archaeological Society, a great deal is 

known about medieval Monmouth and its pottery. Steve Clarke of the society 

has made, and is still making, invaluable contributions to the study of the region's 

ceramic industry. The classification system assigned to the main fabric group n
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Monmouth, Monnow Valley Ware was devised by Clarke and is in widespread 

use. All of the sherds examined as part of this project come from one location in 

the town, numbers 69-71 Monnow Street. The lower levels of this street are 

made up of well stratified eleventh and twelfth century deposits and probably 

represent the earliest phase in the town's development. Monnow Street leads 

away from the castle founded by fitz Osbern in the late eleventh century 

(Beresford: 1988) and is the site of the original town market. The site appears to 

have remained in almost continuous occupation until the mid-fourteenth century. 

The assemblage is stored in Monmouth in premises owned by Mr . Steve Clarke. 

Following an examination of the appropriate documents and a selection made 

from Monmouth Archaeology's store it was decided to concentrate on MVW 

fabrics A5, A5B and A3, all of which are contemporary and date to the second 

half of the thirteenth century. Six examples of A3 fabric, and seven each of 

fabrics A5 and A5B were requested and obtained from Monmouth 

Archaeological Society and added to the study accession list.

6.6 Cosmeston.

Cosmeston lies in south Glamorgan, between the Sully area of Barry and 

Penarth, and is the site of a Deserted Medieval Village. Long term research 

excavations, carried out by Glamorgan Gwent Archaeological Trust (GGAT) 

began in 1983. These excavations eventually closed in 1989 although some 

further, limited, work by GGAT in 1991 helped clean and define an additional 

building, the brief on this second occasion being to locate the archaeology but
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not actually excavate it. In 1993, the Vale of Glamorgan Borough Council, the 

site's owners, commissioned Wessex Archaeology to carry out an additional 

excavation to the north west of the GGAT excavations. By 1988, a number of 

the buildings uncovered by the earlier excavations had been reconstructed, on 

their original footings, turning the site into a heritage and education centre; 

approximately a quarter of the original village is currently open for public 

viewing (Coles: 1989).

During the course of both the GGAT and Wessex excavations very little pottery 

earlier than the mid-thirteenth century was recovered. The earlier ceramic 

material that was present comprised a few Roman sherds and a number of 

examples of a twelfth century local fabric, possibly that described at Llantrithyd 

and categorised as either Llantrithyd ware or proto-Vale fabric by Vyner (1987). 

By far the largest ceramic group (87% of the 1993 excavations) is Vale Fabric 

and supports the view that the site dates from the mid-thirteenth century 

(Andrews: 1996). Vale fabric is noted in two variants, Vale Fabric 1 (VFl) and 

Vale Fabric 2 (VF2) and was first defined by Vyner (1982). VFl is essentially a 

fine ware, presenting as glazed jugs, similar in style and appearance to the 

Kenfig A wares noted above, while VF2 is a coarse ware, presenting either as 

unglazed jars or the unusual 'West Country' dishes discussed in Chapter 1 above. 

As previously noted VF2 fabric is similar to the Kenfig B fabric of this study.

The ceramic material recovered by Wessex Archaeology remains in their 

keeping, however the GGAT assemblage, which was originally 997 sherds, is

142



currently stored at two locations. The bulk of the material is at GGAT's 

headquarters in Swansea but a significant assemblage of several hundred sherds 

is still stored at Cosmeston; it is this second assemblage which was accessed in 

order to collect material for this research. While this material has been sorted, by 

fabric type into bags and stored in large cardboard boxes, it is reminiscent of the 

Usk material in that there are no adequate records covering the assemblage, a 

situation which is clearly far from satisfactory and needs addressing. Since the 

total number or types of sherds present in the collection was large, but of 

unknown quantity, collecting a representative selection of sherds could, 

potentially, have created a problem. Fortunately, a number of factors combined 

to ensure that this did not impede the research in any way. The Vale Fabrics 

were amongst the last to be collected and it was evident from desk-based 

research that the most important fabrics in the assemblage would be the VFl and 

2 variants. In addition, Nick Coles, one of the original excavation supervisors, is 

currently the Site Director at Cosmeston for the Vale of Glamorgan Borough 

Council and he was generous in giving his time and expertise in the process of 

sample selection. As with other sites, in particular Kenfig, all imported wares 

were ignored and only those fabrics manufactured locally were examined in 

greater detail. A total of seven sherds each of VFl and VF2 were collected. Of 

the VF2 fabrics five were from jars while two, sample numbers 108 and 109, 

were from incurved 'West Country1 dishes.
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Chapter seven

Methodology



7.1 Selection of Analytical Technique

After a prolonged investigation into the analytical choices available, the initial 

design proposal specified the use of Inductively Coupled Plasma, Mass 

Spectrometry (ICP-MS). As discussed above, this process is attractive to 

ceramologists for a number of reasons. The process is relatively cheap, the 

sample preparation required is minimal and the final results are accurate enough 

to allow a detailed comparison between fabrics to be made. In terms of this 

project, an additional perceived benefit was that the technique was well known 

and understood, having being used by a number of other ceramic researchers. To 

this end, the laboratories of the Department of Earth Sciences, Cardiff University 

was approached and they agreed to carry out the analysis.

At a fairly late stage in this project, so late in fact that the samples had been 

reduced to powder and were awaiting acid digestion for analysis by the ICP-MS, 

staff shortages at the laboratory meant that the ICP-MS was temporarily 

withdrawn from service. Waiting for this equipment to be available once again 

was not considered feasible as it would have compromised the timetable of this 

project. As an alternative, a Philips PW 1400 X-Ray Fluorescence Spectrometer 

(XRF) was offered. This offer was accepted because stage one of the sample 

preparation, the powdering of the sample, was identical in both processes 

meaning no time would have been lost. In addition the study by Adan-Bayewitz, 

(1999) noted in Chapter 4, which demonstrated that XRF compared favourably in
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terms of accuracy to Neutron Activation Analysis, indicated that this technique 

would be more than adequate for the purposes of this research.

7.2 Sample Preparation

As each sherd was removed from its original assemblage, it was placed in a 

"finds bag" and allocated a unique, three digit reference number. This number 

would remain with the sherd through every stage in the analytical process. The 

reference number, together with the fabric type, find location, a brief description 

of the fabric and inclusions, its weight and a Munsell colour were recorded in a 

master file.

In order to prepare the sherds for analysis by the XRF equipment, a number of 

processes were involved. The first stage involved removing all trace of glaze 

from the surface of each sherd. The sherds collected contained a mixture of fine, 

glazed wares and coarse, unglazed wares and it was realised that if the glaze 

material was allowed to remain on the sherd there was a danger that the chemical 

results would present a bias. The heavy metals, especially lead, present in the 

glaze material would, in effect, swamp the more subtle signals emitted by the 

trace elements in the body of the sherds. A decision was taken, therefore, to base 

the analysis on the clay matrix from the body of the sherds and to exclude the 

glaze from the analysis.

The glaze on many of the vessels was of poor quality and a large number of the 

sherds, which had been glazed at the time of their manufacture, were already
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glaze free due to post-depositional abrasion within the ground. A second set 

retained small areas of thin, patchy glaze while a third group, particularly the 

later Monnow Valley Ware vessels, still carried a glaze of excellent quality and 

depth. It was evident that these latter two groups needed work in order to 

standardise the sample set, ensuring every sherd tested was either unglazed or 

glaze free. In order to accomplish this, all glaze on the outer surface of each 

sherd was removed using an electric engraving tool. This device, which operates 

like a small jack-hammer, is normally used by palaeontologists to remove 

concretion from fossils; unsurprisingly, it proved to be easy to operate, precise 

and effective. Care was taken to ensure that the engraving tool used had a 

tungsten-tipped head; this would eliminate any possible contamination of the 

clay matrix and is discussed further below.

Once the surface glazes had been removed, each sherd was thoroughly washed in 

clean, distilled water, in order to remove any impurities which may have 

accumulated on its surface either during its time in the soil or while in the 

laboratory. It was then dried using laboratory tissue, a clean piece being used for 

every sherd. The sherds were then broken into small fragments by wrapping 

each in another piece of fresh tissue and striking the package with a hammer. 

This impact usually resulted in the sherd breaking into around six or seven 

fragments of approximately one centimetre or smaller and a quantity of coarse 

powder. All of this material was transferred into a TEMA crushing mill and was 

ground for thirty seconds; the resultant, extremely fine, powder was transferred 

into a clean finds bag and stored pending the next step in the preparation process.
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Finally, prior to crushing the next sample, all components of the TEMA and its 

surrounding work surface were cleaned and dried, eliminating cross- 

contamination between samples.

While it is acknowledged that the XRF analyser can, with little modification and 

preparation, view whole sherds of up to three centimetres, it is felt that the 

powdering of sherds offers a significant advantage. Limitations of the XRF 

process mean that only a surface scan of the sample can be carried out, in other 

words the equipment will not detect material within the body of the sherd. In 

addition, any inconsistencies in the initial mix of the clay by the potter may result 

in an uneven distribution of material within the clay matrix. The powdering 

process ensures the homogeneity of the sample.

For the next stage in the process, approximately 3 grams of powder were 

removed from each sample and accurately weighed; on average, the powder 

weights were 3.2g. A precisely equal quantity of fibrous cellulose powder was 

measured out giving an exact 1:1 ratio. The two powders were placed in a clean 

vial and mixed using an electric shaker for five minutes per sample, ensuring the 

mix was thorough. The mixed powders were placed in a fresh aluminium sample 

dish. The dish and powder were then transferred to a hydraulic press and 

subjected to 15 tonnes of pressure. At this pressure, the ceramic and cellulose 

powders fuse into a sold, flat disk contained within the aluminium dish. It is in 

this form that the sample is presented to the XRF for analysis.
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7.3 Sample Analysis

Discussions with Dr. Simon Chenery of the British Geological Survey had 

already indicated which elements, within the clays of south east Wales, would be 

likely to be found within the pottery sherds and would present good targets for 

the analytical equipment. Unfortunately, one of the problems with using the 

XRF equipment, as opposed to the previously selected ICP-MS equipment, was 

that the choice of elements to be analysed was no longer free. Where the ICP- 

MS analyser could simply be programmed with a list of elements, the XRF was 

pre-programmed with 'suites' of elements. These 'suites' were optimised for use 

with certain geological materials such as quartz and various rock types. 

Discussions with the equipment's operator established that the 'suite' optimised 

for clay and earth analysis would clearly be the most suitable for the purposes of 

this research.

