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ABSTRACT 

Ann MacSween 

The Neolithic and Late Iron Age Pottery from Pool, 
Sanday, Orkney: An archaeological and technological 
consideration of coarse pottery manufacture at the 
Iron Age site of Pool, Orkney, incorporating X-Ray 
Fluorescence, Inductively Coupled Plasma Spectrometric 
and Petrological Analyses 

Key Words: Neolithic; Iron Age; Orkney; pottery; 
X-ray Fluorescence; Inductively Coupled Plasma 
Spectrometry; Petrological Analysis 

The Neolithic and late Iron Age pottery from the 
settlement site of Pool, Sanday, Orkney, was studied 
on two levels. Firstly, a morphological and tech- 
nological study was carried out to establish a se- 
quence for the site. Secondly an assessment was made 
of the usefulness of X-ray Fluorescence Analysis, In- 
ductively Coupled Plasma Spectrometry and Petrological 
analysis to coarse ware studies, using the Pool assem- 
blage as a case study. 

Recording of technological and typological attributes 
allowed three phases of Neolithic pottery to be iden- 
tified. The earliest phase included sherds of Unstan 
Ware. This phase was followed by an assemblage char- 
acterised by pottery with incised decoration, which 
was stratified below a traditional Grooved Ware assem- 
blage. The change in pottery styles and manufacturing 
methods with the Grooved Ware indicated that it 
evolved elsewhere. Grass tempered and burnished pot- 
tery characterised the Iron Age assemblage. 

Pottery samples from all phases of the site were 
analysed by XRF and ICPS. In addition, pottery from 
late Iron Age sites in the area was analysed for com- 
parison with the Pool Iron Age pottery. XRF and ICPS 
analyses did not distinguish between either different 
phases at Pool or different Orcadian sites. This was 
attributed to the similarities in geological deposits 
over much of Orkney and the variations which can occur 
within a clay source. 

A clay survey was carried out in the vicinity of the 
site, and samples taken for comparison with the Pool 
pottery. Identification of rocks and minerals in thin 
section, and grain-size analysis, indicated that the 
Pool pottery was made locally to the site, and that 
both primary and secondary clays were used. It was 
concluded that petrological analysis is more suitable 
than elemental analysis in the study of coarse wares. 
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PREFACE 

The` site of Pool on the island of" Sanday in 'the Orkney 

Islands (Fig 1) is a settlement~'mound with two main 

periods of occupation'- Neolithic (4000 to 2000 BC) 

and Late'Iron Age/Norse (400'AD to 1200 AD). Excava= 

tions on'the'site were carried out"by Dr John Hunter 

of`, the Archaeology Department, University of Bradford 

on behalf of the Scottish Development Department, be- 

tween 1982 and 1988 (see Chapter 2). 

Pottery was found in abundance in all occupation' 

levels apart from'Norse, and the range of material and 

degree-of stratification provided a gdod opportunity 

to look in detail at the development of pottery 

manufacture on one site. ' 

The pottery'from Pool is'all 'coarse' handthrown pot- 

tery. Pottery vessels have certain advantages over 

those made 'of wood, stone'; or'leather. Their refrac- 

tory properties allow the direct heating, of"foods, '' 

without the use of pot boilers, which means'that'they 

can be left unattended for long periods (Arnold, 1985, 

128). Pottery vessels'are'durable, especially when 

used for storage. 'Their properties can be varied ac- 

cording to functional requirements, and they are rela- 
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tively quick to make. 

Although coarse pottery is a common find on Scottish 

prehistoric sites, little has been done to assess the 

usefulness of the various"techniques available for its 

study. A major aim of the present research was to es- 

tablish the most practical way of integrating the ar- 

chaeological, technological and analytical data for a 

prehistoric coarse ware assemblage, using Pool as a 

case study. 

Notes on the Text 

Most of the dates in the text are calibrated radiocar- 

bon dates (BC or AD), with only a few uncalibrated 

radiocarbon dates (bc or ad). 

X-ray Fluorescence Analysis (XRF) was the technique 

originally chosen for the elemental analysis of the 

pottery, with Inductively Coupled Plasma Spectrometry 

(ICPS) only being used at a later stage in the re- 

search to determine whether the larger suite of ele- 

ments which could be analysed would be useful in the 

study of pottery from Pool. This accounts for the 

bias towards XRF in both the text of the methodology 

chapter (Chapter 5)-and the greater number of samples 

analysed by that method. 
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SECTION A 

GEOLOGICAL AND ARCHAEOLOGICAL BACKGROUND 



CHAPTER 1 

GEOLOGICAL BACKGROUND 

1.1''THE GEOLOGY OF THE ORKNEY ISLANDS 

1.1.1, Topography 

The Orkneys comprise about ninety islands and sker- 

ries. The archipelago, which lies approximately 125km 

south of Shetland and 10km from the northern coast of 

Scotland, measures 80km north to south and 62km east 

to west (Mykura, 1976,1) with a'land area of 975km 

square, (Fig'1). 

The present topography of Orkney is'largely the pro- 

duct of Pleistocene"glaciation, and the post-glacial 

rise in sea-level. The ice sheets of the Devensian, 

the final glaciation, are believed to have originated 

in Scandinavia, crossing Orkney from east'to west 

(Mykura, 1975,7) and causing a'general-smoothing out 

of the terrain, leaving shallow depressions now seen 

as inland lakes. The 'drowned' topography of the is- 

lands is the'result of the post-glacial sea-level rise 

(Mykura, 1976,3). 
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1.1.2 The-Solid Geology 

The Orkney islands are made up almost entirely of sed- 

imentary rocks and subordinate volcanic rocks (lavas 

and tuffs) of Middle and Upper Old Red Sandstone age 

(Fig 2):, }_ The greater part of Caithness is formed of a 

southern extension of this 'Orcadian' series of sand- 

stones and flagstones. On-Hoy, a series of younger 

pink and yellow sandstones, underlain by-volcanic 

rocks (basalt lavas and tuffs), believed to be of. Car- 

boniferous age, rest on the Orcadian strata (Mykura, 

1975,1). 

The Old Red Sandstone is underlain by a crystalline 

basement of Moinian rocks intruded by Caledonian 

granites, -only exposed at Stromness and Yesnaby on, the 

Mainland, and on,, the island-of Graemsay (Mykura, 1975, 

1). - A high proportion of-the basement complex is, 

granite with some gneiss and mica and hornblende,, 

schist. 

The Middle Old Red Sandstones separate naturally into 

two groups, the lower group being the. Stromness and 

Rousay Flags and the upper group the Eday, Beds. The 

Stromness and Rousay Flags comprise sequences of fine- 

ly bedded grey and black siltstones (rich in car- 

bonates) alternating with fine-grained sandstone beds 

(Mykura, 1976,9). They were probably formed, by-fluc- 
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tuations in-water level and sedimentation`within, a 

large lake that extended across Orkney and Caithness 

(Mykura, 1975, ' 3) . <'r 

Date Geologic 
(1,000,000bp) period 

Orcadian Deposits 

360 Upper Old 
Red Sandstone 

370 Middle Old , 
Red Sandstone 

pre-600 Moinian 

Hoy Sandstones 
Hoy Volcanics 

Eday Beds 
Rousay Flags 
Upper Stromness Flags 
Lower Stromness Flags 

Basement Complex 

Table 1: General geologic succession for the-Orkney 
Islands 

The Eday Beds are made up of three sequences of yellow 

and red sandstones (Lower, Middle and Upper Eday Sand- 

stone) separated respectively'by, the Eday Flags (a se- 

quence of buff or red sandstones) and the Eday Marls 

(interbedded red sandy and micaceous marls, red and 

green marled sandstones and yellow sandstones). The 

Eday Beds were probably deposited in the flood plains 

of large rivers which entered the area from the south 

west and filled up the Orcadian lake (Mykura, 1974, ` 

5). 

The Edayýflags contain local thin flows of basic lava 

and thin beds of tuff (Mykura, 1976,9). Associated 
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with these are small outcrops of teschenitic dolerite 

which cut the Old Red Sandstone. However, the, majori- 

ty of dykes and sills are late Carboniferous in age 

and comprise camponites, monchiquites and bostonites, 

numerous in south and west Orkney (Mykura, 1976,11). 

1.1.3 Drift Geology 

About 95% of the Orcadian landscape is covered by su- 

perficial deposits, 75% of which are tills, the other 

25% being peat. Fluvioglacial deposits and alluvium 

are not common,, but large deposits of windblown sand 

(generally 60-90% calcium carbonate) are found local- 

ly. About a third of Sanday and North Ronaldsay are, 

for example, covered by shell sand (Mykura 1975,3). 

A fine till occurs extensively in east Mainland, South 

Ronaldsay, Shapinsay, Stronsay and Westray, and local- 

ly on many of the other islands. It is a firm deposit 

of sandy clay loam containing weathered stones, with 

the addition of shell fragments near the coast (Mykura 

1975,3). 

Boulder clay is restricted mainly to low-lying coastal 

regions and valleys. There are two types, a true 

boulder clay comprising grey, red or purple sandy clay 

containing rounded rocks, and a rather more moranic 

till of grey or yellow clayey rubble comprising mainly 
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local-materials (Wilson, 1935; '27). The true boulder 

clay can attain a thickness"of'up to lOm when exposed 

in low cliffs. The second type is more sporadic in 

deposition. "" "1 

The red clay is composed mainly of elements of red 

marls and sandstones of, the Eday Beds. As well as` 

rocks of local origin it also contains granitic, fel- 

sitic, gneissose and schistose rocks, and sedimentary 

rocks including quartzites and quartzose sandstones. 

Dark limestones with organic remains, oolitic lime- 

stones, chalk and flints have also been found. The 

grey/yellow clay contains mainly local sub-angular 

rock fragments (Wilson, 1935,27,28). 

1.2 THE GEOLOGY OF SANDAY 

The island of Sanday is 21 km long and just over 11 km 

wide at its broadest point (Fig 3). Its highest 

points are The Wart (66m), Fea Hill (53m) and the Gump 

of Spurness (50m), but most of the landscape is below 

15m. Much of the coastline comprises low sandy bays, 

although cliffs up to 30m high occur along the west 

coast of the"island between Spurness'and the Pund. ' 

As has been noted already, upwards of a third of 

Sanday is covered by blown sand, the largest sand 

deposits in Orkney. This sand! has been lifted by wave 
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action and blown inland by south easterly gales. 

Sanday has two accessible deposits of boulder clay, 

both in the west of the island (Fig 3). The clay is 

red and contains both local and foreign rock frag- 

ments. 

There is a difference between the Rousay Flags east 

and west of the fault from the Noust of Ayre to Sty 

Wick. East of the fault is a series of grey sandy 

flags with infrequent calcareous bands. West of the 

fault the flags are more thinly bedded, less sandy and 

more calcareous, and they underlie the Lower Eday 

sandstone. 

On Sanday the Lower Eday Sandstone beds are yellow, 

red or purple sandstones containing pebbles. Eday 

Flags are exposed half a mile north east of Pool. On 

the shore is a band of dark limey flags containing 

fish fossils. 

The main outcrop of Middle Eday Sandstone is across 

the south of Sanday, running north from Hacks Ness. 

At Hacks Ness the rocks are purple, red and yellow 

sandstone with pebbles, many pink granite. At their 

northern extremity between Spaney Geo and Strang Quoy, 

the beds consist of red, purple and yellow sandstone 

with pebbles and pebble layers. At Hegglie Ber two of 

the pebble layers are conglomerate. The pebbles 
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within are mainly creamy white quartzite, but 

granites, mica-schists, -gneisses and crystalline lime- 

stone, chert and cherty limestones are also present 

(Jones, 1935,99-103). 

The site of Pool is located in the south of the is- 

land, at'the foot of The'Wart (Fig 3). Middle Eday 

flagstones, mainly yellow, outcrop on the shore beside 

the site, and the largest boulder clay deposit on the 

island has its most northerly extreme just to the west 

of the site. Landscape studies have revealed that the 

site was locatedton the bank=of a fresh-water loch, -. 

sheltered from the sea by a storm beach. Gradually 

this storm beach has been washed away, leading to the, 

erosion of the coast and, ultimately, the erosion of 

the site. 
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" CHAPTER 2 

ARCHAEOLOGICAL BACKGROUND 

2.1''NEOLITHIC BACKGROUND 

2.1.1 Introduction 

In'Orkney, the earliest evidence', for human settlement 

dates to the early Neolithic. It is probable that 

there was' Mesolithic. settlement' in' the Northern Isles, 

but as it is likely'to have been' predominantly coas- 

tal, sea level rises'and consequent'erosion may have 

removed much of it. ' Evidence for the earliest 

Neolithic groups in Scotland has been found mainly in 

coastal'-'sites of-the Western and Northern Isles, and 

on' Lowland sites-in-the east' of Scotland. At Pool, 

the earliest deposits dated to the Neolithic, spanning 

the period 4000 to 2000 BC. - 

2.1.2`' Funerary Monuments` 

The most obvious traces of'Neolithic occupation in 

Scotland are the chambered cairns, communal burial 

8 



monuments capped by a cairn. of, stones (Henshall, -1963, 

1972). Individual tombs may have been used over a 

long period (Davidson and Henshall, 1989,92). Often 

pottery, stone tools and animal bones were interred 

with the bodies, so the tombs are a relatively rich 

source of artefactual material, especially important 

in: areas where domestic sites are lacking. 