The analysis itself is automated and can deal with 45 samples per run, these runs 

usually taking place overnight, each sample was analysed twice. On its first run 

the XRF detected thirteen elements: Pb; Ba; Sn; Zn; Cu; Ni; Cr; S; Cl; La; Ce; Cs 

and W. While on its second run, a further nine elements were searched for: V; 

Rb; Sr; Y; Zr; Nb; Co; As and Mo. In each case the results were expressed as 

parts per million (ppm).

The accuracy of XRF equipment can be variable and a number of external factors 

can cause fluctuations in the precision of the final readings. In an attempt to
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limit these influences the equipment is calibrated on a regular basis. During the 

initial research phase for this study some consideration was given to using a clay 

matrix available from the British Museum. This matrix is made up of precisely 

measured chemical elements, similar to those normally be found in commercial 

clay, and is inserted into the data set as a 'blank'. The blank then goes through 

the entire analytical process in the same way as any other sherd; at the close of 

the process, the results for the blank can be compared against its known chemical 

composition and an assessment of the equipment's accuracy can be made. 

Following discussions with the technician at the laboratory it was decided not to 

use the British Museum matrix but rather to use a Royal Geological Society 

(RGS) standard. This standard operates in a similar manner to the British 

Museum matrix in that a measured and known quantity of elements is presented 

to the equipment and the results compared for accuracy. This second approach 

had the dual advantages of being familiar and fully understood by the technician 

and was, in his opinion, slightly more accurate than the British Museum 

standard. Following a calibration of the equipment, using the RGS standard, its 

accuracy was shown to be better than ± 7%

Of the potential twenty-two elements, two were immediately excluded from the 

final analysis. The TEMA mill used to crush the samples is made from an alloy 

of cobalt (Co) and tungsten (W), and the head of the electric engraving tool was 

also tungsten, so these two elements were deemed ineligible for use. Since the 

ceramic material in the sherds is considerably softer than either pure tungsten or 

the cobalt/tungsten alloy the chances of any contamination of the samples was
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extremely remote but, nevertheless, it was clearly safer to discount these 

elements. As a known problem, this particular discard was planned from the 

outset and is why a tungsten-tipped engraving tool was selected over other steel 

or diamond tipped versions. The second discard, however, was not planned in 

advance.

During an initial examination of the data, prior to the commencement of 

statistical analyses, it was noted that a number of sherds, particularly those which 

belonged to well glazed fabric groups, showed inflated levels of lead. Since lead 

is a principal ingredient in medieval glazes there was a possibility that the entire 

glaze on some sherds was not removed by the engraving tool. As all the sherds 

had been examined under a magnifying glass for traces of glaze, this possibility 

seemed remote; indeed, it seemed more probable that the lead was actually part 

of the matrix. Despite this, the decision was taken to employ a lower risk 

strategy and discount the lead readings. At the same time it was also noted that 

the inflated lead levels were linked with a corresponding increase in levels of 

arsenic, tin, yttrium and molybdenum. Once again, this could have been genuine 

fingerprint information associated with the clay matrix rather than the glaze, but 

in order to eliminate all possibilities, these elements were also excluded from the 

final data set. As an aside, while the presence of lead, and to a lesser extent tin, 

in glaze might be anticipated, the presence of arsenic, yttrium and molybdenum 

are something of a surprise. These have not been reported in other studies 

focussing on ceramic glaze, in particular the study of medieval ceramics by 

Bruno and Caselli (Bruno et ah 1994). A case can be made, therefore, for a
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future study which will examine the composition of the glazes applied to the 

medieval ceramics of Gwent and Glamorgan in order to explain this apparent 

anomaly.

Since the levels of caesium in the sample were consistently below the reliable 

detection limits for the apparatus, this element was also removed from the table 

which went on to the next stage of the analysis.

7.4 Statistical Analysis

The fourteen elements which remained were then transferred into statistical 

analysis packages and can be examined in the Appendix under Data set 1. The 

packages selected were Microsoft's Excel, which was used as a master storage 

point for the data and for all univariate and some bivariate analyses; and Minitab, 

which was used for all higher level functions such as the multivariate analysis 

and the generation of diagnostic plots.

The first stage of the analysis was univariate in nature and was carried out on the 

advice of Dr. John Magee, a professional statistician. Each variable or element 

was plotted onto both a histogram and stem and leaf plot, allowing the 

distribution curves of the data to be examined. Dr. Magee argued that in his 

experience, variables that did not show a good normal, or Gaussian, distribution; 

in other words distribution curves which were skewed to one side; would have an 

adverse affect on the entire data set and, ultimately, the final, multivariate, stage
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of the analysis. It was Dr. Magee's recommendation to remove, or trim, these 

skewed variables from the data set. Five elements were shown to have skewed 

distribution curves with the remaining nine all demonstrating the 'normal1 

distribution curve. The five elements which were highlighted for trimming out 

of the data set were Cl, La, Ce, V and Nb, leaving Ba, Zn, Cu, Ni, Cr, S, Rb, Sr 

and Zr to progress to the final multivariate stage.

In order to validate Dr. Magee's argument, a multivariate Principal Components 

Analysis was carried out on both the complete, untrimmed, original fourteen 

element data set and the trimmed, nine element data set. The results for both 

analyses are shown in the Appendix. Data set 2 shows the untrimmed data, while 

Data set 3 shows the trimmed data. It can readily be seen that the eigenvalues for 

the first principal component (PCI) are remarkably similar in both tables, PC2, 

however, shows significant changes. For the untrimmed data set, PC2 is 

invariably given as a negative eigenvalue, a value which is transformed into a 

positive number in the trimmed data set. To complete the comparison between 

trimmed and untrimmed data a number of two axis graphs were generated using 

SerpikSoft's graph making package.

Of the graphs plotted, Graph 1 below shows sherds of Monnow Valley Ware A5 

and A5B fabrics from both Monmouth and Trelech and is generated using 

untrimmed data,
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Graph 1: Monnow Valley Ware from Trelech and Monmouth. 
Graph generated using untrimmed data

whilst on the following page, graph 2, shows the same sherds generated using 

trimmed data.
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Graph 2: Monnow Valley Ware from Trelech and Monmouth. 
Graph generated using trimmed data

As can be seen, both graphs show the sherds separating into clearly defined 

groups; the archaeological implications for this will be discussed later. The 

statistical implications, however, indicate that while the sherds group together in 

a similar manner in both graphs, the groups are a little more sharply defined in 

the graph generated using trimmed data. The archaeological interpretation would
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probably be the same regardless of which data set was used but that 

interpretation appears to be clearer and easier to make when the trimmed data is 

examined. While only one example is given here, a large number of comparative 

graphs were generated, using different sherds as data points, with similar results 

in each case. Having established that trimming the data would not compromise 

its integrity in any way, and would not yield dramatically different 

interpretations, it was decided to use trimmed data in all further Principal 

Components analyses. All graphs, with the exception of the example given as 

Graph 1, are generated via trimmed data. As outlined in Chapter 5, the 

eigenvectors were calculated using the covariance of the data matrix, the solution 

proposed by Aitchison (1986).

On completion of the Principal Components Analysis, Minitab was again 

employed, this time to carry out a Correspondence Analysis on the data. Despite 

the fact that the Principal Components Analysis had demonstrated that there was 

little difference between results using either the trimmed or untrimmed, no 

information could be found which would indicate that the same would apply to 

Correspondence Analysis. As a result, it was decided to generate sample graphs 

using both data sets and comparing results, as was done with the Principal 

Components Analysis. Both graphs were different, but not markedly so, leading 

one to the conclusion that in this case, unlike Principal Components Analysis, 

trimming of the data made no significant difference to the outcome. For 

information purposes, the co-ordinates generated from the trimmed data set are 

given in the Appendix under Data set 4.
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The graphs generated by Correspondence Analysis were generally not as 

informative as those generated by Principal Components Analysis. The data 

points did separate into distinct fabric groups but the division was certainly not 

as clear as was the case with Principal Components Analysis. The data 'clouds' 

often had overlaps and the 'outliers', data points, which had no clear point of 

attachment to the main group, were far more pronounced. Graph 3 below uses 

the same Monnow Valley fabrics as the example quoted above and can be 

directly compared with them.

0

a

a

• • • • MVW-A5(Trelech)
• • • • MVW-A5(Monmouth]
D n n D MVW-A5B(TrebdiJ
D D Q D MVW-A5B(Monmouth)

Graph 3: Correspondence Analysis of the data set used in graphs 1 and 2 above
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Had a Principal Components Analysis of the data not taken place, it would 

certainly have been possible to draw conclusions from the Correspondence 

Analysis alone, but the interpretation of the data would have been more 

problematic. For the provenancing of geological materials, Correspondence 

Analysis appears to be a standard tool, (Aspinall & Feather: 1972) but, to date, it 

has not been widely used in ceramic provenancing. This is unfortunate as 

Correspondence Analysis is an underused tool, which can provide the researcher 

with a different perspective in which to examine the relationship between fabrics. 

Principal Components Analysis relies on absolute numbers for its calculations, 

while Correspondence Analysis calculates the relationships between cases via 

ratios. Because of this fundamental difference, it is felt that Principal 

Components scores are, statistically, the more reliable of the two for provenance 

studies and, following the lead given by most major provenance studies, is the 

preferred analytical tool for this research. Correspondence Analysis is used in 

this study, both as a calculation check, confirming the groupings postulated by 

Principal Components Analysis and also to provide a different focus in the 

discussions on a number of fabrics.

The final statistical analysis to be undertaken, Discriminant Analysis, was 

considered to be a check on the groupings provided by Principal Components 

Analysis. The Discriminant Analysis utilised the complete, untrimmed data set 

since the calculations for this process are not made via eigenvectors. The groups 

suggested by the Principal Components Analysis were organised into rows on a 

database and each group allocated an identifying number, as described in Chapter
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6 above. The full results are given in the Appendix under Data set 5. A broad 

summary of the results indicates that the samples are, statistically speaking, 

placed in their correct groups. The two experimental samples from Kenfig, 

accession numbers 101 and 102, were not included as they cannot be allocated a 

group using this process, which left a total of nineteen fabric groups containing 

one hundred and fourteen samples. The analysis suggests that eighty five of 

these are statistically correct, a success rate of some 74.6%. This does not mean, 

of course, that the remaining 25.4% are incorrectly placed, simply that they fall 

outside one standard deviation and are discounted by the programme. Generally 

any total score which exceeds one standard deviation, or 68%, is considered a 

good match.

In general, the statistical results exceeded all expectations with clear fabric 

groupings emerging. With more data these groups can only become more 

refined. The results themselves, and their implications, are discussed more fully 

in Chapter 8.
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Chapter eight

Analysis and Interpretation of Results



8.1 Data Analysis and Interpretation

In order to apply the findings of the previously discussed statistical analysis in an 

effort to understand Welsh medieval assemblages more fully, it was decided to 

use the Principal Components data, from the trimmed, covariance matrix, as 

described in Chapter 7, as the primary exploratory tool in interpreting the results. 

Additional data from the results of the Correspondence Analysis would also be 

used to clarify the interpretations where necessary. In the initial phase the results 

for all one hundred and sixteen samples were plotted onto one master graph. 

This graph clearly showed the fabrics clustering into their respective groups, but 

did not show any significant regional variation between the fabrics. Given that 

the clays of south Wales are essentially similar in composition, with only subtle 

changes differentiating them (Owen: 1973) this is, perhaps, unsurprising. For the 

second stage, the samples were separated by county of origin and plotted onto 

graphs, giving graphs for Gwent and Glamorgan.

As would be expected, these second graphs, carrying less information were 

considerably easier to interpret and allowed the early identification of two issues 

that would warrant further study. The first was highlighted in the Gwent fabrics 

and posed questions regarding the relationship between the Monnow Valley 

fabrics found in Monmouth and those found in Trelech. Sherds from both sites 

were assumed to be derived from a similar clay source and were produced in the 

same location. Accordingly, the sherds from Monmouth and Trelech were all 

classified as Monnow Valley Ware (MVW) Additional questions arose
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concerning the relationship between the, apparently, independent Usk fabrics and 

both of the Monnow Valley groups.

In Glamorgan, a similar concern was highlighted and concerned the relationship 

between the fabrics found at Kenfig and Cosmeston. This second issue was more 

complex than that posed by the Monnow Valley fabrics. These fabrics are 

classified as different wares yet are typologically similar and have parallel, 

though not identical distribution ranges. The Glamorgan fabrics also presented 

secondary problems centring on the wares from Loughor and a large body of 

unidentified local material, both of which were excavated at Kenfig. The 

relationship between these groups and those from the greater assemblage at 

Kenfig would need to be clarified.

8.2 The Gwent Material

Since the University of Wales College Newport has an ongoing excavation at 

Trelech it was decided to carry out the initial interpretation of the statistical 

results on the Gwent fabrics, concentrating on the Monnow Valley Wares. 

Clarke has pointed out that the distribution of the Monnow Valley fabrics would 

appear to centre on a kiln, or kilns, in or near to Monmouth itself (Clarke: 1987). 

Indeed, as this research was nearing completion, the Monmouth Archaeological 

Society unearthed a number of kilns within the town. In particular, a kiln 

discovered early in 2002 at Drybridge, a little outside the medieval town limits, 

shows clear evidence of Monnow Valley Ware kiln waste (Clarke: pers. comm.).
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With the pottery industry well established at the town it would be tempting to see 

Monmouth as the source for all Monnow Valleys Wares discovered in the region; 

the distribution of the wares taking place via the local markets. This model was 

certainly the one in use by the excavators at Trelech for some time. However, a 

kiln waster recovered from Trelech and reported by Howell (1989) and 

subsequent examples of wasters from excavations in 2001 and a test pit dug in 

2002 (Howell: pers. comm.) raised the possibility that a secondary source, local 

to Trelech, may have been active by the late thirteenth century.

The castle at Trelech is first noted in the historical record in 1231, but is more 

likely to date from the late eleventh or early twelfth centuries. This is 

particularly the case in view of dendrochronology dates obtained from bridge 

timbers, unearthed near the castle, during a, 'watching brief undertaken in April 

2002. These timbers provided a felling date of 1226 - 27 (Howell: pers. comm.). 

Little expansion would appear to have taken place in the town until it underwent 

a remarkable transformation in the few years immediately after 1245, when 

Richard de Clare inherited the Marshal possessions, following the death without 

heir of his uncle, Anselm, the youngest of William Marshal's sons. By 1288 it 

was recorded as having 378 burgage plots, making it the second largest town in 

late thirteenth century Wales (Penrose: 1997).

The appearance of late thirteenth century Monnow Valley pottery at Trelech 

allows some conjecture as to how the pottery arrived at Trelech. The wasters 

noted above provide strong circumstantial evidence for a local kiln but must, in
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the first instance be treated with some caution. In a paper written for a 

conference at Saint Omer, France, Lewis (1986) noted that wasters were 

occasionally used as packing material in the transport of other goods, raising the 

possibility that the Trelech wasters arrived during a secondary, unspecified, 

commercial transaction. In order to explore this possibility fully, other 

mechanisms for pottery exchange must be examined. These mechanisms will be 

discussed more fully below but broadly, if the Monnow Valley Ware was, as 

assumed, manufactured at Monmouth two means by which the pottery arrived at 

Trelech can be hypothesised. In the first, the inhabitants of Trelech would visit 

Monmouth market in order to purchase pottery, while in the second a potter or 

third party, such as a merchant, would bring pottery to Trelech market. Either 

option is not beyond the bounds of possibility; Trelech is only seven kilometres 

from Monmouth and easily within walking distance.

A number of examples of early Monnow Valley were examined from the Trelech 

assemblage. These sherds of MVW Al and A2 fabric are known from contexts 

in Monmouth and usually occur in the earliest layers dating to the twelfth 

century. As previously noted in Chapter 6, the MVW Al and A2 sherds under 

study here were recovered from Trelech from excavations carried out near the 

castle in what is presumed to be the earliest section of the town. Unfortunately, 

no examples of MVW Al and A2 fabrics could be obtained from a known 

Monmouth context, which would allow a direct comparison to be made; the 

study did, however, have examples of the later MVW A5 fabric. Graph 4 below,
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shows the early Trelech MVW Al and A2 sherds plotted against the Monmouth 

A5 and A5B sherds.

AY

is

• • • • MVW-A5 (Monmouth) 
n n D n MVW-A58 (Monmouth)
* + * * MVW-A1 (Trelech) 
oooo MVW-A2 (Trelech)

Grap/z 4: Twelfth century Trelech sherds compared against Thirteenth century
Monmouth sherds

Given the lack of direct comparative material it would be unwise to draw firm 

conclusions from this graph but it can be noted that the A2 sherds show an 

affinity to the A5 sherds, while the Al sherds appear to correspond to the A5B 

sherds. This, admittedly, tentative hypothesis can at least be partially confirmed 

statistically by running a t-test analysis on the samples. Each element in the A2 

sherds can be compared to its counterpart in the A5 sherds, and likewise each 

element in the Al compared with those in the A5B samples. Using the table
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devised by Drennan, outlined in Chapter 5, the match between the early Trelech 

fabrics and the later Monmouth examples can be said to be 'fairly likely1 . Clearly 

further work needs to be carried out here, but, given the currently available data, 

the implication is that the earliest sherds from Trelech were probably 

manufactured at a source near to Monmouth. If this is the case the exchange 

mechanism for the pottery was probably as noted above with purchasers from 

Trelech either travelling to Monmouth or a Monmouth-based supplier visiting 

Trelech market.

This does not seem to be the case with the later pottery from Trelech, once the 

town had expanded in the mid-thirteenth century. If one takes the view that the 

wasters were not packing material but were, indeed, the product of a local kiln, 

evidence to support this view needs to be considered. The wasters observed are 

certainly of a later fabric, probably of type A5 and as such fall into the time 

period when the town was at its peak of activity. Economically the town could 

certainly support a potter. A typical late thirteenth century household would 

house two adults and three children (Dyer: 1989) and, if Trelech in 1288 had 378 

burgages, allowing for some variation to this average household figure, the urban 

population of late thirteenth century Trelech would probably have been between 

1,750 and 2,000. This is a considerable market, which would have been open to 

exploitation by a number of different tradesmen and craftsmen. It is 

inconceivable that a potter, working with profits that were at best marginal would 

fail to see the opportunities presented by opening a kiln at Trelech.
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One of the main objections to this model is that the later A5 and A5B sherds 

from Trelech look identical to their counterparts from Monmouth, a view 

endorsed by Steve Clarke (pers. comm.). Sherds from both locations derive from 

vessels of a similar size and form, the glaze and any rouletted decoration present 

are consistent and the body colours for both are equally consistent on the 

Munsell scale. In addition, the inclusions in the sherds from both locations, 

when examined with a microscope, would lead one to the conclusion that the 

vessels represented the produce of a single clay source, which was probably near 

Monmouth.

If the Trelech sherds were, indeed, manufactured in Monmouth one would expect 

the sherds to be chemically identical and to overlap each other when the 

Principal Components scores for these sherds are plotted onto a graph. The 

resultant graph is shown below.
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Graph 5: Relationships between MVW sherds from Trelech andMonmouth

From this graph it can be noted that the MVW A5 sherds from Trelech form a 

particularly cohesive group, probably indicating the use of a single clay source, if 

not a single kiln. By contrast, the MVW A5 sherds from Monmouth would 

appear to group into two separate locations on the graph, to the left of the Trelech 

fabrics. More samples are required in order to draw definitive conclusions but, 

since the two groups present as reasonably homogenous clusters it can be 

suggested that these represent the products of two clay sources or kilns. In view 

of the number of potential kiln sites identified within the town by Clarke (pers. 

comm.) this hypothesis would seem to be confirmed archaeologically. Indeed, it
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may well be the case that each individual kiln has its own unique signature and 

further analysis of the wasters from these kilns may allow an accurate assignment 

of sherds to kiln.

The A5B sherds are clearly shown in the graph as being chemically separate 

from the A5 parent group and again, differences between the products of Trelech 

and Monmouth can be observed. What cannot be ascertained from the results is 

whether or not the A5 and A5B sherds are manufactured in separate kilns. The 

separation of the A5B groups from the A5s may be the result of the increased 

volume of sand used as temper in this fabric. The chemical 'noise' generated by 

the silica in the sand could be the only agent responsible for pushing this group 

closer to the Y axis. Equally however, the separation could be the result of the 

distinct kilns or clay sources, with potters essentially specialising in one fabric or 

the other, or indeed a single kiln using a changing clay source. Steve Clarke 

(pers. comm.) has noted nothing in his excavations to date which may suggest 

that A5 and A5B sherds were being manufactured at separate kilns, so the former 

explanation would, at this point in our understanding, appear the more likely. 