The tombs were probably sealed between interments un- 

til a final blocking took place, perhaps when a tomb 

had received its allotted number of burials or when a 

family line-had ended. Sometimes only the entrance 

was sealed, in the final blocking, as at Blackhammer 

(Callander and Grant, 1937) where slanting slabs were 

used. In other cases, -for example at Wideford Hill 

(Petrie, 1863) the whole chamber was filled with 

stones, through a hole in the roof. - - 

Where human bones survive, the burial tradition of the 

primary phases of the chambered cairns is inhumation- 

rather than cremation. Within the tradition of in- 

humation, however, is evidence for a wide variety of 

burial rites. Sometimes the bones were scattered 

throughout the chamber floor, for example at Unstan 

(Clouston, 1885). In other tombs the skeletons were 

buried in articulation, as at Midhowe where individual 

skeletons were identified during excavation, (Callander 

and Grant, 1934,332). At Isbister (Hedges, 1983B) 

9. 



the bones had been divided according, to type,, -, perhaps 

indicating excarnation prior to deposition°in the. - 

tomb: " Piles of skulls were-discovered°<in°one chamber, 

stacks-of"longbones"yin another. ,-. 

Animal'bones,, recovered from-the chambers are probäbly 

the remains"of food'offerings. ` At Isbister'(Barker-et 

al, 1983, "133-70)-, the'bones', represented-'predominantly 

jointsAof cattle, `sheep and red deer. In other'. cases, 

for"example'at Cuween (Charleson, 1902), 'the-occur- 

rence of-twenty-four 'dog skulls has led to the sugges- 

tion that the dog may have been-a totem ofýthe'group 

using the tomb (Henshall, -1985,106). !` 

Henshall (1963,1972)°has divided chambered cairns 

into-six regional-groups - Maes3Howe;: Orkney/Cromarty; 

Hebridean; Clyde; Clava; and Bargrennan, only the 

first two of which are relevant to this discussion. 

Although there are many' similarities within the- 

Orkney/Cromarty tombs, 'there°are also substantial dif- 

ferences'throughout their-area-of-distribution. The 

tombs of Orkneylusually"have either a round or rec- 

tangular cairn. The chambers are built of dry- 

walling, and the'widespread'availability'of=flagstone 

throughout'the islands allowed the useýof. single slabs 

to`sub-divide the chambers. Henshall (Davidson and 

Henshall, 1989) has recognised three groups, within the 
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Orkney cairns - tripartite`(three'. compartments ar- 

ranged along the centre axis), stalled (similar to the 

tripartite but having more compartments) and Bookan 

type (compartments arranged around a central area). 

The 'Maes Howe' tombs were singled out by Henshall 

(1963): as'she felt-that their building standards and 

design were-sufficiently-sophisticated-to-, suggest that 

they-'had been built by a different group than the 

Orkney/Cromarty, builders, suggesting that'the 

Orkney/Cromarty cairns were built'by the makers-of Un- 

stau Ware and the-Maes Howe cairns by the makers. of 

Grooved Ware pottery (Henshall, =1963, '123-4', ` 1985,94- 

99). Maes= Howe; the. type "site, 
, has 'a long , low pas- 

sage, -with walls-formed-of massive slabs, leading into 

a square'-central chamber with tapering butresses in 

each corner (Davidson and Henshall, 1989,142-146). 

Others have put forward different classifications. 

Renfrew (1979,210), 'for example, would prefer to see 

Maes'Howe in a class-of its'own, with the others of 

Henshall's Maes Howe-group-in a separate category, the 

Quoyness/Quanterness group. ' 1 11 4 j- 11 

C14 dates suggest that the''Maes, Howe'-tombs-are=later 

in date than the Orkney/Cromarty tombs. Quanterness 

for example dates to around 3000 BC and Maes Howe to 

around 2800 BC, while the Orkney/Cromartyýcairns-were 
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probably built from 3800 BC, to 3300 BC (Renfrew,, 1979, 

208). 

2.1.3 Settlement Sites 

The tradition. of stone building in the, Orkneys,, and-.. 

the. preservation of sites. by wind-blown, sand has, led 

to the survival. of the most complete and best known 

Neolithic settlement sites in Scotland. These include 

the sites of Skara Brae (Childe,, 1931, Clarke and 

Sharples, 1985), Barnhouse (Richards, 1989) and Links 

of Noltland (Clarke. and Sharples, -1985) on Mainland 

Orkney, Rinyo on Rousay (Clarke, 1983), and the. ear- 

lier site of Knap of Howar on Papa Westray (Ritchie, 

1983). Links of Noltland-is not yet published, and 

Barnhouse is currently under excavation. 

At Knap of, Howar (Ritchie, -1983), the Neolithic struc- 

ture comprised two stone-built buildings with a con- 

necting door. The walls were slightly corbelled and 

probably carried a timber roof. Radiocarbon dates.. 

from Ritchie's excavations. -have shown Knap of Howar to 

be the earliest known settlement in Scotland, dating 

to. 3700 to. 2800 BC. _ 
The houses were built into an 

earlier domestic midden. 

House 1 was the larger of. the two buildings, having a 
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floor`area'of 1Om'by 5m. The smäller structure (7. 5m 

by 3m) may have been`a work room: Although there were 

two distinct periods of occupation, both phases were 

associated`with'Unstan Ware, the type'of pottery also 

associated with stalled cairns of*the Orkney-Cromarty 

group. ' Radiöcarbon'dates from Knap - of'Howarindicated 

that the laterpart, of the occupation was contemporary 

with the earliest occupation at Skara Brae. Stone 

tools`' including borersýänd`grinders'were`retrieved, 

along with a worked bone-assemblage including 'dimpled 

bone gouges' and whalebone spatulas (Ritchie, 1983). 

Skara Brae is the site of ä Neolithic village on the` 

west coast'of mainlandr0rkney, at Skaill Bay. ' Six ex- 

cavations have been carried out on the site, the main 

one being that of Gordon Childe in the late'1920s 

(Childe, 1931,1950). Childe identified'the settle- 

ment as Pictish; and it was not until 1936 that Stuart 

Piggott (1954) finally dated'the`Skara Brae to the 

Late Neolithic and belonging to the Grooved Ware, tra- 

dition. The most recent excavations have been carried 

out by David Clarke (1976), and radiocarbon dates have 

indicated settlement between 3100 and`2450BC. '" 

The settlement at Skara Brae went through several 

phases of occupation, during which time the houses 

were rearranged, altered and demolished. Because of 

this, very little remains of the primary settlement. 
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As would be expected, the final phases of settlement, 

built into_the. midden of the previous settlement, are 

best preserved. The houses, of which there are at 

least eight, were square or rectangular,, the layout of 

each being very similar with a central hearth, and 

slab-built furniture, including a. -'dresser' 
placed op- 

posite the entrance.,, 

A large variety-of finds was recovered from Skara 

Brae, including flint scrapers. and, flakes, Skaill 

knives, carved balls and axes, bone awls, needles, 

beads and pins,, and large, quantities of pottery. 

Decoration adorned stone and bone artefacts as well as 

the. exteriors, and interiors of pottery vessels. 

The-site of Rinyo on Rousay was excavated in 1938 and 

1946 by Gordon Childe: and W. F. Grant_(1939,1947). 

The., settlement. was, _very-similar to Skara Brae in terms 

both of the house-plans-and material culture. Again, 

like. Skara Brae, the settlement went through various 

phases of demolition and rebuilding. -Although 
the 

remains of eight houses were uncovered, it appears 

that only two or three of them were occupied at any 

one time.. Grooved. ware. pottery was recovered, as 

were flint. tools, stone axes and balls and the remains 

of bone tools, all having_parallels. with Skara Brae 

material.. 
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2.1.4 Scottish-Neolithic Pottery 

In-early Neolithic Scotland, -as in the rest of - 

Britain, there-are distinctive; regional differences 

within. the pottery-from-the chambered tombs (Fig 4). 

The styles-which have-been recognised in the north and 

west of Scotland. -include Achnacree bowls, found on the 

west coast, which are globular vessels with expanded 

rims, the latter bearing incised decoration; Beachara 

bowls, also found on the west coast, some of which 

have a rather conical outline and are again decorated 

in-the area of the rim or neck with incised decora- 

tion; Hebridean pottery which is found in a variety of 

forms, including bowls and dishes, and is highly - 

decorated around the collar with incised motifs; and 

Unstan ware-which is found in the western Isles and 

Orkney and comprises a range, of decorated and un- 

decorated bowls, the characteristic vessel being a low 

collared bowl, with incised decoration usually - 

restricted to the collar area (Ritchie and Ritchie, 

1981,44-45). 

Unstan, Ware was named after the chambered tomb of Un- 

stan on Mainland Orkney. Unstan bowls have been found 

on domestic sites-in Western Scotland at Eilean-an- 

Tighe, North-Dist (Scott, 1951), -and Northton, Harris 

(Simpson, 1976), but at neither-site was the"house 
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type clearly established. Prior to the excavations at 

Knap of'Howar (Ritchie, 1983) where'sherds represent- 

ing-thirteen Unstan bowls' were found, Unstan pottery 

had not been found on a domestic site in Orkney and 

was regarded 'as funerary pottery-. - At'°Knap of °Howar 

there was, 'in addition` to the finely 'made' Unstan 

bowls, -a range of more~coarsely made wares, some' 

tempered with'shell, and represented by simple'bowls 

(41 examples)'and bowls with shoulders or cordons 

(about nine examples). - 

It is clear from radiocarbon dates (Kinnes, 1985,23) 

that-the use of Unstan'Ware overlapped with use of 

Grooved Ware. As there'is no"instance of the con- 

temporary use of Unstan Ware and Grooved Ware pottery 

on the-same site, it'is'assumed that'the'users of Un- 

stan"Ware and Grooved Ware were distinct and separate 

communities, each with-its"own'materialýequipment and 

style of tomb (Kinnes, 1985,43). However, despite" 

the marked differences between them, it is not impos- 

sible that the assemblages have no social import 

beyond the level of familial preference. 

The later Neolithic pottery has a greater diversity"of 

form'and decoration than the earlier wares. Fabrics 

are'coarser and the vessels tend to be flat-based 

rather than round-based. Decoration is applied or en- 

crusted, or incised into a thick slip. In Orkney, 
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found-in-the'south. In==addition; he-stresses that 

there are more similarities than are at first apparent 

between the Grooved Ware and Unstan Ware communities 

of the North. -ýI' 

Kinnes-(1985)- in'summarising'the problems of Neolithic 

pottery-in Scotland as a whole commented - 

,, "Little-work has been undertaken on fabric 

analyses so that no basis exists for 

speculation on wider exchange systems 

or further-characterisation of styles 

-distinguished by form or decoration. 

[In]-the absence of stratigraphic controls" 

... relative chronology largely'depends on 

the dangerous method of--correlation with' 

monuments-and available radiocarbon dates. - 

..... The potential for-regional analysis is 

here but..... this is~-rendered even more 

difficult by the looseness of definitions 

involved (Sharples, 1981,39). These cannot 

be remedied until far more detailed study and- 

-classification is undertaken. " 

The assemblage at Pool provided the opportunity to 

take a first step to rectifying this situation. 
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2.2 BACKGROUND TO THE EARLY HISTORIC PERIOD 

2.2.1 Scotland in the Early Historic Period 

The later sequence of deposits at Pool belongs to the 

late prehistoric/early historic period, an era often 

described as 'Pictish' when referring to the northern 

part of the country. 

Combining the archaeological evidence with historical 

and placename records for this period has proved prob- 

lematic, especially for the North. There are few his- 

torical records which refer to the Picts, and the only 

surviving written source attributable to the Picts 

themselves is a regnal list, that is a list of their 

kings and the lengths of their reigns. Archaeologi- 

cally there is little which is distinctive, at least 

for the early part of the period. Many of the dif- 

ficulties in recognising 'the Picts' in the ar- 

chaeological record have stemmed from attempts to fit 

the archaeological evidence into an incomplete histor- 

ical framework. 

2.2.2 Historical and Placename Evidence 

The name 'Picti' first appears inEumenius' Latin, 
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tion of. a Pictish Period, beginning around AD 300. It 

is not certain whether 'Picti' represents a Latinised 

version of the Picts' name for themselves, or the 

Romans'. term, for a 'painted people' (there are many, 

references to the inhabitants of northern Britain 

tatooing themselves,, and-, also applying woad to the 

skin). Eumenius, mentioned the, Picti, along with the 

Hiberni, as enemies of-the Britanni. From about AD 

360, the Picts, Scots and_Saxones, are often mentioned 

together, -as hostile, forces attacking. the Roman pro- 

vince of Britain (Wainwright,, 1955,3). 

The Picts were an amalgamation�of two main groups, the 

Caledonii and the Maeatae, named by. Cassius Dio as the 

tribes in control of the lands north of the Antonine 

Wall in the early 3rd century,. but as Alcock (1971,. 

271) has pointed out, this may be an oversimplifica- 

tion of the situation, due to the ignorance of the 

classical writers. 

Geographically, the Pictish territories seem to have 

taken in all lands north of. the Forth-Clyde line, al- 

though their 'heartland' was in east Scotland. After 

about AD 500, the area corresponding to present day 

Argyll had been taken over by. the Scots, Celtic incom- 

ers"from Ireland, becoming the kingdom of 'Dalriada'. 

The historical sources contain only oblique references 
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to the religion of the Picts before Columba's mission 

to'spread Christianity to the'north of Scotland in the 

6th century. 

A single Pictish kingdom may have developed`by around 

AD 550', but this is not clear from the historical 

references. Bede distinguished between the''northern 

Picts' and the 'southern Picts' when-discussing 

Columba's mission (Wainwright, 1955,21). Brude mac 

Maelchon, with his stronghold near Inverness, "was de- 

scribed as being king of the pagan 'northern Picts'. 

However, the distinction between 'northern''and 

'southern' Picts may have been meant purely in the re- 

ligious sense, 'the 'southern' Picts having been'con- 

verted to Christianity previous to'this, by St Ninian. 

In AD 843"the Pictish kingdom was united with'Dalriada 

under the Scottish king, Kenneth MacAlpin (Ritchie and 

Ritchie, 1981,159). " 

Until the recently discovered 'Bern Chronicle' (Dum- 

vill, 1976), "there was no historical evidence pertain- 

ing to Orkney in this period. The content of the 

Chronicle is for the most part a copy of part of 

Bede's 'Historia Ecclesiastical, the entry for AD 46, 

including'a'reference to the Picts, which in transla- 

tion reads "he [Claudius] also annexed the Orkney is- 

lands of the Picts to the Empire, and from there 

returned to Rome" (Ritchie, 1985,184). 
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Certain'placenames, are thought to have been derived, 

at least 'in part, ' "from Pictish 'language. The most 

common of these incorporate the Pictish element 'pit', 

which is derived from the Pictish word 'fett' and is" 

thought to meän'a 'share" of land. Most of these 

'pit' names have Gaelic-second elements, for example 

Pitcaple, meaning 'horse-share', from the Gaelic 

'capull', (Nicolaisen, 1976, -,, 154). - These names proba- 

bly date to the 9th and 10th centuries AD, after the 

Union of 843, with the Scots settling on former 'Pic- 

tish' land (Ritchie and Ritchie, 1981, "160). 

Many of 'these place=names coincide with the area sug- 

gested as the Pictish heartland. There are about 

three hundred 'pit' names, confined to the east of 

Scotland, north'of the"Forth and south of'Easter Ross 

(Ritchie and Ritchie, 1981,160). 'However, the sur- 

vival of`a name will depend on the extent of renaming 

by later-settlers. - In the far North, for example, 

many of the placenames, can be traced, to the later 

Viking settlers. 

2.2.3 The Archaeology of the Pictish Heartland 

Thomas (1984A, 326), -stressed that in looking at the 

archaeology of the period, it is necessary to estab- 
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lish which artefacts can be claimed as exclusively 

Pictish, that is, those which, unlike other-objects 

such as rotary querns, do not have a long-tradition, 

extending back. into the, Earlier Iron-Age. He con-- 

cluded that the only-exclusively 'Pictish' items that 

can be identified are stone, and less commonly, bone 

and metal objects, incorporating Pictish art. 

It is possible that the spread of, Pictish, art owes-a 

great deal, to the, spread of Christianity. The estab- 

lished late Iron Age cultural assemblage continued 

without a great deal of innovation until the 6th 

century, from which point the developments were in ap- 

plying, 'Pictish' symbols to the existing-forms, rather 

than the emergence of a new range of objects. Class I 

symbol stones (symbols incised on undressed, often ir- 

regularly shaped stones) probably date to the 7th and 

8th centuries, ýwhile Class II stones (symbols in 

relief, -usually accompanied by a cross, on dressed 

stone) may, date to the 9th and 10th centuries, (Thomas, 

1984B). The use of the Ogham alphabet must have been 

acquired from the Scots, and stones bearing Ogam in- 

scriptions are, generally taken to date, -at, the ear- 

liest, -to the-8th century (Ritchie, 1984,3). 

Even with pottery, which is usually a sensitive 

chronological indicator, an established sequence is 

lacking for the southern Picts. Alcock (1984) has 
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remarked that i 

most unknown` in 

periods. A few 

and post=Roman, 

found in 6th to 

n'the heartland, '-'native pottery is al- 

both the 'proto=Pictish''-and historic 

vessels were imported from the Romans, 

Class E, kitchen ware is occasionally 

8th century contexts. 

The only monuments:. of the period-found over a wide 

area are kerbed cairns, either circular or rec- 

tangular enclosingrburials`'in long cists, and found 

from Fife to Shetland (Ashmore, 1980, Close-Brooks, 

1984). There are also many examples of burials in 

stone-built long cists without cairns. 

Settlement evidence for the south and east of Scotland 

is restricted to 'citadels' '(often the final-phase, of 

multi-period forts), 'nucleär forts (a central area 

with looping out structures) and promontory forts. 

Many of these are undateable without excavation, and 

could belong to any time between the 3rd century BC 

and the end of the first millenium AD (Feachem, 1955). 

Souterrains (underground 'passage' buildings)', often 

associated with timber buildings, are another possible 

Pictish monument type. The Angus-Perthshire group, ` 

which are"the önly group that can be confidently 

dated, appear to have gone ouCof use and been-filled 

in by the beginning of the 3rd century AD (Ritchie, 

1984). Recently a group of rectangular, presumably 
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timber,, halls with a distribution in -the east of , Scot- 

; land have been identified, by aerial photography, -and 

suggested as possible-settlements of the: historical, 

Picts, (Maxwell, 1987). 

2.2.4 'The Problem of the Picts'. 

The archaeological record for the late 

Prehistoric/Early Historic period in Southern Scotland 

is then largely incomplete. Souterrains appear to-: - 

date to the early part of the period, while forts and 

cist burials probably span the whole period. Domestic 

sites for the period in 'southern Pictland' are little 

known. Artefactually., the-pottery and metalwork con- 

tinues in , the late Iron Age tradition for-, the early 

part of, the period at least. 
. 

Placename and historical records are-difficult to-in- 

tegrate, with the archaeological evidence. - One problem 

is that the Picts are usually an aside rather. -than the 

focus of the writings of a chronicler., --The-records 

which do exist are heavily biased towards political 

organisation and battle descriptions, rather than to 

the way in: which the people lived and worked, which 

would-be of much more use, to the archaeologist. 

The question of, amalgamating the historical-, -. ar- 
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chaeological and placename evidence for the period was 

tackled in 1955 at the often quoted conference, 'The 

Problem of the Picts',., -It was the first time that any 

serious discussion had. taken place as to how the ar- 

chaeology fitted in with the historical and placename 

evidence, the term 'Pictish' having previously been 

used by archaeologists with little regard as to what 

it meant. Ritchie (1974,23) suggested that, the lack 

of success in finding an answer to the problem was due 

to the fact. that the contributers required "an impos- 

sible degree of, correlationbetween historical and ar- 

chaeological, evidence",, something which should not be 

expected_considering the nature of the sources. 

Ritchie (1985,183) has argued that it is not until 

the 7th century that the Picts can be recognised ar- 

chaeologically. She noted that few artefacts can be 

determined as specifically Pictish as opposed to 

belonging to. the, general artefact traditions of the 

north and west of Britain, and concluded that without 

the carved symbol stones, it would be almost impos- 

sible to recognise the Picts in the archaeological 

record. As Watkins (1984) has commented, the Picts 

were . 

"living. on the same settlements where their 

ancestors the proto-Picts had lived, going 

patiently through the formative stages of 

social,, economic and political development 
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towards the emergence of a powerful kingdom 

and a widespread nation. And the core of 

that', development took place-. in-that, very part 

of-. the Pictish world, Angus-and the Mearns, 

which-was later called-the 'pars principalis!. 

of the-Pictish kingdom: ' (1984,83) 

_ý 

To-summarise, the first-historical references- to,, the-" 

Picts were-merely mentions of established groups-north 

of the-Antonine. Wall, a naming-of existing peoples. 

As would be expected, in the early 'historic' period, 

there is cultural continuity with the Late Iron Age 

groups, with local differences remaining. Because of 

this it is not possible to determine a specifically 

Pictish assemblage or settlement type for-the whole of 

the Pictish kingdom. - It is not until the 6th, 7th and 

8th centuries that the Picts can be recognised ar- 

chaeologically in their southern province with the 

appearance. of symbol stones, and-decorated-metalwork. 

2.2.5 The Archaeology of the 'Peripheral Picts' 

Evidence for the, -', peripheral Picts' (Alcock, 1980), an 

even-more dubious term for the inhabitants in the 

north and west of-Scotland and the Northern-and West- 

ern-Isles, bearing a , diluted 'Pictish' culture, is- -- 

even less conclusive-than for the Picts of southern 
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Scotland. 

Ritchie-(1985,183) suggested that "... it can no 

longer be doubted that Orkney was indeed a flourishing 

province'of the Pictish kingdom-, throughout its exis- 

tence. "' In Orkney, the tribes may have'been''Pic- 

tish' in the political sense, in so far as they were 

recognisedýby chroniclers as-part of"the amalgamation 

of kingdoms-which owed allegiance to the heartland, 

although evidence for even`this is scanty. -Beyond'» 

this it is difficult to isolate characteristics which 

would support the-definition"of a Pictish period in 

the North. 

Some would, preferTnot to use-the term, 'Pictishl'in 

connection with the north in this period. Ashmore 

(1980) in discussing-rectangular cairns and mounds in 

the north of Scotland and 'the Northern Isles, 'refers 

to the 'Pre-Viking Iron'Age'. "Another alternative is 

to'refer to the''post-broch Iron Age', or the 'Late 

Iron Age' (used in the current work). ' 

The only distinctive artefact of the early post-broch 

Iron Age is'the painted pebble', found locally in the 

Northern Isles and the extreme north Mainland of Scot- 

land. For the later part of the period; eight symbol 

stones are' known from Orkney, - of"which four are incom- 

plete. They have been dated to the 7th century AD or 
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at the latest, the 8th=century AD, -on the basis of.,, -, 

their-early-form of the"crescent-and-V-rod , symbols 

(Stevenson, - 1955).. 

In the, -North, -the use. -of stone as the common building 

material has ensured the survival of many domestic 

sites of-the-Late Iron Age. " Unfortunately, ý for many 

years,; -assemblages of-this period were dismissed in 

excavations, in a few-paragraphs--describingHthe 

'secondary occupation' of brochs when the prime inter- 

est had been the occupation sequence of the tower it- 

self. - (In the case of'-Gurness the later, that. is, - 

Pictish and Norse levels were-not even recorded by the 

excavator, although recent reinterpretation of the ex- 

cavations has identified possible, -cellular. buildings= 

(Smith, -"1981). ) . Alternatively, Late Iron Age assem- 

blages would be, described-in a short section on 'ear- 

lier-. levels ; when the main -interest Slay in the excava- 

tion of Norse settlement. Only recently, at Buckquoy 

(Ritchie-1977) and Pool (Hunter, 1984), -have settle- 

ment. sites-of-this period been the focus of-major ex- 

cavations. 

Alcock has suggested (1980,7O)-that, in the first half 

of the-2nd century AD a socio-political shift'in the 

Orkneys may be identified in-the archaeological record 

by the reduction or abandonment of strongly defensive 

structures.,, Broch and fort defences fell into dis-' 
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repair'at this time, or" were'dismantled and replaced 

by settlements in'-the vicinity. This-is'seen; r--for ex- 

ample, at the'Howe; ''Mainland, 'Orkney (Carter, -1980),, - 

where the broch was abandoned, although reasonably in- 

tact, around that time. 

Brochs"were sometimes reoccupied shortly after the in- 

itial abandonment. At Crosskirk in4Caithness the 

reorganisation of'the interior of'the broch was dated 

to the 2nd'century AD (Fairhurst-1984). The associa- 

ted settlement-consists: -of«'rectilinear-enclosures, 

hearths"and'settings, of flagstones. At the broch of 

Midhowe,. on°Rousay,, 'there were at least two 

reconstructions within the courtyard, one of which 

seemed contemporary with"a threatened collapse'of the 

north-west of'"{the" tower: ` ' Around" the broch were" two 

phases'of buildings, all secondary, consisting of long 

narrow chambers, sub-oval"chambers and small cubicles. 

Reoccupation of, some brochs'took'the form of a wheel- 

house built into"the'interior of the original struc- 

ture. Wheelhouses are apparently a western develop- 

ment, the'wheelhouse settlement, a'Cheardach'Beag, 

South Uist (Fairhurst, 1971), being one"example. They 

are circular, with a-central hearth and radial, piers 

subdividing theýýinterior. In wheelhouses, the piers- 

abut--the house wall, whereas in the contemporary 

aisled'round houses, the piers-are free-standing and'a 
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during rescue excavations in the-early 1970s. : Four: -. 

phases were'recognised; -: dating to'the 7th to-10thrv-. 3 

centuries AD, Phases'I and-II being. 'Pictish' and: 

Phases III and IV, 'Norse. The earliest structure was 

part of a house-. -characterised by a central chamber 

with rectilinear cells around it, Ritchie's 'cellular' 

house type. The Late Pictish farmstead of, Phase II 

had a `figureýof-eight' house, consisting of four in- 

terconnecting -zooms. - -Ritchie dated the houses at -. 