Why a potter would produce both fabrics is unclear excepting that the A5 sherds 

are, subjectively, the more attractive of the two having a brighter glaze and a 

redder body colour. By contrast, the A5B fabrics are slightly grey in colour but 

are harder fired due to the sand inclusions and they may, therefore, be a little 

more resilient in a domestic situation.
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The graph highlights a number of outliers, most of which are the result of 

anomalies in the chemical matrix of the sherds and should be discounted as 

abnormal examples. This is an expected result as a small number of sherds will 

always exhibit markedly different concentrations of chemicals from the majority 

of the group members. One sherd, however, may indicate a different cause. A 

single A5 sherd excavated at Trelech presents to the left of the Monmouth A5 

group, but does appear to belong to that group. While this sherd may be a 

coincidental outlier, as described above, it is statistically more likely that the 

sherd was actually manufactured in Monmouth and brought to Trelech. There 

may have been a limited market for Monmouth pottery in Trelech, but given the 

similarity of the two wares, this would seem unlikely. Other explanations 

include, but are not confined to, the pot arriving in Trelech as a gift, as the result 

of a family relocating from Monmouth into Trelech and bringing their 

possessions with them or that the contents of the jug were purchased, making the 

vessel itself coincidental. Taking the Trelech fabrics as a whole, the most likely 

explanation for their superficial similarity, yet chemical difference, to the 

Monmouth material would be that a potter, or potters, migrated to Trelech 

probably, but not necessarily, from Monmouth. The workshop subsequently set 

up produced pottery in the distinctive Monnow Valley style but using locally 

sourced raw materials.

A fabric variation unique to Trelech can be seen in the A5B (i) group excavated 

at Trelech during the ongoing UWCN research programme. Not shown on any 

of the above graphs, since a direct comparison of the A5B fabrics from
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Monmouth and Trelech was desired, this group is similar in many ways to the 

standard A5B fabric sequence except that the temper used has pronounced sand 

inclusions. The graph below shows how this group separates well from the 

parent Trelech A5B group.

x

MVW-A5B-Trelech 
MVW - ABB fil- Trelech

Graph 6: Showing the Trelech A5B andA5B(i) variant

Having established a baseline for the fabrics of Trelech and Monmouth, the 

second fabric to be analysed was the Usk group. The intention here was to 

attempt to highlight similarities between the fabrics of Usk and Trelech,
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particularly in light of the previous findings, giving Trelech a distinct ceramic 

industry.

-B- X

• • • • UskA
D D D O UskB

Graph 7: Usk fabrics A and B

The initial plot shown hi Graph 7, above shows Usk fabrics A and B. The two 

fabrics form a reasonably homogenous whole, with a division near the top of the 

data cloud separating the A fabric from the B. The close relationship between 

the two is expected given their observed similarity and their probable 

manufacture from a common clay source (Courtney: 1994).
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Usk lies thirteen kilometres (eight miles) to the south west of Trelech and both 

are surrounded by geologically similar outcroppings (Owen: 1973).

x

• • • • Usk A
D D D D UskB

• • • • MVW-A5(Tretech)
D D n D MVW-A5B (Trelech)

Graph 8: Comparison between Usk and Trelech fabrics

The second Usk fabric graph, shown above, plotted Trelech MVW A5 and A5B 

wares against Usk A and B fabrics. As can be seen, the Trelech A5 fabrics form 

a distinct group to the left of the Usk A sherds indicating no relationship between 

the fabrics; the Trelech A5B fabrics, however, overlay the Usk B fabrics, 

aligning almost perfectly with them. The plotted match is so good, that had these 

fabrics looked alike, the natural conclusion would have been to suggest that they
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originated in the same kiln. The actual situation is, however, that when the two 

wares are compared visually they are different in almost every respect. The 

overlap may be explained by a number of factors; the clay pits used as a source 

for these two wares would presumably be geographically close and it was 

observed, using a microscope, that both appear to be tempered by alluvial 

deposits. It would not be unreasonable to suggest that the alluvial derived temper 

could also be obtained from geographically close sources. The situation can be 

clarified a little when the Usk and Trelech fabrics are plotted using 

Correspondence Analysis as a cross-check; these results are shown below.

Jn a X

• • • • Usk A
D D D D UskB

• • • • MVW-A5 (Trelech)
n o D a MVW-A5B (Trelech)

Graph 9: Comparison between Usk and Trelech fabrics 
using Correspondence Analysis
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In this analysis the groupings for Usk A and B and for Trelech A5 are, once 

again, quite distinct. Interestingly, in this case, the Usk B fabrics are beginning 

to show signs of separating into two sub-groups and the Trelech A5B fabric only 

overlaps one of these. The clear implication here is that at least two, if not three, 

kilns are in operation in thirteenth century Usk with one of them using a clay and 

temper source which is very similar to that used by Trelech potters. At this 

stage, no medieval kiln has been located in Usk. The only known kilns are of 

post-medieval date and are located at Gwehelog, a short distance to the north east 

of the present town, however, Paul Courtney has already observed that the post- 

medieval industry located here may have medieval origins (Courtney: 1994). 

These kilns are certainly closer to Trelech than the town of Usk itself, albeit by 

only a few kilometres, but they may be possible candidates in the search for a 

kiln producing wares which have a similar chemical fingerprint to Trelech. In 

order to clarify this situation, more analysis should be carried out, principally on 

the chemical structure of Gwehelog pottery; this can then be compared with the 

fingerprint signatures of medieval Usk B and Trelech A5B wares.

8.3 The Glamorgan Material

With the statistical analysis and interpretation of the Gwent fabrics completed, 

attention was turned to the Glamorgan fabrics. This group of fabrics is 

interesting for a number of reasons. The distribution of Glamorgan 

manufactured pottery is generally wider than is usual for other locally
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manufactured ceramics, a facet that is discussed more fully below. In addition 

each of the various Glamorgan fabrics, in particular those manufactured in 

central Glamorgan, are remarkably similar in form and general make-up, 

suggesting a wide degree of co-operation, or at least agreement, amongst the 

region's potters.

Two fabric groups dominate the pottery assemblages of Glamorgan, Vale Fabric 

and Kenfig ware. Vale Fabric was first defined by Vyner (1982) and would 

seem to have a production centre, or centres, somewhere to the west of Cardiff 

while Kenfig ware was defined by Frances and Lewis (1984) and was probably 

produced at a location to the south of Bridgend. As previously noted in both 

Chapters 1 and 4 above, each of the two fabrics present in distinct types Vale 

Fabric 1 (VF1) and Vale Fabric 2 (VF2); and Kenfig fabric A and Kenfig fabric 

B.

The Vale Fabrics and the Kenfig wares are extremely difficult to differentiate 

from one another, a situation exacerbated by the fact that the distribution patterns 

for both types are similar, with both clustering around Cowbridge or west Cardiff 

and Bridgend. This difficulty in recognition was acknowledged by Alan Vince 

in his report on the pottery assemblage at Chepstow, where a number of 

examples of finewares of both types were noted; Vince categorised Kenfig A 

wares as Hg and VF1 as Hh. (Vince: 1991). Given both this superficial 

similarity and the near identical distribution patterns of the two wares, they 

presented as obvious candidates for chemical fingerprinting.
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Graph 10: Kenfigand Vale fabrics

The Principal Components Analysis scores for both fabric types are plotted in 

Graph 10, above. For this graph, variations in each of the Kenfig fabrics, noted 

during the initial examination and sample collection stage, Kenfig A(i) and 

Kenfig B(i) are also plotted. The sherds divided neatly into four groups, some of 

which were more cohesive than others. The most cohesive group was formed by 

the VF2 sherds, closely followed by the Kenfig A samples. The Kenfig B sherds 

formed a clearly defined cluster, although not as tightly grouped as either of the 

first two clusters, while the VF1 sherds presented with the least homogenous 

cluster. It was apparent, when examining the graph that a certain amount of 

misidentification had taken place with the finewares under study. During sample
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collection at Kenfig, three sherds of VF1 had been identified and included as 

Kenfig A wares, while two sherds of Kenfig A ware had been collected from 

Cosmeston and labelled as VF1 fabrics. Some comfort was derived from the 

knowledge that, in the case of the Cosmeston fabrics, the excavators from 

Glamorgan Gwent Archaeological Trust had made the same misidentification. If 

nothing else, these errors serve to highlight the similarities between the fabrics. 

The Kenfig variants, A(i) and B(i) attached themselves to the outer edges of their 

respective groups, indicating that they should probably be considered parts of the 

larger A and B clusters.

In order to add a second dimension to the observations on this group, an 

additional graph was plotted using Correspondence Analysis and is shown in 

Graph 11, below. The comments for this graph are, essentially, as for Graph 10. 

The sherds plot into the same four, distinct, groups with, once again, the three 

misidentified sherds from Cosmeston attaching themselves well to the Kenfig A 

group and the two misidentified Kenfig sherds showing a clear affinity with the 

Cosmeston VF1 group. In this second graph, the Kenfig B and B(i) sherds are 

considerably more cohesive and in general, the fabric groupings are more 

convincing. In addition, the second graph shows well the close relationship 

between all the fabrics, with each of the defined clusters being near neighbours.
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Graph 11: Kenfig and Vale fabrics generated via Correspondence Analysis

To further demonstrate the close relationship between the fabrics, a t-test was 

carried out comparing VFl with Kenfig A and VF2 with Kenfig B. In each case 

the average scores were in the range p = 0.30 - 0.40. In interpreting these scores 

one would conclude that since they fell between p = 0.20 (Match fairly likely) 

and p = 0.50 (Match very likely), statistically, the chances of the samples 

deriving from the same source was high. Clearly the sherds from Cosmeston, the 

Vale Fabrics, are different from their Kenfig counterparts but equally, they are 

not that divergent. Given that an objective of this study is to group the wares 

into families one could extend the analogy and state that if the two wares are not 

immediate family, they are certainly cousins.
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This would tend to confirm the work carried out by Alan Vince in his 1984 thesis 

where the Vale Fabrics recovered from Cosmeston, Llandough and other 

locations around Cardiff referred to as South Glamorgan Wares (Vince: 1984).

This South Glamorgan Ware would appear to be present throughout the county, 

but there is still a great deal of work to be done and sherds from other sites 

should be tested against this current data. This would ensure that these findings 

are consistent and that the ware is, in reality, countywide in its distribution. As 

an example, at the end of the sample collection phase for this study, an 

assemblage from Swansea was examined. This assemblage was part of a private 

collection, gathered as a result of field-walking in West Glamorgan. Sadly 

adequate notes had not been kept, but assurances were given that all sherds were 

from Swansea or its locality. Of the medieval sherds, a number clearly exhibited 

characteristics that would identify them as a generic Vale Fabric or, to use 

Vince's terminology, a South Glamorgan Ware. In addition, sherds from Briton 

Ferry, near Neath (Redknap: 1995) and Rhossili, Gower (Sell: 1987) have been 

identified as Vale Fabric. A further subdivision may be required and the use of 

Vale Fabric 3 (VF3) suggested by Freeman (1996) and noted in Chapter 1 above 

could easily be adopted.