Buckquoy to the 7th and 8th centuries on the basis of 

an ogham-inscribed whorl and a painted pebble -- 

recovered-during-the excavations-(Ritchie, 1977,192). 

A series of, farmsteads, similar in their-cellular plan 

to those at Buckquoy, were found in the-post-broch 

phase at Howe (Neil, 1985)-. 

There are no parallels for cellular houses in the 

north-east of Scotland (Shepherd, 1983), but they have 

been recognised in the West. At the Udal, North Uist, 

similar houses occur at the-end of a five hundred year 

long evolution of settlement type from the Iron Age, 

apparently beginning with single large 'cells' and de- 

veloping to multi-cellular houses (Crawford, 1974). 

Circular houses have-, also-been recorded for the peri- 

od. At Skaill-on Mainland Orkney three'sites, -were ex- 

cavated and described as Iron Age, Iron Age/Early 

Christian and Early Christian/Norse. The first struc- 
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ture on the second of these sites was a circular house 

which was eventually abandoned and much of its area 

paved over. The earliest radiocarbon date for this 

upper level-is ad 530±100. A building consisting of 

up to six oblong walls was built on the paving. 

Souterrains, also called 'earth-houses', are found in 

both Orkney and Shetland, but differ from southern 

souterrains in that they contain distinct chambers. 

In the southern types the 'chamber' is little more 

than a widening of the passage. It is thought that 

many of the northern examples date to the early 

centuries AD. A rescue excavation was carried out at 

the souterrain Grain II on Mainland Orkney in 1983. 

Two levels were identified, relating to the primary 

use of the earth-house and a post earth-house occupa- 

tion. 

2.2.6 The Late Iron Age Pottery Sequence for the 

North 

Until recently, no pottery sequence had been estab- 

lished for Orkney. However, the excavations at Pool, 

as well as Skaill (Jane Belham, pers comm) and Howe 

(Andi Ross,, pers comm) have allowed work to be carried 

out on the problem. (The pottery sequence from-Pool- 

is detailed in Chapter 6). 
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Hamilton,, 1956). ýý 

At-, Clickhimin, the, pottery from the wheelhouse levels 

was fine and hard-fired, the-most common type. being a 

large globular pot with an everted rim. Smaller 

barrel-shaped pots were also common, many with slight- 

ly, flanged flat rims and rolled or beaded rims. Some, 

of the vessels had splayed bases, occasionally . 
decorated on their under side. At both Jarlshof and 

Clickhimin-(below) the later wheelhouse pottery was 

elaborately decorated with incised motifs.. 

It should be noted that the pottery which Hamilton as- 

sociated with the Iron Age fort occupation at Click- 

himin, that is, the pre-broch phases, is probably later 

and more likely to be from midden associated with the 

wheelhouse occupation. The pottery in question com- 

prised over 3000 sherds from beach deposits outside 

the ringwall. It is very similar to the wheelhouse 

pottery from both Jarshof and Clickhimin, being well- 

fired and-including some burnished sherds. 

At. Buckquoy, the pottery associated with the figure- 

of- eight-house included several-sherds which Ritchie 

(1977,197) described as having a "fine sandy fabric 

containing mica and a little small stone grit: outer 

surfaces-are buff to red in colour, inner surfaces 

black". All were wall sherds or flat-based sherds. 
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Ritchie remarked on the paucity of the pottery assem- 

blage, but from what she could tell, 'thought it to be 

similar to the'pottery associated with wheelhouse pot- 

tery from Jarlshof"-'and Clickhimin (Ritchie, 1977, 

181). 

The only possible 'potter's workshop' of the period to 

be found in the Northern Isles is on the Calf of Eday, 

the island to the west of'Pool. Near a Neolithic 

chambered-cairn was an oval building of wheelhouse 

type, off which was a recess with a'deposit of peat 

ash containing many fragments of flat-bottomed pot- 

tery. Many different clays were present, and a small 

pit' with a stone lining which may have been used as a 

container for soaking the clay. It'was suggested 

(Calder; 1937,1939) that this was contemporary with 

the later use of the house. The pottery from the 

workshop was different to that from the rest of the 

building, which was dated to the early Iron Age on the 

basis of its decoration. The pottery from the chamber 

was'coarser, thicker and undecorated, and some of the 

sherds had flattened rims. Beside the workshop were 

the remains of dwellings, which seem to be later than 

the workshop. The pottery from these dwellings had 

thin walls, a hard, sandy fabric and flared out bases 

(Calder, 1937,1939), and were similar to the pottery 

from Pool. 
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To summarise, in Orkney and Shetland there is a, dis- 

tinct change in the type. of pottery produced in the.,. 

late., Iron Age from that., produced during-the primary. -,. 

occupation levels of the brochs and contemporary 

settlements. The coarsely made pots decorated with 

applied fillets of decoration are replaced by well- 

fired pottery, commonly burnished but rarely 

decorated, often having distinctive rolled and beaded 

rims and flat bases. At Jarlshof and Clickhimin, 

decoration (including decoration on the underside of 

bases) becomes more common in the later part of the 

pre-Norse levels, contemporary with the later 
, wheel- 

house. phases. -This. may be a development common to 

" Shetland but, not Orkney, as in the final phases of-the 

late, Iron Age at both Pool and Howe, decorated. pottery 

is: rare. 

Burnished and unburnished pottery from certain sites 

and several sherds, (mainly from fieldwalking and held 

in Tankerness House Museum, -Kirkwall) were analysed to 

establish whether the burnished pottery was an import 

to the sites, -or, could have been made-locally. The 

sites from which pottery was. analysed were (number of 

sherds in brackets) - Skaill (44), Howe (30), 

Crosskirk (13) , °Jarlshof (5), Clickhimin., (2) , Grain II 

(1), Mound.. of Hodgalee (1) , Deerness (1), Churchyard 

Mound,, Keiss (1), Broch of Lingro (St Ola) - outbuild- 

ings (1), St Tredwell's Chapel (1), Howe, Sanday (1), 
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Calf of Eday (1), Freswick W. ' The location of the 

Orkney sites can be found in Fig 1, a catalogue of the 

sherds analysed in Appendix 2, and the results of the 

analyses in Chapter 6. 

2.3 THE SITE OF POOL 

2.3.1 Introduction 

The site at Pool is an eroding mound on the coast at 

the south end of the island of Sanday in the Orkney 

islands. Similar mounds have been identified in other 

parts of Sanday and North Ronaldsay, and have been 

designated the type name of 'farm mounds' (Davidson et 

al 1983 and 1986). 

The mound at Pool was first identified by the Orkney 

archaeologist Dr Raymond Lamb, and in 1981 the section 

was recorded by a team from Bradford University 

(Hunter and Dockrill, 1982,570-3). Roughly 40% of 

the mound had been lost to erosion, and excavations 

were carried out between 1983 and 1988, directed by Dr 

John Hunter of Bradford University on behalf of the 

Scottish Development Department (Historic Buildings 

and Monuments). 
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The excavations are currently being written up by Dr 

Hunter for publicätion. `The following summary is 

based on forthcoming work, referred to as - papers'A"to 

D. ' These are referenced fully in the bibliography un= 

der (A) Hunter, Dockr ll, Bondýand Smith eds` 

(B)'Hunter, forthcoming A; (C) Hunter, Bond and Smith; 

and (D) Hunter, forthcoming B. 

2.3.2 Initial Recording and Survey 

There were two main periods of-' occupation`on'thelsite, 

represented by two distinct zones of deposits. Above 

the bedrock was a series of black tips. These were 

overlain by a zone of'sandy reddish-brown"'tips'lärgely 

composed of'äsh derived from the burning of -a peaty 

turf with a high iron content (Dockrill, 1986). The 

red tips were overlain'by ä further series of'black'' 

tips. Above the tips were' a series of deposits"which 

had a higher organic composition and'included midden 

material and structural remains (Paper A). ' 

t+ ." 

A contour survey showed the mound to be slightly less 

than 0.8m OD at its highest point. At first it was 

thought from the artefäcts recovered from'the-section 

that the mound spanned the later Iron Age-'and Norse 

periods, but on excavation the'lower tip deposits were 

identified as Neolithic (Paper A). ' 
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Magnetometer and resistivity surveys were carried out 

to-define the limits of the site more precisely than 

consideration of the contours alone allowed. The site 

was 50m wide and its coastal length was estimated at 

8 om. 

2.3.3 Excavation 

The results of initial investigations prompted an ex- 

ploratory excavation. Three 5m x 20m trenches were 

opened - trenches A, B and C- to define the southern, 

eastern and northern extent of the mound, respective- 

ly. These confirmed the results of the geophysical 

survey (Paper A). 

In the following seasons, the trenches were extended 

to form a full section, over 70m long, running north 

to south. By the conclusion of the excavations, ap- 

proximately half of the site had been opened, and 

about half of that area excavated to undisturbed geo- 

logical deposits (Paper B). 

In phasing the site, Hunter (Paper A) drew his divi- 

sions to reflect 'events' in the formation of the 

mound which did not necessarily coincide with changes 

in the settlement. Phases 1 to 3 were Neolithic, 
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Phase 4 dereliction, Phases 5 and 6 later Iron Age, 

Phase 7°Iron. Age/Norse interface, and Phase 8 Norse 

(see Table 2). 

PLOUGHSOIL- 

NORSE 
8.2 Secondary phase of longhouse 
8.1 Building of Norse longhouse 

IRON AGE/NORSE INTERFACE 
7.2 Secondary phase of rectangular building 
7.1 Building of sub-rectangular structure 

LATE-IRON-AGE- 
6.7 Decline 
6.6, Contraction of, settlement, 
6.5 Paving of the entire complex 
6.4 Paved area laid 
6.3 Addition of chambers and passages 
6.2 Refurbishment of roundhouse 
6.1 Roundhouse 
5.2 Animal shelter 
5.1 Late Iron Age 'passage building' 

ABANDONMENT 
4.1< Possible agricultural activity 
4.1 B Horizon 

NEOLITHIC 
3.2 Black tips, flagging and rubble 
3.1 Black tips, circular structures 
2.3- Red tips extend-further, several sub-circular 

structures 
Sand Horizon 
2.2 Red tips, rubble, tipping covers part of 2.1 

, plough soil 
Sand Horizon 
2.1 Red tips, rough flagging, ploughing 
1.2 Black tips, traces of small circular buildings 
1.1-, Black tips, no structures 

UNDISTURBED GEOLOGY 

Table 2: Summary of phasing for the site of Pool. 
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2.3.4 The Neolithic Phases 

The tips above the bedrock proved to be Neolithic 

deposits representing continuous occupation from the 

fourth millenium BC to the late third or early second 

millenium BC (Paper C). 

The earliest occupation levels (Phase 1) were only un- 

covered in the northern two square metres of the 

trench. It would appear that the nucleus of this 

settlement was located to the north of the later 

centre of occupation. Phase 1.1 was represented by a 

series of black tips, without structures. On top of 

these, near the modern turf level, were faint traces 

of small circular buildings, approximately 2.5m in 

diameter, with walls only one stone thick (Phase 1.2). 

A few sherds of pottery including several Unstan Ware 

rims were recovered from this phase. 

The overlying sequence of red tips with their associa- 

ted structures (Phase 2) were split into three zones 

(Phases 2.1,2.2, and 2.3) by two layers of windblown 

sand. This sequence of deposits formed relatively 

rapidly; the differences between radiocarbon dates 

from the various phases are not significant, with 

respect to the precision of the radiocarbon technique 

(Hunter, pens comm). 
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Phase'2.1`wäsIonly excavated in the'soüthern area of 

the'trench, where a small patch of rough flagging or 

rubble with ardrnarks around it was uncovered. The ex- 

cavated deposits of Phase 2.2, covering a slightly 

larger area; cöntained'rubble but' no'recognisable 

structures. ByI'this phase the tipping had extended 

and covered part of the plough soil''of`Phase 2'. 1. 

The expansion of the'tips continued'in Phase 2.3 by-- 

the end of which they covered most of the`excavated"' 

area. Several sub=circular structures were exposed, 

one of which, Structure 6, was a cellular building 

with an internal double-faced wall and än external 

wall. The structure was built on, contemporary with"' 

and sealed by red tips. 

The'Phase 3.1 deposits covered the extent of the ex- 

cavated area'and included a series`of circular struc- 

tures, the most substantial being Structure 8 which 

had walls almost 3.5m thick and formed of a series of 

concentric facings, the result of repeated addition of 

revetting walls. The interior of the building was 

circular and over 6m in diameter. Within, a series of 

pits' and'depressions surrounded a central stone-sided 

hearth. Entry to'the structure was through a`narrow' 

stone-lined passage. 
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The structural elements of Phase 3.2 comprised some 

flagging and rubble cut by later features. It was not 

possible-to ascertain-'if the Phase 3.1 buildings were 

still in use during Phase 3.2. 

Associated with Structure 8 (Phase 3) were'large 

quantities-ofýcoarse pottery"with applied decoration. 

Similar pottery has been-found at Skara Brae (Childe, 

1931 and-1950), Quoyness (Childe, 1952)'and, Rinyo 

(Childe and Grant, 1939 and 1947), and cultural links 

with these settlements were strengthened with the dis- 

covery of-a'double-spiked stone object=very similar to 

those found at Skara Brae and Quoyness. 'The flint`as- 

semblage included approximately' 10% of retouched 

pieces, ' amongst which" scrapers, knives, points and ar- 

rowheads-were noted (Bill Finlayson,, pers comm). 

Coarse stone tools of the-period-included pot-lids, 

hammerstones and a quantity of Skaill knives, a type 

found'in'large numbers'at Skara`Brae. 

2-. 3 .5 'The 'Abandonment' " 

The'Neolithic and Iron'Age phases were separated by a 

B-horizon (Phase 4.1). At the south end of the trench 

slight traces of some rubble walls, possibly'associa- 

ted with agricultural activity (Phase 4.2) were re- 

corded. 
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2.3.6 -The Iron-Age Phases 

The site, -was reoccupied in, theilate Iron Age (5th-. 

century AD)-(Paper B). One of the earliest of the 

Iron. Age features. was the remains of a flagged pas- 

sageway. with. an orthostatic entrance, cut by a later 

building. It probably. led into a building. which had 

been destroyed by later construction. 

Contemporary with the. passage was a small sub- 

rectangular structure with a dished flagged floor and 

an orthostatic entrance very similar to those at. the 

end of the flagged passage. It was interpreted as an 

animal shelter because of trough-like structures 

against the long, walls (Paper B). . 

A; large oval building approximately 6m in diameter was 

later constructed on the site"(Phase, 6.1). A. ring of 

orthostats concentric with the outer wall divided the 

house into an inner area containing the hearth, and an 

outer area, presumably for storage and including at 

least two slab-built tanks (Paper B). 

An extension with two further tanks was later added to 

the building-(Phase 6.2). By this stage the 'animal 

house'. had been abandoned and the other structures 
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covered with tips-. '', Several chambers and-'passages were 

added'to the building (Phase 6.3) and a paved area 

about 20m in length was subsequently laid (Phase 6". 4). 

The paving"included an ogham stone and a Class I sym- 

bol stone which Hunter believed dated the structure 

broadly to the sixth century AD (Paper B). Shortly 

after-this small "stretch of paving was laid, large 

sections of the Neolithic mound "were paved over, en- 

circling'the entire complex (Pha'se 6.5)' (Paper C). 

Artefacts associated with the Iron Age occupation in- 

cluded well-fired burnished-potteryý(MacSween et al, 

1988)', "worked red ' deer' antler and animal bone''(includ- 

ing pins and combs), pumice'for net floats, -, and a va- 

riety of-flint and stone artefacts. 

a' 

Soon after the beginning of the 7th century, the 

settlement began to contract (Phases 6.6 and-6.7). 

Many of the chambers went out of use, ' and- midden 

material spread over much of the courtyard, indicating 

gradual` abandonment. 

2.3.7 Norse Occupation 

The primary Norse phase (7.1) is*marked by the build- 

ing of a sub-rectangular structure with stone walls 

which was erected to the north of the Iron Age settle- 
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ment. The building, which measured lam by 5m, proba- 

bly. had a wooden floor. and roof. Evidence suggests it 

was. never used as a. dwelling but may have-been a., grain 

store or, threshing barn. It seems likely that during 

this 'interface! period, the.. Iron, Age. settlement _, 

remained in use. Some time later (Phase 7.2) one of 

the walls of the Norse building was buttressed. By 

this time the Iron Age settlement had changed and some 

of the buildings were reused in the construction of a 

rectangular building, possibly a workshop. 

At the same time as the sub-rectangular building was 

constructed, other changes were noted in the artefac- 

tual and environmental record. Steatite was intro- 

duced, flax cultivation began (Bond and Hunter 1987) 

and there is evidence for the first incidence of horse 

breeding on the site (Paper D). From traces of 

arthritis on the cattle bones, it appears that cattle 

may have been used for traction in the Norse period. 

Associated with the sub-rectangular building were some 

steatite fragments, two clay loomweights, two nail- 

headed bone pins and a fragment of a side-plate from 

an antler comb of a common Viking type. In other 

parts of the site, late Iron Age double-sided combs 

continued in use, as did burnished pottery. Steatite 

was used in the Viking phases as vessels, whorls and 

weights. 
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In the final phase (Phase 8) of the site, a Norse 

longhouse, used as a dwelling, was built to the south 

of the stone and turf building. The Iron Age build- 

ings to the south had by this time been abandoned and 

covered over by the Norse tips. 
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CHAPTER 3 

THE STUDY OF POTTERY 

"In designing typologies, archaeologists 

frequently do not go beyond the level of 

collectors, describing and cataloguing 

their latest acquisitions, and it is 

questionable as to whether this is in 

any way a useful activity. " 

(Van As, 1984,134). 

Specialist reports on Scottish coarse pottery assem- 

blages traditionally comprise a sherd count, an 

estimate of the minimum number of vessels in the as- 

semblage and catalogue of the diagnostic sherds of an 

assemblage, followed by a discussion which is largely 

concerned with the distribution of similar vessels (eg 

MacGregor, 1974; Fairhurst, 1984). Where fabric is 

mentioned at all, it is usually subjectively, with 

little attempt at relating it to vessel manufacture or 

function. Although thin section analysis is sometimes 

undertaken, it is seldom related to the manufacture of 

the pottery, the main aim being to discern whether or 

not a vessel was locally made (eg Williams, 1979). 
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Van der Leeuw (1976) has suggested that many of the 

present problems in artefact research as a whole stem 

from the fact that archaeological theory and practice 

have been developing in different directions, result- 

ing in the two becoming largely incompatible. 

In the first half of this century, pottery studies 

were concerned mainly with vessel shape and decora- 

tion. The main aim of intra-site pottery studies was 

the determination of a site's date by comparison of 

its pottery with that from other sites, and the aim of 

inter-site studies was the identification of Childean 

'cultures'. 

Pottery was regarded as one of the 'facts' available 

to the archaeologist. Carr has stated that facts of 

history "become facts........ only in virtue of the 

significance attached to them by the historian" (Carr, 

1961,120). A similar process occurred with pottery 

and the archaeologist - on the basis of ceramic 

'facts' or 'types', sequences were drawn up, and the 

arrival, interaction and disappearance of various 

peoples postulated. Pottery was regarded as merely a 

"chronological indicator" or a "cultural signpost" 

(Howard, 1981,2). 

The 'new archaeology' of the 1960s removed the empha- 

sis from this process of description followed by ex- 
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planation, and emphasised instead the formulation of 

hypotheses and the testing of the data against them. 

If the data fit the theory, the hypothesis was consid- 

ered to be proven (Van der Leeuw, 1976,21). 

Due in part to the difficulties of reconciling 

hypotheses with the archaeological record, the ap- 

proach to artefact studies became more pragmatic in 

the 1970s. One outcome was the increased use of eth- 

nological studies to explain the archaeological evi- 

dence. These studies explored various aspects of pot- 

tery production; Birmingham (1975) for example, 

studied the distribution of vessels from two pottery 

producing centres in the Kathmandu Valley; Halland 

(1978) looked at the link between form and function in 

the pottery of a small village in Western Sudan; and 

Nicklin (1979) discussed the location, relative to 

clay and fuel sources, of two villages in Nigeria. 

By the late 1970s and early 1980s, more use was being 

made of experimental archaeology to try to replicate 

the manufacturing techniques of prehistoric craftsmen, 

including potters. O'Brien (1980) studied various 

methods of firing coarse pottery without a permanent 

kiln; t fartlew (1982) experimented with the use of peat 

as a fuel; and Woods (1982) studied the temperature 

profiles of pit and open firings. 
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Parallel to these developments has been the applica- 

tion of mathematical, physical and chemical analysis, 

and thin section petrology to solve specific problems 

(Peacock, 1970). Using physical techniques such as 

Neutron Activation Analysis (NAA) (eg Perlman and 

Asaro, 1969), X-Ray Fluorescence Analysis (XRF) (eg 

Birgul et al, 1979) or Inductively Coupled Plasma 

Spectrometry (ICPS) (eg Heyworth et al, 1988A, 1988B), 

the elemental composition of materials, such as pot- 

tery and clays, of unknown provenance can be compared 

with similar material of known provenance. The prob- 

ability that two clays derive from the same source is 

calculable in terms of the degree of similarity which 

their elemental compositions exhibit. 

Analytical studies of Scottish hand-thrown ceramics 

have included Neutron Activation analysis of pottery 

from the Western Isles (Topping, 1985, MacSween et al, 

1989) and thin section studies of pottery from the 

Orkneys (Williams, 1979,1982). With thin section 

petrology, mineral composition rather than elemental 

composition is analysed. 

In the last few years, the study of ceramic technol- 

ogy, by means of a 'materials science' approach 

(Bronitsky, 1986) has become more widely used. This 

approach focuses on analysis of the raw materials, the 

properties of the vessels and the reconstruction of 
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techniques of manufacture. Analysis of decoration and 

determination of vessel function are also being incor- 

porated into more studies of pottery assemblages 

(Pritchard and Van der Leeuw, 1984,7). 

It is now generally accepted that the study of pottery 

should be multidimensional. Rather than a 

straightforward catalogue of the material with a sec- 

tion on comparative material, a pottery report should 

encompass as many other aspects - dating, study of lo- 

cal clays, compositional analysis, replication of 

techniques, ethnology and study of manufacture - as 

time and money allow. 

Given the temporal span of the Pool assemblage and the 

quantity of pottery involved, it was considered that a 

morphological/technological approach would suit the 

material best. By studying the technology of pottery 

manufacture and analysing the materials used, and com- 

bining them with typological study, it is possible to 

consider more aspects of pottery production on a site 

than study of the morphology alone allows. 

In pottery studies, the morphological/technological 

approach has often been used in the study of North 

American pottery (eg Steponaitis, 1984), but with the 

exception of Hulthen's work on Scandinavian ceramics 

(1977), it has rarely been applied to assemblages of 
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European prehistoric pottery. 

One of the first assemblages to be analysed using a 

morphological/technological approach was that from 

Deir Alla, Jordon (Franken, 1969). Franken, an ar- 

chaeologist, was assisted by Kalsbeck, a professional 

potter, in a techno-analytical study in which vessel 

shape was related to the raw materials and manufactur- 

ing techniques. They concluded that between the raw 

materials, the techniques of manufacture and the tra- 

dition of potmaking inherited by the potters "there 

exists a continual give-and-take which causes basic 

changes in shape. Therefore a typology should be 

based on this phenomenom, attempting to describe a 

ceramic tradition by tracing this interaction and the 

developments which occurred in the history of the tra- 

dition" (Franken and Kalsbeck, 1975,15). 

Franken (1974) stressed that morphological analysis of 

pottery is subjective if methods of manufacture are 

not considered. By making the data base of a pottery 

assemblage more objective, the study of techniques of 

manufacture can help the specialist to isolate periods 

of continuity and discontinuity within a certain area 

and sequence. 

Recording of technological data is particularly impor- 

tant in dealing with coarse handmade pottery in 

54 



Britain, for two main reasons. Firstly, in most 

cases, we are dealing with undiagnostic body sherds. 

Fabric and method of manufacture, which can be worked 

out from the sherd (see Chapter 5) will assume more 

importance. Secondly, it has been noted that coarse 

pottery did not always follow fashion (Peacock, 1977, 

22), and where similar styles were being produced over 

long periods, any change in fabric or firing techni- 

ques may be vital in defining change. The undecorated 

round-based cooking pot with everted lip, for example, 

was a form manufactured in the west of Scotland from 

the Iron Age to the last century. As Hulthen (1976, 

20) has stated - 

"Pottery as a craft is not a quickly adopted 

technique and even the potters of our times 

need many years of training before they are 

regarded masters. When working they are very 

dependent of the methods which they have once 

learnt. They may be open to modifications of 

their manufacturing methods and the adoption 

of new elements, but basically they are 

obliged to work according to their individual 

technique. " (Hulthen, 1976,120). 

A typology which includes technical aspects has basic 

differences to one based only on morphological des- 

cription (Van As, 1984). Differences in shape, for 

example the degree to which a rim is flattened, may 
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not have been important from a potter's point of view, 

and considered within the day-to-day limits of 

reproduction. However, a specialist classifying from 

a morphological stance may pick up on this slight dif- 

ference in shape. Conversely, vessels of a similar 

shape may have been manufactured in completely dif- 

ferent ways and be products of very different tradi- 

tions. 

Obviously morphological change should not be dis- 

regarded in establishing points of change in a se- 

quence. Whereas the function of a pot will largely 

determine its shape and the materials used, the socio- 

cultural requirements will govern the decoration, 

style and finish of the vessel (Kaiser and Voytek, 

1983,347). As style, materials, shape and method of 

manufacture are interrelated, a study of their com- 

bination is useful in archaeological interpretation 

(Rye, 1976). 