With regard to the remaining sherds analysed from the Glamorgan group, those 

sherds which were classified as Kenfig - Unknown were plotted onto a graph but 

did not form a cohesive group. The Loughor sherds were also plotted onto the 

same graph; these presented as a very tight, cohesive group, slightly to the right
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and below the Kenfig B fabrics. Neither of these fabrics were considered further 

and the graph not included in this study, the former as no firm conclusions could 

be drawn from so disparate a group and the latter because there was no similar 

fabric under analysis which could be compared against it. It is hoped that further, 

future, analysis will allow a comparison of the West Glamorgan and Afan Valley 

fabrics.

Two sherds were recovered from the Kenfig assemblage which were treated as 

experiments. As noted in Chapter 6 above, one sherd was recovered from the 

base of a fire and was burnt beyond identification by normal means while the 

second appeared to be a fragment of, 'leather hard' pot which had been air dried 

but not fired. Both sherds were treated to the same chemical and statistical 

analyses as the others and were eventually plotted onto a graph with the other 

sherds from Kenfig and shown below.

The fragment of burnt sherd still proved elusive. On this graph it attaches well to 

the Kenfig B fabric group but, it must be acknowledged, that it also lies on the 

overlap between this fabric and VF1 and so could equally belong to this group. 

A t-test carried out on this sherd was equally inconclusive. On balance of 

probability, one could argue that a Kenfig B coarse ware pot would be the more 

likely candidate for being placed into a fire in this manner, a VF1 fineware jug 

presumably being inappropriate for this kind of activity.
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Graph 12: The Kenfig 'Experimental'sherds

The results for the second sherd were clearer. Following firing, it presented with 

the same Munsell colour as the Glamorgan fineware series, whether VF1 or 

Kenfig A and, apart from the lack of a reduced core, common in the Glamorgan 

finewares, could not be easily differentiated from them. Once plotted onto the 

graph, it was clearly identified as belonging to the Kenfig A group. The 

implications here are clear. As an unfired pot it could not have survived a 

journey of anything greater than a few metres. The kiln that should have fired it, 

therefore, is probably close to the Kenfig Society's current excavation. 

Unfortunately, this excavation abuts the archaeologically scheduled area of
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Kenfig medieval town and, since the area away from the scheduled boundary has 

already been extensively explored by the Society, one must conclude that, if the 

kiln exists, it is inside the scheduled boundaries. On a more positive note, the 

remarkable level of preservation of both artefacts and structures so far noted by 

Kenfig Society would indicate that this kiln, if and when it is eventually 

excavated, will prove to be an excellent resource.

As previously noted, an additional common factor between both Vale and Kenfig 

fineware fabrics is their exceptionally wide distribution range. The same does 

not appear to be true for their respective coarse wares, which in common with 

other coarse ware vessels show a limited distribution pattern. It may be helpful, 

therefore, to pose questions concerning the distribution mechanisms of pottery in 

south east Wales in an attempt to clarify some of the distribution patterns 

previously highlighted.
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Chapter nine
The Distribution of Medieval Pottery in Gwent and Glamorgan



9.1 Medieval potters and their working practices

How potters organised their workload and how much pottery they ultimately had 

to trade, as a result of their efforts, has a direct bearing on the mechanisms used 

to distribute their goods. Any discussion of distribution methods must first 

consider the working practices of potters in an attempt to quantify how much 

time they were able to devote to potting and how much time they had left in 

order to market the finished goods. Hodges (1988) notes that deserted medieval 

villages (DMVs) in the west Midlands and north Yorkshire show a large range of 

wares, including some high-status table wares. He suggests that assemblages 

such as these hint at an extremely efficient marketing system, which is, at first 

sight, a little surprising given the assumed low status of the potters who produced 

the goods.

The potters of medieval Britain were certainly amongst the poorest members of 

society, that potters were poor was not always the case as the potters at Westbury 

were recorded as paying 20 shillings a year rent in Domesday. However, three 

hundred years later, for the 1381 Poll Tax return, potters are taxed as unskilled 

labourers. In Colchester in 1301, the only potter mentioned in the lay subsidy 

was in the bottom 11% of those surveyed. This is probably explained by another 

entry in the same roll, which indicates that 44% of the population owned one or 

more metal cooking pots. The increasing availability of metal meant that potter's 

products were no longer required in anything like the quantities that they 

previously were. Despite this relative poverty, some potters managed to

182



establish fairly large workshops. In 1279, Adam Benyth of Woodstock is 

recorded as owning a tenement with a kiln and garden. In addition he owned two 

stalls and a workshop arranged around a yard (Cherry: 1991).

Even this modest facility is a long way removed from the post-medieval and 

early seventeenth century industries. In later arrangements, which were 

organised in a modern industrial manner, tasks were divided between team 

members so distinct phases of the operation such as preparing the clay, throwing 

the pot, adding decoration, glazing and firing were all carried out by separate 

individuals (Draper & Copland-Griffiths: 2002). The medieval potter relied on 

his family or, occasionally, on hired labour and evidence from Toynton in 

Lincolnshire indicates that sons followed fathers into the business (Cherry: 

1991).

In medieval Wales in particular, the potters were probably poorer than their 

English neighbours. The population, and hence the potential market was much 

smaller than in England, especially when the previously noted reluctance of 

native Welsh society to use ceramic goods is taken into account. Where the kilns 

described at Bristol, Ham Green by Ponsford (1978) are large structures, firing 

hundreds of pots at any one time, the kilns of Wales are considerably smaller. 

The medieval kilns so far excavated in Wales all appear to be basic single flued 

types, with insubstantial walls, which were possibly of mud construction. They 

were all oval and around 2 metres long, firing approximately thirty pots at any 

one time (Wrathmell: 1981; Clarke: pers. comm.). It is becoming increasingly
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likely that the potters of Gwent and Glamorgan were part-time craftsmen, 

combining potting activity with small-scale farming. They were, as already 

noted, effectively sole operators working their business with the assistance of 

their immediate family and not as part of any large scale enterprise, although 

some local co-operation between potters, and indeed other craftsmen, may have 

taken place. In fourteenth century Oxford potters and charcoal burners shared a 

market stall while some potters sending goods to Newmarket are noted in court 

records as sharing a cart in order to get their goods to point-of-sale (Moorhouse: 

1983: 55).

The subsidy roll of 1332 from Perm in Buckinghamshire shows Henry Tyler as 

owning, 7,000 tiles, 1 cow, 1 V* bushels of mixed grain, 3A of a bushel of oats and 

5 % sacks of lime. Rural potters in general appear to have held between 3 and 5 

acres of land by the late fourteenth century (Cherry: 1991). Henry Tyler's 

reliance on agriculture to supplement his tiling business is clear and there is no 

reason to suppose that the situation was any different in Gwent and Glamorgan. 

Indeed, the two activities dovetail together well.

During the winter months potting is made almost impossible by poor weather. 

The greater likelihood of rain will make firing a kiln difficult, even if, as was 

sometimes the case, a crude shelter was constructed around the kiln. The wood 

to fire the load would at the very least be damp, as would the oven itself, 

meaning greater amounts of fuel would have to used simply to heat the kiln to a 

reasonable temperature before firing commenced. In addition, once a pot was
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built, it would have to be allowed to air-dry to a state known as 'leather hard'. In 

damp conditions this would take considerably longer and the pot may never be 

sufficiently dry at all. The presence of any moisture, either in the kiln or in the 

load to be fired, could, potentially, be disastrous.

Some potting related activity could take place during the winter. It is perfectly 

possible to spend the winter months collecting stockpiles of raw materials. 

Gathering of wood is certainly easier in winter, when the foliage is down, and 

evidence from Laverstock suggests that much of the fuel used in the last firing of 

the kiln there was collected from hedgerows and fallen branches (Musty: 1969). 

Loads of temper, for mixing with clay can be collected at this time as can raw 

clay itself. Evidence for the winter collection and preparation of clay can be 

found in an ordinance of 1477. Clay had to be dug and stored by November 1 

each year. It had to be turned once by February 1 and placed back into storage 

where it could not be used until March 1 (Cherry: 1991). While this ordinance 

specifically refers to tilers, there is no reason to suppose that potters did not 

employ the same practice. This practice recognises that clay cannot be used 

straight from the clay-pit and needs time to settle and mature. Storage in either 

clay dumps or pits known as 'puddling pits' throughout the winter allows the 

maturation process, where, aided by the action of rain and frost, the larger natural 

inclusions drop to the bottom of the clay pile. While this preparatory activity is 

taking place the potter and his family can concentrate on maintaining and 

exploiting their livestock as a resource. During the summer season when the
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main focus of attention will switch to pottery production, the livestock are 

essentially self-sufficient, requiring little intervention.

Given this apparent duality in their working lives, mixing the roles of craftsman 

and smallholder, it would be reasonable to suggest that the medieval potters of 

Gwent and Glamorgan were producing relatively few pots, and then only during 

the summer months. By the fourteenth century, particularly following the impact 

of the Black Death when additional land became available, many potters would 

appear to have abandoned their trade and turned instead to their secondary 

profession, farming (Le Patourel: 1968).

9.2 The distribution of medieval pottery

All too often, discussions concerning the distribution of medieval pottery are 

centred on locating the kiln that manufactured the ware in question. Given that 

medieval ceramics in general and coarse wares in particular, do not seem to 

move too far from their point of origin, (McCarthy & Brooks: 1988) this is 

perhaps not an unreasonable point of view to take. It may be more useful, 

however, to give greater consideration to the medieval market system. It can be 

argued that a manufacturer of any goods will take whatever steps are necessary, 

however inconvenient, to get his product to market since the sale of the product 

represents his livelihood. An equally appropriate line of enquiry could focus on 

the consumer and question how much effort he or she is willing to undertake to 

obtain the goods in question. For utilitarian items, one must suspect that the
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answer would be fairly little but this will rise in direct proportion to the 

desirability of the goods concerned.

9.2.1 Markets

For a potter, the market place would presumably offer his main means of selling 

his products. The importance of the market economy to the medieval peasant has 

previously been discussed in Chapter 1 above. By 1200 it was the main means of 

exchange for a large portion of the population (Dyer: 1986). While markets in 

south Wales were organised on a more limited basis than those of their English 

neighbours, they still played an important part in the region's economic life. 