In addition to application of the morphologi- 

cal/typological approach to the complete Pool assem- 

blage, a selection of sherds was analysed in thin sec- 

tion to identify the major fabrics present. In addi- 

tion, XRF and ICPS analysis were carried out on vari- 

ous samples representing different occupation levels 

on the site to determine whether pottery fabrics which 

looked similar in thin section were also chemically 
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similar. 

A clay survey was incorporated into the research de- 

sign to provide a 'standard' against which variations 

in pottery fabrics could be compared. The clays were 

studied macroscopically and microscopically and by 

XRF, and their firing properties tested. Grain size 

analysis of the quartz in both pottery and clay thin 

sections was carried out in an attempt to identify 

which local clay sources were used by the different 

groups living at the site. 

The project was also seen as a study in the problems, 

and possible solutions, of integrating the ar- 

chaeological, technological and analytical data from a 

coarse ware assemblage. 
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SECTION B 

QUESTIONS AND HETHODOLOGY 



CHAPTER 4 

QUESTIONS AND APPROACHES 

After an initial assessment of the pottery from Pool, 

it was possible to formulate questions to address both 

issues relating to the site and the study of coarse 

pottery in general. The assemblage available for 

study comprised 13,000 sherds, 10,000 being Neolithic 

and 3,000 Iron Age. In addition to its size, the as- 

semblage was from a highly stratified, well excavated 

site. The location of the site on-an island meant 

that the clay sources and geology of a defined unit 

could be studied. Given these considerations, it was 

possible to address a wide range of questions, cover- 

ing four main subjects - 

- seriation 

- provenancing 

- interpretation of the site 

- the usefulness of the techniques in the study 

of a coarse ware assemblage. 

Figure 6 summarises the questions and approaches. 
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4.1 Seriation 

The questions on seriation were formulated to allow 

consideration of vessel manufacture and use in addi- 

tion to shape and decoration (see Chapter 3). The aim 

was to consider whether the manufacture and use of the 

certain pottery types was cultural or functional. 

From excavation, three phases of occupation had been 

determined for the Neolithic (Chapter 3) and two main 

types of pottery - with incised decoration and shell 

tempering and with applied decoration and rock temper- 

ing (Grooved Ware) - were observed, along with 

several sherds of Unstan Ware. 

The questions formulated for the Neolithic were: 

- Did the different types represent chronological 

or functional variation? 

- Which Neolithic groups were responsible for the 

production of the pottery? 

- What were the techniques used in the manufacture 

of the pottery? 

- How was the pottery used? 

- What did the Pool sequence add to the 

interpretation of the Neolithic pottery sequence 

for Orkney? 

For the later phases, although most of the pottery ap- 
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peared to be untempered, some of it had grass temper- 

ing, which is usually associated with Norse occupa- 

tion. In addition, a proportion of the pottery was 

burnished. For the later pottery the questions ad- 

dressed were: 

- Was the burnished pottery chronologically or 

functionally distinct? 

- How was the pottery made? Was the burnished and 

unburnished pottery made in the same styles and 

by the same methods of manufacture? 

- Was the grass-tempered pottery indicative of 

Norse occupation? 

- Could the pottery from Pool be used to establish 

a sequence for the Orkneys 

Approach: recording of morphological and typological 

attributes and presence or absence of sooting, and re- 

lation of these attributes to the site's phasing. 

4.2 Provenancing 

The aims of the provenance study were twofold: 

a) determination of raw material sources 

b) consideration of whether the pottery could have 

been locally produced or was imported. 
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Two sets of questions were formulated - 

a) - Could the types of clays found on Sanday be 

related to the sherds? 

- Were the same clay sources and tempering 

materials used by all groups living on the site 

or did they change through time. 

b) - Were the Neolithic pottery types locally 

produced? 

- Could both the burnished and unburnished wares 

have been made on site or was one or both 

imported? 

Methods: clay survey; analysis of clay samples and 

sherds by XRF, ICPS and thin section analysis (identi- 

fication, point counting, grain size analysis); micro- 

scopic examination of the total assemblage. Com- 

parison, by XRF and ICPS, of the Late Iron Age wares 

with similar pottery (burnished and unburnished) from 

other sites in the area. 

4.3 Interpretation of the Site 

The questions formulated to consider the nature of 

change on the site were: 
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- Was change in the Neolithic assemblage 

indicative of evolving or rapid change? 

- Was the site inhabited between the Neolithic 

and Iron Age? 

- What was the nature of the Iron Age/Norse 

interface in terms of pottery production. 

Approach: comparison of the morphological 

/technological change in the pottery sequence with the 

phasing of the site. 

4.4 The usefulness of the techniques used in the 

interpretation of the assemblage 

From the results of the above approaches, an assess- 

ment would be made of the techniques used in the 

study, by consideration of the following questions: 

- Was the morphological/technological approach of 

more use in determining change in a coarse 

pottery assemblage than a consideration of 

typology alone? 

- Did the use of elemental analysis add to the 

interpretation of the sequence? 

- Were there any benefits in using the wider suite 

of elements available with ICPS over XRF? 

- What are the major problems in analysing coarse 

62 



wares by elemental analysis? 

- How useful was thin section identification, 

point-counting and grain-size analysis in 

the provenance studies? 

Methods: Overview of techniques used in the study, 

analysis of small data sets to consider problems of 

analysis in detail. 
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CHAPTER 5 

METHODOLOGY 

5.1 EXCAVATION: RETRIEVAL AND RECORDING 

Although much of the Neolithic pottery was in a 

plastic condition when excavated, it was possible to 

recover many of the sherds, either by on-site conser- 

vation (PVA was used to lift some of the more fragile 

sherds) or by removing the pot along with its sur- 

rounding earth and excavating it in the laboratory. 

Many of the vessels had been squashed flat, but their 

original shape could be established after conserva- 

tion. 

Apart from Phase 1.1 which was sampled in 10cm spits, 

the pottery was attributed to archaeological contexts. 

Within a context, sherds or groups of sherds were 

given individual finds numbers. Where a number of 

sherds were found together, they were recorded under 

one finds number and renumbered after microscopic ex- 

amination, a letter being suffixed to the finds number 

to distinguish sherds from different vessels. 
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Due to financial considerations, the total assemblage 

of Neolithic pottery could not be cleaned, but samples 

were taken from each context to ensure an adequate 

representation. 
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5.2 CLAY SURVEY 

5.2.1 Introduction 

The difficulties inherent in attempting to match pot- 

tery samples to clay sources are well-known (Stimmell 

et al, 1986). Geological processes will alter the 

original sources - minerals will dissolve as long as 

water is moving through the alteration zone (Leopold 

et al, 1964,108), so rocks are continuously eroding 

as are the clay deposits themselves. In addition, 

processing of the clay by the potter, either by adding 

temper or by sieving, can make matching difficult. 

In carrying out the clay survey of the area around 

Pool, the main aim was to sample the various clay 

deposits in the area so that visual comparisons could 

be made with the pottery, and thus to identify the 

most likely types of clay used, rather than the pre- 

cise sources. A second aim was the cataloging of the 

inclusions natural to the clay deposits so that a 

'standard' could be established to aid in deciding 

which fabrics represented natural clay and which had 

deliberate additions of tempering material. 
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5.2.2 Clays: Composition and Properties 

Clay can be defined broadly as "a fine-grained, earthy 

material that develops plasticity when mixed with 

water" (Shepard, 1976,6). Kaolinite (A1103.2SiO2. 

2H20), a hydrated silicate of aluminium, is the main 

component of most clays and is formed through the 

weathering of, usually, feldspathic rocks (Hodges, 

1976,21). Feldspars are made up of alumina (A1203) 

and silica (Si02), combined with alkaline oxides. 

Orthoclase (K10. A1203.6SiOz, ) and albite (Na20. A1z03 

. 6SiOz) are two of the more common feldspars. The 

alkali component of the feldspars, in this case the 

potassium and sodium oxides, are relatively soluble 

and are removed during weathering processes, leaving 

the aluminia and most of the silica, which, over a 

long period, become hydrated (Rhodes, 1975,7). 

Few clay particles are larger than O. Olmm in diameter 

(Hodges, 1976,21), but the plasticity of clay is due 

to its sheet lattice, or plate-like crystals rather 

than its fineness. The particles of even the most 

finely ground non-plastic materials will touch at 

their edges only, whereas clay mineral particles have 

their surfaces in contact (Cardew, 1969,23). When 

water is added to clay, it lubricates the particles, 

allowing them to slide over one another. As the clay 

dries, the particles again come into contact with each 
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other, thus giving clay its dry strength. 

5.2.3 Clay Formation 

The types of clays formed in an area depend not only 

on the geology but also on the local climate, topog- 

raphy and vegetation, all of which determine the 

direction of water movement in the weathering pro- 

cesses. In areas with a high rainfall, the dominant 

movement is downwards and any alkalies present will be 

leached out. 

Clay deposits can be divided into two main groups ac- 

cording to their formation processes. Primary or 

residual clays are found on the site of their parent 

feldspathic rock and are formed by the disintegration 

of the rock, for example by the leaching out of the 

alkalis by the action of groundwater (Rhodes, 1975, 

11). Clays formed in this manner contain minerals 

such as quartz and mica derived from the parent rock 

as their main impurites (Hodges, 1976,23). 

More often, clays are deposited in areas away from the 

site of the parent rock (secondary clays). Often the 

clays are transported by a river, or by the settling 

of lake deposits, leading to the formation of well- 

sorted clays. However, during transportation the clay 
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particles will become mixed with impurities such as 

lime, organics and iron oxide. With the case of river 

deposition, the clay eventually formed may contain 

erosion products from rocks from many localities. 

Thus in general, although secondary clays are better 

sorted than primary clays, they contain more im- 

purities. 

An exception to the well-sorted nature of secondary 

clays is boulder clay, found in areas which have been 

glaciated. Boulder clays have been carried and 

deposited by the ice sheets and comprise a mixture of 

clays and coarse gravel. 

5.2.4 Areas Sampled 

The British Geological Survey (previously the In- 

stitute of Geological Sciences) Drift map of Sanday 

showed two areas of boulder clay which were sampled as 

A and B (Figs 3 and 7). Area A is an area of boulder 

clay 0.3km wide stretching south from a point just to 

the west of Pool across the island to Stoye. Area B, 

the second area of boulder clay noted by the British 

Geological Survey, comprises a narrow strip 0.2km wide 

and tkm long, along the west coast of the island. 

In addition to the boulder clays, samples were taken 
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from the cliff section near the site, where clay 

deposits had been observed (Areas C and D). Samples 

were collected from a number of different environments 

such as ditch cuts and stream beds, and by augering 

down from the ground surface. The samples were not 

taken only from beds of obviously 'good' clay, but in- 

cluded clays which appeared more mudlike than claylike 

- there is a wide range of claylike material from 

which handmade pottery can be fired at low tempera- 

tures. 

Area C was not an area defined as having clays by the 

British Geological Survey, but working on the princi- 

ple that potters would use the clays nearest their 

settlement, it was decided to sample the cliff section 

along the coast to the north of the site where the 

clay-like qualities of degraded bands of siltstones 

and mudstones within the sandstones had been noted. 

1. Area A 

The fourteen samples taken from Area A varied greatly 

in colour, composition and quality. Five samples Al 

to A5 were collected on Lambaness Point. Al was taken 

from the bottom of the cliff section. It was a 

micaceous clay with mixed rock fragments, including 

sandstone. Samples A2, A3 and A4 were taken from be- 

tween 0.3 and 0.7m below the turf, and sample A5 at a 
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depth of 1.5m. The former were fairly plastic when 

wet, but proved more mudlike when dry and cracked on 

firing. A5 had a very high quartz to matrix ratio and 

would not have been suitable for potting unless mixed 

with another clay (it was very brittle on firing). 

Further to the south, samples A6 and A10 were similar 

to samples A2, A3 and A4, having a mudlike con- 

sistency. A12 had a high quartz content and, like 

sample AS, would have been unsuitable for potting. 

A13 and A14, samples taken from 0.5 and 0.7m below the 

turf, were clays which, although sandy, could probably 

have been used in pottery manufacture. A7, A8, A9 and 

All fired well, and from microscopic inspection were 

found to be similar to some of the pottery matrices. 

The fact that samples of clay suitable for potting and 

mudlike clays were recovered from the same points (eg 

A10 and All), illustrates the patchy nature of the 

boulder clay deposits. 

2. Area B 

Samples were augered from various points throughout 

Area B between the 5m and 30m contours. Where three 

samples were taken at the same point but at varying 

depths (B3, B4 and B5) the quality of the clay varied 

from a quartz clay with sandstone inclusions and a 

crumbly texture which held together when fired (B3), 
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to a lighter coloured clay (B4) with very few inclu- 

sions and a more clay-like texture, while B5 (the 

sample form the deepest point) was similar to B4. 

The samples were consistent with what would be ex- 

pected from an area of boulder clay, that is, patches 

of fine clays mixed with patches of more poorly sorted 

clays. Most of the samples contained gravel inclu- 

sions, often of a sandstone type. 