Paul Courtney (1983; 1994) has carried out valuable research into the markets of 

eastern and lower Gwent and stresses the importance of the 'market ring'. In this 

system the markets within a lordship were tightly controlled and organised in 

such a way that they did not 'clash' with one another. The two principal results 

of this control were firstly to allow producers to maximise their potential sales by 

visiting a variety of nearby markets, reaching different consumers each time, and 

secondly to maximise seigneurial revenue in the form of taxation on sold 

produce. An additional suggestion is that the 'market ring' acted to keep trade 

confined to within the boundaries of the lordship and actively discouraged trade 

with markets outside it. Once again the benefits to the lords of the manor are 

clear, with each maximising their income while, at the same time, ensuring that 

their tenants were taxed by them and not their neighbour.

187



This is a system which has the potential to work well for the lord of the manor 

and is a model which one can easily apply to lower quality goods or consumable 

items, which would presumably have been traded at a location relatively close to 

their point of manufacture. The nature of the consumable items may mean that 

they would spoil after a short length of time while it would be uneconomical to 

transport the lower cost items over any great distance. This may, in part, explain 

the apparent anomaly regarding the pottery of Usk and Trelech. As has 

previously been observed, these two towns are geographically close to one 

another yet there is very little evidence of any ceramic trade between the two. To 

date, a small number of Monnow Valley Ware sherds have been recovered from 

Usk, while no Usk wares have been noted at Trelech. One can understand why 

no Usk products entered the Trelech market, since the quality of the Trelech 

pottery, especially the finewares, is clearly superior. Why Trelech pots are not 

appearing in the Usk archaeological record is, however, something of a mystery. 

One possible explanation is that this lack of trade is the 'ghost' of a restricted 

trade practice. Trelech and Usk were not part of the same lordship until the mid- 

thirteenth century, by which time, traditional market practices may have become 

established which were mutually exclusive, ensuring that vendors in each town 

did not see their neighbours as a potential market.

The market system was clearly well established by the thirteenth century as 

evidenced by the numbers of charters granting market privileges (Beresford: 

1988). In Gwent the markets were all based in towns, with the exception of the 

annual fair at Goldcliff priory and the cross-road market at Llanfair Discoed,



(Courtney: 1994) and there is no reason to suppose that a similar situation did not 

exist in Glamorgan. In his 1983 thesis, Courtney assigned each market with a 

catchment area and attempted to investigate the relationship between them. A 

similar exercise has been carried out as part of this study, albeit on a reduced 

scale. In this instance an area of thirteen and a half kilometres, or eight miles, 

radius was drawn from the market town. This figure is admittedly arbitrary but 

represents around two hours walking time, giving a round trip for any individual 

living at the extremity of the radius an average return journey by foot of four 

hours. It is felt that this figure is a reasonable investment in time, for a journey 

to market, for any individual wishing to buy or sell goods and is a figure 

certainly replicated in later Welsh society (Jenkins: 1976). The map below 

shows the medieval Welsh towns and their twenty-seven kilometre diameter 

catchment areas. As can be seen, there are few places in the region which are not 

served by a market and many which are served by two or three.
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30 Kilometres

Map 9: The towns of medieval G\vent and Glamorgan and their assumed market
catchment areas

The mechanisms for exchange for low grade goods such as coarse wares can be 

explained by a model which sees the potter, or a member of his family, travelling 

to market and selling goods directly to consumers. While this model may also 

explain some of the trade in finewares, it does not explain all of it. It has already 

been noted that finewares can travel considerable distances. The Welsh market 

for Bristol manufactured jugs was well served by the products of the Ham Green 

and later Redcliff kilns for most of the thirteenth and early fourteenth centuries. 

This trade appears to have been water based with large concentrations in each of 

the ports along the south Wales coast and a subsequent saturation of all coastal 

sites. Substantial quantities of Bristol pottery were also traded inland, again
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probably via a river trade, so that hardly any excavation in the region is without 

its share of Bristol fineware pottery (Papazian & Campbell: 1992).

While this pattern of distribution can be seen within the Bristol finewares, there 

is now increasing evidence that much the same can be observed in the locally 

manufactured finewares. The results of this study's chemical analysis have 

confirmed that the finewares of the Vale of Glamorgan can show considerable 

movement within the county with examples of Vale Fabric appearing in Kenfig 

and Kenfig ware being excavated in Cosmeston. In addition, examples of what 

is now recognised as Glamorgan fineware jugs have been reported at Caerphilly 

by Knight (1975) and further north at Gelligaer by Fox (1939). Caerphilly 

certainly had a market and, while Gelligaer is within walking distance of this 

market, the market itself is not especially close to the nearest assumed production 

centre for Glamorgan fabrics, namely the Vale Fabric series, to the west of 

Cardiff. In this case, the model of a potter bringing his goods to the market is not 

feasible, since attendance at Caerphilly market would probably mean a trip of 

two days; time which a potter could probably not afford to invest. This problem 

is considerably amplified when the quantities of both Vale Fabric 1 and Kenfig A 

pottery recovered from Chepstow are taken into account. In addition to the 

distance involved, Chepstow, unlike Caerphilly and Gelligaer, is in a different 

lordship. If the potter did not move his products directly to these markets a 

different method must be considered.
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The system by which a potter brings his products to market, for direct sale to the 

consumer, is by no means the only exchange mechanism recognised by 

archaeologists. A simple set of exchange mechanisms was proposed by Renfrew 

(1977) and was expanded, with the use of anthropological data, by Rice (1987). 

Rice notes five separate mechanisms for exchange, or trade. In the first the 

consumer travels to the potter buying or commissioning pottery as and when 

required; this system would still appear to be used by potters in east Africa. The 

second mechanism has the potter or a member of his family acting as an itinerant 

vendor, loading pottery onto a suitable means of transport and travelling to the 

consumers. Rice cites examples of potters working in Papago, the Amphlett 

Islands and Costa Rica working in this manner. Both potter and consumer travel 

to, and meet, in a pre-arranged location for the third exchange method. This 

location may be an organised fair or market, but may equally be a crossroads or 

street corner. Once again, in most cases, either the potter or a member of his 

family carries out this activity. This is one of the more common exchange 

mechanisms and interestingly, Rice notes that most potters sell both to 

consumers and to third-party agents, or merchants. The fourth exchange system 

is a slight variant on the previous method, but in this case the potter sells his 

entire production to the merchant, either at the market or at a mutually 

convenient location near the potter's workshop. The final exchange mechanism 

is a common South American model where the potter takes his goods to a central 

warehouse and is assigned the goods he needs in direct exchange for the pottery.
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Given the strength of the medieval market system, it would seem probable that 

only the third and fourth methods were practised in medieval Europe, with a 

greater likelihood that the primary reliance was placed on the third. In other 

words both potter and merchant, both travel to a recognised market or fair where 

the exchange takes place. This model does not preclude the possibility of the 

potter selling some of his produce directly to consumers at a market stall but does 

see a merchant buying large quantities of pottery, possibly from more than one 

potter, in any given market or fair.

9.2.2 Merchants

The merchant class was a well-established and increasingly dominant one in 

medieval Britain and many were wealthy, large-scale, multi-national operators 

easily comparable with modern businessmen. International traders such as 

Lawrence of Ludlow, who was wealthy enough to build a private castle at 

Stokesay, and Alexander le Riche tended to concentrate on high value goods, in 

the case of the merchants named above it was wool. Richard of Southwick, 

based in Southampton would seem to have been engaged in the import of luxury 

items such as wine and exotic fruit from the continent (Dyer: 2002). While 

Richard undoubtedly imported some pottery along with wine this would not be 

his primary focus of interest, much the same can be said of Lawrence of Ludlow 

and Alexander le Riche. For the movement of ceramic goods we must look at 

another class of merchant, those who were content to make their living moving 

cheaper items, in bulk, between regions in Britain.
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Pottery was a relatively cheap commodity (Dyer: 1982) and in Gwent and 

Glamorgan, probably produced in low volume. Goods of this type would not 

attract enough of a profit margin to interest the larger scale merchants. Instead 

they were moved, along with similar bulky, but cheaper items by merchants 

operating from within towns. In this case the profits would come from moving 

large numbers of items at regular intervals as opposed to the less frequent but 

higher profit transactions of the wool merchants discussed above. This class of 

merchant probably lived in a townhouse attached to a warehouse and operated as 

a burgess within a medieval town's economic structure (Dyer: 2002). As Robert 

Weeks makes clear in a recent study, many of these burgesses would probably 

have held burgage plots in a number of towns and would have traded from all of 

them, taking advantage of the trade benefits offered by burgess status (Weeks: 

2002: 228). In this, the medieval system of holding markets in neighbouring 

towns on different days of the week, forming a 'market ring' would have aided 

their trade considerably.

As an example, Weeks has identified nine markets in medieval Gwent; 

Grosmont, Usk, Abergavenny, Monmouth, Trelech, Caerleon, Llanfair-Discoed, 

Chepstow and Newport. Each of these markets, with the exception of Trelech 

and Monmouth which 'clash' on a Wednesday, takes place on different day of 

the week (Weeks: 2002: 53 - 61). Based on a study of the medieval road and 

transport system of the region, Weeks has further identified a number of trading 

routes which would allow a merchant to visit a succession of markets in an 

efficient manner allowing goods to be traded from one town to the next. It would
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appear that the trader model proposed is particularly applicable to the markets of 

south east Wales.

These traders would not have specialised in any one type of item but would 

rather have traded in a variety of goods, buying and selling anything that they felt 

may turn a profit. In this light, pottery may have been bought and sold as a 

desirable commodity in its own right with a merchant perhaps moving 

particularly well made or desirable wares to an area without a similar product. It 

could equally have been added to a cargo simply to 'make up a load' with other 

goods such as grain making up the principal cargo (Dyer: 2002).

These burgesses who were content in trading in a number of commodities may 

form the majority of members in that class of burgess known as Burgensibus de 

vento et vico, or 'burgesses of the wind'. These were merchants who probably 

held burghal rights in one town only, but who wished to trade in neighbouring 

towns without acquiring additional burgage plots. To overcome this they 

purchased a licence allowing them to trade as a 'foreign burgess' or 'burgess of 

the wind'. Taking advantage of a 'market ring' these traders would appear to 

have been perpetually moving between towns, arriving at a market with a 

wagonload of goods, selling them and buying a fresh consignment of goods with 

the profits. The following day they would move to the next market in the link and 

begin the process again. These traders would have built up an extensive list of 

contacts and would, in addition, have a clear idea of the needs of each town on 

their route, knowing which products could best be sold in each of them. In this
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system one can easily see how small batches of pottery could be transported over 

quite wide areas, when traded with other goods now no longer visible in the 

archaeological record.

A secondary and somewhat elusive class of medieval trader, the chapman may be 

associated with these smaller scale merchants. The title chapman derives from 

the Saxon ceop or barter, and is found in a number of place names, in particular 

Chepstow. They are usually associated in the medieval period with small-scale 

peddlers moving between villages and offering goods of low value (Dyer: 1982). 

It is known from records that merchants frequently employed 'agents' to effect 

the further redistribution of their goods (Dyer:2002) and it is not inconceivable 

that the chapmen could have played a role in this, acting on behalf of a merchant. 

It is equally possible that the chapmen may be responsible for some pottery 

movement away from the market centres, where the goods were originally 

traded, and into the rural hinterland.

A final group of market traders identified by Weeks in his research may have 

some bearing on the sale of pottery in markets. The chensers or censarii, from 

the Latin cens, a licence, were market traders who did not hold any burghal 

privileges but who, nevertheless, had goods to trade at market. It was previously 

thought that the terms 'chenser' and 'burgess of the wind' were interchangeable, 

but the work carried out by Weeks has demonstrated that this is not the case. In 

his view the chensers were members of a slightly better off peasant class, 

essentially artisans trading craft goods. Potters would certainly fall into this
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category. Were a potter to sell his goods directly to consumers at markets, as 

would appear to be the case, he would certainly need a licence to do so. The 

potters would not be in a financial position to purchase burghal privileges and act 

as a 'burgess of the wind' and the granting of a temporary cens to trade would 

allow them the access to market they needed.

9.3 Distribution Models

A model can be proposed which sees a potter taking his entire produce to a 

market as a chenser, selling the coarse wares and some finewares directly to 

consumers in the market and then selling the remainder of the finewares to a 

merchant for resale elsewhere. A merchant would, presumably, be uninterested 

in the coarse wares, which could have been purchased locally anywhere, but 

would certainly have been interested in the finewares since he would be able to 

find a buyer for these more desirable wares in areas where fineware production 

was limited.

The distribution of medieval pottery, far from being a simple pattern based on 

kiln location is, therefore, quite a complex patchwork of different patterns and 

affected by a number of factors. The potters themselves, in their role as chensers 

would clearly sell directly to their nearest town. In this model one can easily, for 

example, envisage the potters working the kilns at Overmonnow, just outside 

Monmouth, buying a temporary licence and crossing the bridge into Monmouth 

market every Wednesday in order to sell their wares. This would certainly
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explain the presence of locally manufactured Monnow Valley ware in the town. 

One can also imagine an itinerant merchant buying pottery from a number of 

local potters in the market loading them into a cart and taking them to the next 

market in the sequence, in this case Grosmont. So as well as a purely local 

distribution within the town, a geographical distribution based on the market ring 

and local transport systems can be observed.

This model could explain the presence of Vale Fabric jugs in Caerphilly and 

Gelligaer, with them both forming part of a market cycle but cannot adequately 

explain the presence of these jugs at Chepstow. Chepstow market is a 

considerable distance from the production centres for Vale Fabric and Kenfig 

ware, both of which are found in small but significant numbers in the town. The 

distance is far to great to propose a 'market ring' as discussed above. What we 

may be seeing here, however, is the direct action of a merchant, or merchants, 

who had trading links with both the Vale of Glamorgan and Chepstow and who 

may be importing and exporting pottery as a result of personal contact with the 

two locations. Ships from Chepstow are known to have sailed into Kenfig in the 

late twelfth century, bringing supplies to the garrison (Davies: 1987), and one 

can easily imagine that the trading links between Chepstow, Kenfig and other 

ports along the Glamorgan coast continuing into the thirteenth century.

As to the potential market for Glamorgan pottery, as a thriving port, the 

inhabitants of medieval Chepstow would have had access to a large range of 

finewares from Bristol, the Monnow Valley and even the Saintonge district of
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France. While it is conceded that the Glamorgan jugs are well made, they were 

probably inferior in quality to both the Bristol and Monnow Valley products, and 

were certainly not able to compete, in terms of social cachet with the Saintonge 

jugs. In this case, the decisive factors were possibly either personal preference, 

or more likely, price. One can easily envisage a pricing structure for these jugs 

which placed the more desirable French ceramics near the top of the scale, 

working down to locally manufactured produce.

This 'trade link' model may also explain the presence of some pottery at Cardiff, 

which, is probably Monnow Valley ware. Excavations carried out at Quay 

Street, between 1973 and 1974 produced a large quantity of pottery, much of it 

unidentified at the time. From Webster's description the bulk of the pottery 

would seem to originate in the Vale of Glamorgan and would now be classified 

as Vale Fabric (Webster: 1978). This would certainly be expected, indeed 

wasters recently recovered from Llandaff Cathedral School (Young: 2001) and 

the presence of the post-medieval village of Crockerton, or Crockherbtown, 

beneath modern Queen Street, would seem to imply pottery production nearer to 

Cardiff itself. During this excavation, a substantial amount of fineware which, 

from its description and a note that similar wares were recovered from White 

Castle, Gwent, would appear to be Monnow Valley Ware was also uncovered. 

At one time assigned a fairly limited distribution range in and around Monmouth, 

Trelech, Abergavenny and the 'Three Castles' area of Grosmont, Skenfrith and 

White Castle, if MVW is in Cardiff this would seem to be further evidence for
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kind of merchant activity which sees Vale Fabrics in Chepstow operating in 

reverse.

The distribution range of Monnow Valley ware can be further extended to north 

Gower where a small distribution pocket has been identified. A largely complete 

jug of MVW A5 fabric was recovered from Llanelen on Gower while a single 

sherd from Laugharne and a handle and sherd from Loughor would tend to 

indicate that some small-scale importation was taking place into the area 

(Kissock: 1994; 1996). Dr. Kissock has used documentary evidence to 

demonstrate that at least one inhabitant of Llanelen, Madoc ap Rivid, had 

connections with Abergavenny in the late thirteenth century and it is not 

inconceivable that he maintained contacts with his home region. It is doubtful 

that the Monnow Valley Jugs would have been imported as a specific cargo, but 

they might well have 'made up a load' and been imported along with other goods 

from east Gwent and resold in local markets.

One curiosity remains, which cannot be adequately clarified using any of the 

above models and this is the presence of Vale Fabric VF1 jugs in Kenfig, close to 

a production centre for Kenfig A wares and vice versa the Kenfig A jugs in 

Cosmeston near to VF1 kilns. Merchant activity can certainly explain how they 

arrived there, but not why. The wares are almost identical in size, style and 

manufacturing standard and would presumably have been sold for a similar price. 

There would seem to be no reason, for example, for a consumer in Cosmeston to
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consciously choose a Kenfig product and yet the relatively large numbers of 

'imports' at both sites suggest a substantial exchange was taking place.

There are then, a number of factors to consider when one examines the 

distribution of medieval pottery in Gwent and Glamorgan which would tend to 

leave traditional methods based on point of manufacture somewhat lacking. 

Coarse wares, and a limited number of fmewares, will, almost certainly, be sold 

by the potter himself at a market near to his workshop. This would tend to be 

confirmed archaeologically by the relatively small distribution ranges noted for 

earthenware pottery. The distribution of fmewares, however, present a pattern 

which is altogether more difficult to interpret. The more predictable 

geographical distribution patterns based on local transport systems can be 

ascertained fairly easily, especially when archaeological records are 

supplemented by documentary research. The actions of itinerant merchants, 

however, are a great deal more problematic to quantify and would tend to 

'muddy the waters' of the geographical distribution patterns. The results of these 

personal trade contacts will, as is the case at Llanelen, be observable 

archaeologically but will be almost impossible to confirm using documentary 

sources.
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9.4 Concluding remarks

It is one of the ironies of archaeological research that one of society's poorest 

and least regarded groups has the potential to give so much information. While 

traditional ceramic research techniques, such as thin-sectioning and, indeed, 

examination by hand-lens, still have a great deal to offer, this study has 

demonstrated the potential of chemical fingerprinting to the study of pottery. 

What is clear, however, is that chemical fingerprinting alone cannot adequately 

explain the distribution patterns of pottery noted in the archaeological record.

The fingerprinting results have to be used as part of a suite of analytical methods 

including archaeological research and documentary evidence and in this they can 

be invaluable in disentangling some of the more complex distribution patterns 

noted, but not easily explained by either archaeological or historical sources 

alone.

There are clearly obstacles to be overcome and the use of statistical analysis 

during the fingerprinting process has to be carefully controlled. Many studies 

place too great a reliance on a limited number of statistical tests; if nothing else, 

this research has demonstrated the value of comparing the results from a suite of 

tests against known archaeological trends.

It is hoped that this research can become a pilot for further chemical fingerprint 

studies of medieval Welsh pottery. The data presented here can be considered as
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a solid foundation, which can only be improved by the addition of new data. 

Hopefully the methodology for investigation refined in this study can now be 

usefully applied as this new data is collected. Models for methods of production 

and distribution of medieval ceramics can then be further clarified and developed 

to enhance our understanding of the medieval ceramic industry in Wales.
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Appendix
Data sets



Data set 1

The following tables represent the data as received from the laboratory. For the 

final statistical analysis a number of elements were not considered, (see Chapter 

7 for details).

The twenty-two elements originally tested were:

Ba Barium
Sn Tin
Zn Zinc
Cu Copper
Ni Nickel
Cr Chromium
S Sulphur
Cl Chlorine
La Lanthanum
Ce Cerium
Cs Caesium
V Vanadium
Rb Rubidium
Sr Strontium
Y Yttrium
Zr Zirconium
Nb Nubidium
As Arsenic
Mo Molybdenum

Pb Lead
Co Cobalt
W Tungsten
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All elemental concentrations are given in parts per million (ppm). Numbers 

given as zero can signify two results; either that none of the given element was 

present or that it was present, but in quantities which were at, or below, the 

reliable detection limits for the apparatus. In this latter case a score of zero is 

considered the only reliable course of action. As a result of potential 

contamination problems, the last three elements, Pb, Co and W were not included 

in the tables from the outset, (see Chapter 7 for details).

In column three, 'Location', refers specifically to where the sherd was found and 

not to any manufacturing location; although it is acknowledged that in many 

cases this may be one and the same.
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Data set 2

The following data represents the Principal Components data from the original, 

untrimmed, data set. The first three Principal Components are shown, although 

only the first two were eventually plotted.
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-0.058
-0.035
0.065
-0.043
-0.002
-0.061
-0.046
-0.026
0.031
-0.009
-0.012
-0.004
0.028
0.025
0.028
0.011
0.216
0.003
0.021
-0.029
-0.005
-0.016
-0.014
0.008
0.077
0.056
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Data set 3

The following data represents the Principal Components data from the trimmed 

data set. As set 2 above, the first three Principal Components are shown, 

although only the first two were eventually plotted.