3. Area C 

The primary clays in this area were very fine in tex- 

ture, some having little quartz or mica visible micro- 

scopically. Very few of the samples had rock inclu- 

sions. The only sample with a high proportion (90%) 

of quartz sand was C8. This sample was taken where 

the band of clay was much thinner, and it probably 

contained some degraded sandstone. 

The clays varied greatly in their colour and in their 

depth from the cliff top. The first section sampled 

was 400m from the site. The section comprised, from 

top down: 

- yellow sandstone/siltstone 

- red clay 

- red sandstone/siltstone 

- beach 
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The red clay (degraded red siltstone) was sampled at 

this point (Cl), and also 20m nearer the site (C2). 

30m nearer the site, the section had changed. From 

top downwards it comprised: 

- yellow sandstone/siltstone 

- green clay (degraded yellow 

sandstone/siltstone) 

- red clay (degraded red 

sandstone/siltstone) 

- red sandstone/siltstone 

- beach 

C3 was a sample of the green clay from this section, 

and sample C4 was from the red clay. Microscopic 

analysis revealed that C3 had some quartz sand and 

mica inclusions, but C4 had virtually no inclusions. 

Both samples fired well. 

A further 30m along the shore towards the site there 

was a band of clay of mixed colours sandwiched between 

yellow sandstone at the top of the section and white 

flags at the bottom. The samples (C5, C6 or C7) had 

little quartz sand or mica and all fired well. 

50m from this section the stratigraphy had not changed 

but the same clay band had become thinner and a sample 
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(C8) revealed that it had a substantial quartz sand 

content. The final sample in Area C (C9) was taken 

50m from the site and was a sample of yellow clay from 

the bottom of the section. 

Sampling of Area C was carried out with a view to 

determining the compositional variations which would 

occur within a limited area having primary clays all 

derived from siltstones and mudstones. 

4. Area D 

A sample was taken from the cliff section at Braes- 

wick, from the red clay which underlies the ar- 

chaeological section. This clay was very similar to 

sample Al from the cliff section at Lambaness. 

5. Eday 

Four samples were taken from Eday to compare with the 

samples from Sanday. The Eday samples contained 

quartz sand but virtually no mica. 

The clay samples were made into small blocks, dried 

overnight, and fired for two hours at 250°C. The main 

purpose of this was to dry the clays out in order that 

they could be powdered for sampling, but through this 

process an indication of the firing potential of the 
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clays was also obtained, some mudlike samples tending 

to crack on the surface when fired. Obviously, clays 

cracking at such low temperatures would have been 

avoided for pottery making. 
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5.3 POTTERY TECHNOLOGY: DETERMINATION OF 

MANUFACTURING TECHNIQUES 

5.3.1 Introduction 

A morphological typology of the pottery from a site or 

geographical area, while at best answering chronologi- 

cal questions, leaves a large informational resource 

untouched (see Chapter 3). A 'technological typol- 

ogy', that is a standard typology with technological 

data such as forming methods, firing conditions and 

decorative technique superimposed, is much more useful 

in explaining why certain changes occurred in an as- 

semblage. 

In any comparative study, the technological attributes 

recorded will be influenced by the type of pottery un- 

der consideration. For example, in dealing with 

Medieval pottery, glazes and surface finish will as- 

sume as much importance as fabrics in defining pottery 

types. With handmade prehistoric pottery, however, 

data on forming methods and firing will be of more use 

in interpreting an assemblage. 

Much of what is known about the manufacture of hand- 

thrown vessels has been gathered from ethnological 
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studies, such as Balfet's research in North Africa 

(Balfet, 1965), or from historical accounts, such as 

those dealing with pottery production in the outer 

Hebrides of Scotland (Mitchells, 1880). These, along 

with accounts of contemporary potters, indicate that 

the manufacture of hand-thrown pottery is a complex 

process. 

The successful determination of forming, secondary 

forming, finishing and firing methods from excavated 

pottery depends on the sherd sizes and the condition 

of the excavated material. Where pottery has, for ex- 

ample, been badly crushed, abraded or burnt, many of 

the characteristics of manufacturing methods may be 

obliterated. 

The following description of the main stages in the 

production of a pottery vessel - preparing the clay 

body, forming the vessel, secondary forming, surface 

finish and firing - is restricted to the manufacture 

of hand-thrown, low-fired earthenware vessels of the 

type found at Pool. Comments are also made on the ex- 

tent to which these processes can be determined by ex- 

amination of an excavated sherd or vessel. 
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5.3.2 The Clay Body 

There are two components of a prepared clay - the clay 

itself, and any added aplastic material, the 'temper'. 

Together they are known as the 'clay body' (Hodges, 

1976,19). 

a) The Clay 

The preparation which a clay undergoes before potting 

will depend on whether the clay is well sorted or con- 

tains natural inclusions of different sizes, and 

whether it is in a plastic, or relatively solid state. 

If a clay contains many lumps, it may be left to 

'age'. Ageing is a physical action involving the pen- 

etration of water between the clay particles which 

compress under their own weight (Hamer and Hamer, 

1977,31). The clay is spread on the ground and left 

exposed to the elements for a time, to break it down. 

'weathering', which usually involves frost action, is 

a longer process. In Jutland, potters working in the 

1930s dug their clay in the autumn, covered it with 

turves and left it over the winter. Frost action 

freed the small greasy lumps ('tinter') which could 

not be softened, and which were removed during the 

kneading process. On the evening before pottery was 

to be made, water was thrown on a section of the clay 
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to soften it for kneading (Steensberg, 1939,117). 

A further treatment is 'souring' which involves bac- 

terial action, to reduce the oxide content of the 

clay. Animal dung can be used in souring (London, 

1981,193). Ageing a clay gives it increased 

plasticity whereas souring improves its strength. If 

a clay is both aged and soured, its full potential is 

reached (Hamer and Hamer, 1977,32). 

Sometimes two clays are mixed to complement each 

other. A clay with good plasticity but high shrinkage 

and poor firing qualities can be mixed with a clay 

which is less plastic but has low shrinkage and fires 

well (Rye, 1981,31). 

The colour of raw clays is due mainly to organics and 

iron compounds (Shepard, 1976,16). Organics, depend- 

ing on their amount, will produce clays in the grey to 

black colour range. Clays containing iron compounds 

in their highest state of oxidation, such as hematite 

and the hydrated forms of ferric oxide, goethite and 

limonite, are usually red, brown, buff or yellow, 

whereas clays containing iron compounds in which the 

iron is not fully oxidised (magnetite, pyrite, 

siderite, etc) are usually grey (Shepard, 1976,16). 

The effect of an iron compound on the colour of a 
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fired clay will depend on its grain size and distribu- 

tion, as well as on its composition and amount. Some- 

times, however, when a clay is fired, carbonaceous 

matter will mask the iron compounds. Alternatively, 

if a clay containing iron compounds is in the grey to 

black colour range because of its organics composi- 

tion, it could fire to cream, red/brown or white under 

fully oxidising conditions when the masking car- 

bonaceous matter is burnt out. The colour given to 

the pottery by iron oxides is sometimes altered by 

other constituents of the clay. For example, lime 

will lighten the colour of clay containing ferric 

oxide (Shepard, 1976,20). 

The colour of a sherd cannot always be taken as a 

reliable guide to the colour range of the original 

clay, but a general rule is that white pottery can not 

have been made from a coloured clay, while coloured 

pottery can not be obtained from a white clay. Buffs 

are not obtained from darker-coloured clays, and grey 

or black pottery may owe its colour to carbonaceous 

matter (Shepard, 1976,17). 

Post-firing colour change can result from use or 

secondary burning. For example, a cooking vessel will 

be subjected to repeated heating and the effects of 

carbon, while storage vessels may absorb stains from 

whatever they contained. During burial, sherd colour 
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can be further affected by leaching and staining due 

to the soil conditions. Different coloured sherds may 

belong to the same vessel, for example, in a pot fired 

in an open fire, some areas of its surface may be ex- 

posed to oxygen, whereas other areas are in an essen- 

tially reducing atmosphere (Van As, 1984,135). 

Thorneycroft (1933) tested some handmade pottery for 

change in surface colour during use. A crucible, yel- 

lowish grey on the outside and buff red inside, was 

filled with beef dripping, placed on a wire gauze and 

heated with a bunsen flame until the crucible appeared 

to be empty. The vessel was found to be black on its 

bottom surface, its exterior was a dirty buff red and 

the interior surface was black. 

Although it is difficult to determine the exact source 

of clay used, it is often possible, by microscopic and 

thin section analysis, to establish whether the clay 

could have been obtained locally and whether it was 

likely to have been primary or secondary in origin. 

b) The Temper 

Any material which is deliberately added to a clay is 

known as 'temper'. Other terms used are 'aplastics', 

'opening materials', 'fillers' and 'backing'. The 

term 'inclusions' may be preferable to 'temper' when 
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describing the fabric of a sherd, because with coarse 

clays, obtaining the right consistency could have in- 

volved the removal rather than the addition of inclu- 

sions. 

This process was witnessed by Hitchells (1880,26) 

during a visit to the island of Lewis in 1863 - 

"The clay she used underwent no careful or special 

preparation. She chose the best she could get and 

picked out of it the larger stones, leaving the sand 

and the finer gravel which it contained". 

Temper is added for various reasons. If a clay is 

felt to be too plastic, some aplastic material such as 

sand may be added to make the clay more workable and 

to lessen shrinkage in the vessel during drying and 

firing, which could cause it to crack (Cheetham, 1982, 

3). Water surrounds the fine particles of a clay, and 

as a vessel dries, the water at its surface evaporates 

first. As the spaces between the clay particles of a 

very plastic clay are so small, the evaporation pro- 

cess will be lengthy, and stresses may be set up 

within the wall of the vessel as the outer zone 

shrinks on drying (Shepard, 1976,25). It is possible 

for up to 10% shrinkage to occur on air drying 

(Hodges, 1976,21). 

By adding a coarser, non-plastic temper, the texture 
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of a clay will become more open, and evaporation will 

be quicker, lessening the tendency of the vessel to 

crack (Cheetham, 1982,3). In addition to shrinkage 

on air drying, there is further shrinkage during 

firing. Temper addition helps to minimise shrinkage 

at this stage. 

The amount of temper which must be added to reduce 

shrinkage on drying and firing varies greatly from one 

clay to another. Some clays have a lot of natural 

aplastic inclusions or decayed organic matter which 

will act like temper, and may dry easily without the 

addition of further material. To have an effect on 

the properties of a vessel, non-plastic inclusions 

should usually comprise between 20% and 50% of the 

clay body - inclusions comprising less than about 10% 

have little effect (Rye, 1981,39). 

Quartz sand is a natural constituent of many clays. 

It has been suggested (Rye, 1981) that quartz will 

weaken a pot due to its expansion when heated to high 

temperatures, and that quartz rich fabrics are not 

suitable for cooking vessels. However, Woods (1986) 

has suggested that this fact may be over-stressed. 

She noted that in Britain the raw materials would 

probably have been chosen according to their proximity 

to a site (the majority of these would have a high 

quartz content), and that there is little evidence of 
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potters gathering materials specially. The first aim 

of a potter is to get a vessel successfully through 

the firing stage and a coarse fabric is usually best 

for this. Woods suggested that if a vessel survives 

the firing stage, it should be suitable for cooking on 

an open fire in temperatures of 300 to 500°C (Woods, 

1984,30). 

In producing a range-of fabric types suited to these 

various requirements, there are several options. Dif- 

ferent raw materials and firing can be used to produce 

each type of pottery; the materials best suited to the 

most common function can be used for all vessels; or a 

compromise mixture can be chosen (Rye, 1981,26). The 

second alternative was probably most common among tra- 

ditional potters. 

In deciding on the final mixture of clay and temper, 

the potter must consider the whole potting process. 

For example, if a clay body is very plastic, it will 

be more affected by a sudden drop or rise in tempera- 

ture than a lean clay. However, a lean clay dries out 

quickly and is difficult to work (Kalsbeek, 1969,75). 

Choices like this may depend on other factors such as 

the length of time which a potter envisages the form- 

ing process taking, or the reliability of his kiln. 

Various materials including crushed rock, sand, 
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crushed pottery (grog), shell and seeds are suitable 

for use as temper. The choice of temper will depend 

on the type of clay, the firing temperatures and the 

desired texture of the finished vessel. In general, 

the size of inclusions should vary with the thickness 

of a vessel wall - inclusions larger than the thick- 

ness of the wall will weaken the vessel (Rye, 1981, 

27). 

It is important that the chosen temper does not un- 

dergo a change during firing which will weaken the 

vessel. For example, when shells are used as temper, 

the firing temperature has to be below 800°C as higher 

temperatures cause the calcite to decompose, resulting 

in 'lime spalling'. An alternative to firing at lower 

temperatures is to preheat the shells (this also makes 

them easier to crush) prior to their use as temper 

(Steponaitis, 1984,83). A further way to avoid the 

alteration of shell is to add salt water to the clay. 

This mitigates the decomposition of calcite during 

firing by raising the firing temperature at which cal- 

cite decomposes (Arnold, 1985,28). 