Number

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Fabric

UskA

UskB

MVW- Al

MVW- A2

MVW-A5

MVW- A5

MVW-A5B

PCI

-0.054
-0.058
-0.072
-0.060
-0.057
-0.066
-0.088
-0.063
-0.075
-0.070
-0.066
-0.107
-0.063
-0.087
-0.062
-0.0.93
-0.064
-0.080
-0.092
-0.070
-0.063
-0.060
-0.092
-0.114
-0.181
-0.076
-0.186
-0.167
-0.107
-0.156
-0.104
-0.095
-0.100
-0.099
-0.066
-0.053

PC2

0.060
0.050
0.079
0.076
0.086
0.035
0.025
-0.006
0.035
0.031
0.005
0.021
0.002
0.080
0.042
0.037
0.072
0.047
0.017
0.018
0.064
0.088
0.119
0.059
0.105
0.044
0.100
0.109
0.079
0.110
0.083
0.078
0.083
0.076
0.049
0.041

PC3

-0.194
-0.205
-0.257
-0.335
-0.200
-0.262
-0.114
0.017
0.044
-0.146
-0.108
0.016
-0.091
-0.038
-0.070
0.024
-0.154
0.047
0.034
0.059
-0.149
-0.260
-0.305
0.059
0.009
0.035
0.095
-0.033
0.085
0.036
0.080
0.087
0.065
0.080
0.029
0.013
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37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

MVW-A5B

MVW - A5B (i)

Kenfig A

Kenfig A (i)

Kenfig B

Kenfig B (i)

Gower/Lower Tawe

Gower/Lower Tawe
Unknown - Kenfig

MVW -A3

-0.046
-0.051
-0.057
-0.081
-0.085
-0.059
-0.062
-0.067
-0.060
-0.093
-0.054
-0.061
-0.067
-0.068
-0.070
-0.085
-0.083
-0.070
-0.075
-0.109
-0.057
-0.065
-0.075
-0.086
-0.064
-0.109
-0.105
-0.067
-0.078
-0.069
-0.086
-0.075
-0.069
-0.072
-0.066
-0.066
-0.062
-0.057
-0.050
-0.080
-0.064
-0.067
-0.071
-0.045
-0.090

0.034
0.035
0.043
-0.049
0.025
-0.003
0.017
0.009
0.036
0.011
0.002
0.011
-0.003
0.000
0.004
0.029
0.019
-0.082
-0.131
0.044
-0.009
-0.032
-0.127
-0.195
0.073
-0.151
-0.217
-0.173
-0.229
-0.141
-0.130
-0.138
-0.159
-0.153
-0.191
-0.188
-0.195
-0.120
-0.102
-0.222
0.028
-0.036
-0.167
0.029
0.037

0.040
0.074
0.031
-0.004
0.046
0.063
0.043
0.062
-0.010
0.029
-0.040
-0.063
0.014
0.007
-0.001
0.022
0.035
0.001
-0.040
0.004
0.110
0.015
0.015
0.033
0.092
0.077
-0.046
-0.044
-0.080
-0.026
0.059
-0.008
-0.075
-0.063
-0.091
-0.099
-0.057
-0.038
0.005
-0.052
0.123
0.023
0.291
0.051
0.049
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82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116

MVW -A3

MVW - A5

MVW - A5B

Briquette - Kenfig
Burnt sherd

VF2

VF1

-0.082
-0.143
-0.105
-0.092
-0.074
-0.136
-0.109
-0.146
-0.140
-0.114
-0.124
-0.149
-0.070
-0.063
-0.064
-0.125
-0.128
-0.088
-0.156
-0.057
-0.062
-0.134
-0.142
-0.128
-0.145
-0.102
-0.142
-0.148
-0.055
-0.070
-0.081
-0.073
-0.134
-0.107
-0.073

0.027
0.032
0.037
0.025
0.021
0.112
0.094
0.106
0.110
0.109
0.098
0.091
0.062
0.059
0.075
0.091
0.088
-0.123
0.108
0.001
-0.137
-0.071
-0.112
-0.106
-0.081
-0.075
-0.102
-0.116
-0.090
-0.002
-0.111
-0.076
-0.160
0.018
-0.008

0.080
0.043
0.096
0.059
0.037
-0.014
-0.006
0.034
0.026
0.019
0.040
0.093
-0.019
-0.035
-0.132
0.015
0.056
-0.033
0.096
0.077
-0.021
0.002
-0.019
-0.059
0.004
-0.050
-0.012
0.004
-0.023
0.079
-0.002
-0.013
-0.026
0.039
0.067
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Data set 4

The following data table is an edited version of the Correspondence Analysis 

report, only the co-ordinates column, have been shown. The data was generated 

using the trimmed data set

Number

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Fabric

UskA

UskB

MVW-A1

MVW- A2

MVW-A5

MVW- A5

MVW-A5B

Co-ordinate 1

0.555
0.518
0.604
0.749
0.680
0.513
0.226
-0.069
0.089
0.340
0.209
-0.026
0.178
0.293
0.294
0.028
0.502
0.098
-0.016
-0.056
0.490
0.733
0.685
0.041
0.142
0.107
0.058
0.211
0.117
0.144
0.144
0.145
0.175
0.134
0.123
0.160

Co-ordinate 2

-0.403
-0.412
-0.423
-0.612
-0.390
-0.490
-0.144
0.064
0.105
-0.264
-0.224
0.182
-0.200
0.058
-0.113
0.200
-0.270
0.180
0.140
0.200
-0.282
-0.493
-0.396
0.277
0.226
0.137
0.337
0.153
0.250
0.289
0.243
0.239
0.204
0.230
0.155
0.100
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37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

MVW-A5

MVW - A5B (i)

Kenfig A

Kenfig A (i)

Kenfig B

Kenfig B (i)

Gower/Lower Tawe

Gower/Lower Tawe
Unknown - Kenfig

MVW -A3

0.104
0.026
0.124
-0.154
-0.017
-0.106
-0.002
-0.074
0.149
-0.023
0.128
0.179
-0.011
0.019
0.044
0.057
0.004
-0.240
-0.315
0.082
-0.106
-0.110
-0.387
-0.469
0.156
-0.362
-0.444
-0.409
-0.510
-0.394
-0.371
-0.416
-0.343
-0.350
-0.403
-0.388
-0.466
-0.321
-0.388
-0.540
0.085
-0.118
-0.337
0.077
0.033

0.124
0.214
0.125
-0.032
0.191
0.137
0.126
0.178
0.057
0.133
-0.144
-0.154
0.025
-0.006
-0.003
0.102
0.110
-0.104
-0.203
0.130
0.131
-0.023
-0.108
-0.153
0.306
-0.038
-0.214
-0.280
-0.340
-0.208
-0.049
-0.149
-0.314
-0.272
-0.372
-0.386
-0.330
-0.246
-0.148
-0.280
0.130
-0.019
-0.013
0.115
0.199
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82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116

MVW -A3

MVW- A5

MVW - A5B

Briquette - Kenfig
Burnt sherd

VF2

VF1

-0.047
-0.041
-0.042
-0.031
0.020
0.254
0.276
0.186
0.200
0.279
0.211
0.070
0.259
0.313
0.533
0.194
0.138
-0.277
0.108
-0.066
-0.351
-0.216
-0.280
-0.237
-0.260
-0.129
-0.263
-0.306
-0.283
-0.115
-0.347
-0.265
-0.367
-0.012
-0.134

0.250
0.236
0.285
0.202
0.142
0.158
0.089
0.220
0.225
0.164
0.183
0.319
0.050
-0.013
-0.225
0.176
0.239
-0.165
0.321
0.138
-0.206
0.047
-0.007
-0.079
0.068
-0.119
0.007
0.029
-0.186
0.167
-0.086
-0.074
-0.065
0.138
0.145
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Data set 5

This data set shows the Discriminant analysis results. The pottery groups were 

divided into nineteen groups as follows:-

1 UskA
2 UskB
3 MVW - Al (Trelech)
4 MVW - A2 (Trelech)
5 MVW - A5 (Trelech)
6 MVW - A5B(i) (Trelech)
7 MVW - A5B (Trelech)
8 Kenfig A (Glazed)
9 Kenfig A
10 Kenfig A(i)
11 Kenfig B
12 Kenfig B(i)
13 Gower/Lower Tawe
14 Unknown (Kenfig)
15 MVW - A3 (Monmouth)
16 MVW - A5 (Monmouth)
17 MVW - A5B (Monmouth)
18 VF2
19 VF1

The numbers of sherds present in each group were as follows:-

Group 1 - 6 sherds Group 11-5 sherds
Group 2-10 sherds Group 12-4 sherds
Group 3-6 sherds Group 13-7 sherds
Group 4-6 sherds Group 14-5 sherds
Group 5-6 sherds Group 15-6 sherds
Group 6-6 sherds Group 16-7 sherds
Group 7-6 sherds Group 17-7 sherds
Group 8-5 sherds Group 18-7 sherds
Group 9-5 sherds Group 19-7 sherds 
Group 10-3 sherds

The table overleaf shows the correct grouping of the sherds, as suggested by the 
computer programme.
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Da
ta

 se
t 5

Gr
ou

p

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

Su
gg

es
te

d 
gr

ou
p

1 5 - 1 - - - - - - - - - - - - - - - -

2 - 7 - - - 2 1 - - - - - - - - - - - -

3 - - 3 - - - 3 - - - - - - - - - - - -

4 - - - 4 - 1 - - - - - - - - 1 - - - -

5 - - - - 6 - - - - - - - - - - - - - -

6 - - - - - 5 - - - - - - - - - - - - 1

7 - 1 - - - - 5 - - - - - - - - - - - -

8 - - - - - - - 5 - - - - - - - - - - -

9 - - - - - - - - 3 - - - 1 - - - - - 1

10 - - - - - - - - - 2 - 1 - - - - - - -

11 - - - - - - - - - - 1 1 3 - - - - - -

12 - - - - - - - - - - - 3 1 - - - - - -

13 - - - - - - - - - 1 - - 6 - - - - - -

14 - - - - - - - - 1 1 - - 1 2 - - - - -

15 - - - - - - - - - - - - - - 6 - - - -

16 - - - - 1 - - - - - - - - - - 6 - - -

17 - - - - - - - 1 - - - - - - - 1 5 - -

18 - - - - - - - - - - 1 - - - - - - 6 -

19 - - - - - - - - 1 - - - - - - - - 1 5