The choice of a temper may change depending on the en- 

visaged function of a vessel. A cooking vessel, for 

example, should have aplastic inclusions resistant to 

thermal shock to enable it to withstand repeated heat- 

ing and cooling. 'Grog' (chamote, or crushed pot) 
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from similar clay makes a good temper, as it will have 

similar thermal characteristics and, in the fired ves- 

sel, will expand at the same rate as the clay matrix 

(Arnold, 1985,24). 

Clay and temper can be combined either by sprinkling 

the temper onto the clay and kneading them together, 

or by converting the clay to a slip (a suspension of 

around 50% water), stirring in the temper, and then 

leaving the mixture to dry into a plastic condition 

(Rye, 1981,19) . 

It is sometimes difficult to distinguish temper from 

the accessory minerals of a clay. Sedimentary clays, 

for example, often contain a mixture of such minerals 

as quartz, feldspars and micas, while primary clays 

contain detrital grains of the stable minerals of the 

parent rock. 

The shape of the inclusions can sometimes provide an 

indication of whether they were deliberately added. 

The presence of sharp fragments of one type of rock, 

for example, suggest crushing and deliberate addition. 

Certain inclusions such as grog, chaff and grass, can 

generally be assumed to have been deliberately added 

by the potter. With more common inclusions, such as 

quartz sand, deliberate addition is almost impossible 

to determine. 
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Organic tempering can increase a vessel's resistance 

to thermal shock - if a crack develops in a vessel it 

will stop when it reaches a void. However, 

permeability will increase, and when too much organic 

tempering is used it can make a pot weak and brittle 

(Franken, 1974,183). Woods (1984,33) has suggested 

that it is a misconception that porous pottery can 

stand repeated firing or long-term storage of liquids. 

Voids or impressions are usually the only manifesta- 

tion of added organics in a fired vessel. The exis- 

tence of voids does not, however, always imply the ad- 

dition of organics. voids can also be caused by air 

being trapped through insufficient kneading of the 

clay. These kneading voids can be distinguished from 

voids resulting from burnt-out organics by their 

shape. 

5.3.3 Forming 

Before beginning the construction of a vessel, the 

clay body must be kneaded and wedged for a consider- 

able time to improve its workability and to ensure 

that trapped pockets of air are eliminated (Rye, 1981, 

20). 
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The extent to which forming techniques can be 

determined depends largely on how thorough the finish- 

ing techniques were. Often the best place to look for 

traces of forming techniques is on the interior sur- 

face of a vessel or sherd, particularly narrow-necked 

vessels, where it would have been more difficult, or 

unnecessary, to smooth or burnish the surface (Rye, 

1981,58). Sometimes the type of junction will be 

more obvious from examination of a thin section of a 

sherd. 

a) Pinch Pots, or Thumb Pots 

'Pinching' is the technique most likely to have been 

used in making small pots and crucibles. A piece of 

clay is rolled into a small ball. The potter inserts 

his thumb into the centre of the ball, and by turning 

the ball and pinching it between his fingers and 

thumb, the walls becomes thinner. This process is 

repeated until the required thickness is reached. The 

size of pot that can be produced in this way is 

limited by the length of the potter's fingers (Hodges, 

1976,26), but bowls up to the size and shape of a 

half coconut (Leach, 1940) can be produced. No cut- 

ting or scraping is involved. 

The pinching method is sometimes indicated by varia- 

tions in wall thickness, with finger-tip sized in- 
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dentations over the sides. 

b) Larqer Modelled Pots 

Continuing the principle of thumb pots, fairly large 

vessels can be made by 'drawing' from a solid lump of 

clay. A hollow is made in the middle of a large lump 

of clay with the fist, then the walls are formed by 

pulling up the sides. 

An indication of the drawing of larger modelled pots 

is the flow pattern of the inclusions, especially if 

organics were added as temper. Organics will assume a 

vertical orientation when the walls are drawn, and 

after firing the orientation of the remaining voids 

will suggest the direction of drawing (Hodges, 1965, 

119). 

Sometimes it is just the base of a vessel which is 

modelled. Franken (1974) described the sequence of 

manufacture established for the Neolithic pottery from 

Jericho. First a flat base was shaped, then a kneaded 

piece of clay was attached to it and the wall was then 

built up from flat clay strips. A flint scraper was 

used to make the walls even in thickness. 
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c) Moulding 

Simple round-based open bowls can be made by moulding. 

A pot is pushed into a pile of sandy clay, and an im- 

pression left. Clay is then rolled out and pressed 

into the mould (Langmaid, 1978). 

Straight sided or angled wide-necked pots are the only 

shapes suitable for moulding, although for other 

styles such as globular vessels, the method can be 

used to form the base. An alternative to using an im- 

pression in sand is to use the base of an old pot as 

the mould (Scott, 1954), with the clay being applied 

either to its inside or outside. It is more practical 

to mould the new base in the interior of the old pot, 

because the porous sherd will take up the water from 

the wet clay, causing the new pot to shrink and come 

away from the mould. If the clay is too soft, a part- 

ing agent such as ash or sand can be dusted over the 

mould to prevent sticking. Once the base has been 

made, the pot walls can be built up by some other 

technique such as coiling. The main advantage of 

using a mould is that thinner walls can be achieved 

than by modelling - the mould supports the walls until 

they firm up. 

If a vessel is moulded, it will take up the impression 

of the mould either on the outside or the inside, but 
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these traces will often be smoothed over when the pot 

is finished. 

d) Slab-buildin 

To make a slab-built pot, the clay is rolled out into 

a sheet of the desired thickness (Hodges, 1976,27). 

Shapes are then cut to form the walls and base of the 

vessel, for example, a straight-sided vessel would re- 

quire a circle for the base and a rectangle for the 

walls. One edge of the rectangle is attached to the 

base and its ends joined in a seam. Slabbing is well- 

suited for the production of cylindrical vessels and 

is a quick way of producing large vessels (Rye, 1981, 

71). 

Slab-built vessels tend to have a smooth, featureless 

surface texture resulting from being rolled out. 

Sometimes an extra piece of clay will have been added 

to smooth and strengthen the joins. Occasionally 

fracture occurs along the junctions. 

e) Coil-building and Ring-building 

In coil-construction, a number of clay 'ropes' are 

rolled out. The vessel base is made either by model- 

ling a lump of clay or by making one of the ropes into 

a spiral and smoothing over the joins. Building of 
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the walls begins by winding the rope around the cir- 

cumference of the base for one turn. The join is then 

smoothed, sometimes with a curved piece of bone or 

wood, known as a 'rib' (Hodges, 1976,27), and the 

rope is then wound round again. This process con- 

tinues until the walls reach the desired height. If a 

straight-sided vessel is being constructed, each turn 

of the rope will follow directly above the preceding 

turn. Alternatively, the diameter of the pot can be 

widened or narrowed by gradually overlapping succes- 

sive turns. 

A variation of the coiling technique was observed in 

Vume, Ghana (Cardew, 1969,89), where the vessels were 

constructed in two halves. A thick ring of clay was 

laid on the ground, and pulled upwards. Coils were 

then added, the circumference of each successive coil 

decreasing. This process was continued until the gap 

was the right diameter for the mouth of the pot, and 

the shoulder and rim were then formed. The half pot 

was left to firm up, before being turned over and 

stood on its rim. Building of the bottom half was 

then carried out in a similar way, the only difference 

being that coils were added until the gap was com- 

pletely closed. 

Ring building is very similar to coil building, but 

instead of working with a continuous coil, complete 
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rings are placed one on top of the other. 

The advantages of coil- and ring-building are that 

uniformity of wall thickness can be ensured from the 

beginning of the process, and that a rougher clay can 

be used than in modelling, where more stretching and 

pulling of the clay body is involved (Shepard, 1976, 

59). The main disadvantage is that the junctions are 

potential sources of weakness if not properly sealed. 

If a pot has been coil- or ring-built, individual 

coils can sometimes be felt as ridges and grooves on 

the sherd. In other cases the breakage pattern can 

indicate the manufacturing technique. Hodges (1965, 

119) has stressed that coils will usually split along 

their junctions only if the working conditions were 

dirty. For example, if a coil was rolled out on a 

dust-covered surface, poor adhesion would result, and 

the join would be distinct. 

Where a coil has split along its junction, the type of 

join used can sometimes be determined. There are 

three main types (Fig 8): 

- the H-type where each coil is fixed to the 

subadjacent coil (the one below) with finger 

-pressed taps. 

- the U-type where the coil joints are flat 

without finger impressed taps, and are fixed 
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by flattening the outer and inner wall surface 

through beating. 

- the N-type where the junctions between coils 

are diagonal (Hulthen, 1977,35). 

Although ridge and grooving has been mentioned as an 

indication of coil-building, these characteristics can 

also be produced by bringing up the sides of a pot too 

quickly during wheel-throwing, but the two processes 

can be distinguished by the fine rilling which charac- 

terises the latter. 

f) Use of a Tournette 

It is difficult to distinguish between vessels made on 

a tournette and those made on a wheel. The essential 

structural distinction between a tournette and a wheel 

is that the tournette is a single entity whereas the 

wheel is made up of a fly wheel and a wheel-head 

(Hodges (1976,28)). 

The main distinction between 'thrown' vessels and 

'turned vessels' is that 'throwing' requires a wheel 

which gains momentum when set in motion and continues 

turning for some time after one stops kicking it, 

whereas 'turning' is carried out on a base, not neces- 

sarily a wheel, which is rotated by hand and which 

only turns as long as it is pushed (Franken, 1974, 
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46) . 

5.3.4 Secondary Formin 

Secondary forming refers to modifications made after a 

vessel's overall size and shape have been determined; 

the techniques include beating, scraping and trimming. 

Many of the secondary forming techniques are carried 

out when a vessel is in the 'leather hard' state, that 

is, when it can be worked with a hard tool without 

deformation. 

One technique used to thin, compact 

sel is 'beating', often done with a 

vil'. The anvil is often a rounded 

held inside the vessel while the ou 

with a paddle, usually a flat piece 

the point where the anvil is held. 

and smooth a ves- 

'paddle' and 'an- 

pebble which is 

ter wall is beaten 

of wood, opposite 

If the outside of a pot was beaten in order to smooth 

it, a series of facets will be left on the surface, 

from the paddle, and anvil markings will appear on the 

interior. Compaction of the clay can cause star- 

shaped cracks to form around any larger inclusions on 

firing. 

Scraping is used to even out irregularities in the 
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walls by removing rather than compacting the excess 

clay. Scraping causes grit drag-marks in vessels with 

rougher fabrics, and sometimes the impression of the 

scraping tool can be made out. 'Trimming' is used to 

describe the removal of excess clay along an edge, a 

rim for example, rather than over the surface or a 

vessel. 

5.3.5 Surface Finishin 

Surface finishing techniques including burnishing and 

impressing to modify the surface of a vessel by chang- 

ing its texture or by adding decoration, rather than 

changing its shape. Rye (1981,62) distinguishes be- 

tween surface finishing techniques which involve only 

the material from which a vessel is made, and decora- 

tive techniques which require slips, pigments or 

organic coatings, but this distinction is not made 

here. 

a) Smoothing 

Smoothing, also called 'wet hand finish' (Hodges, 

1965,120), is carried out when a vessel has dried 

slightly, but has not reached the 'leather hard' 

stage. The vessel is worked over with wet hands, 

drawing the finer clay particles to the surface. This 
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technique does not involve compacting the surface 

(Steponitis, 1983,23). 

Where a vessel surface has been smoothed, no line of 

distinction will be obvious macroscopically. If, how- 

ever, the pot is viewed in thin section, the surface 

will show one of two effects. In low-fired pottery, 

the surface will appear highly luminous, whereas in 

vessels fired at around 850 C, the crystalline struc- 

tures of the clay minerals will have broken down, and 

the surface of the vessel will appear distinct from 

the body and will be isotropic in polarised light 

(Hodges, 1965,120). 

b) Slipping 

Slipping is usually carried out when a vessel is com- 

pletely dry. Slip can be applied by wiping at this 

stage - the slip hardens quickly as the moisture is 

absorbed by the dry vessel (Rye, 1981,24). If a slip 

is applied during the leather hard stage, it will tend 

to slide over the surface of the vessel. A clay slip 

can be of the same clay or of a different clay to the 

vessel. Colouring material is sometimes added to the 

slip. 

Slipping can improve the appearance of a vessel by 

changing its surface colour, but it can also have a 
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functional purpose. It renders a pot less porous, the 

pores being filled with finer material, and is often 

used when the temper in a paste is coarse but a smooth 

outer finish is required (Shepard, 1976,191). 

When a coloured slip or paint has been applied to the 

surface of a vessel, a line of distinction would be 

expected between the vessel and the applied coating. 

However, with pots slipped in the same clay as the 

vessel, or in a similarly coloured clay of a different 

texture, there may be no line of distinction between 

the slip and the vessel body, and microscopic examina- 

tion of sections is often required (Hodges, 1965, 

120). 

A slip must be distinguished from salts deposited on 

the surface of a vessel as it dries. These salts can 

be natural constituents of the clay or can come from 

water, especially seawater, in the clay body. If a 

pot is not given a final scraping before firing, the 

salts will fuse to its surface. Where scraping has 

been carried out, colour variation can be seen between 

the scraped and the non-scraped parts of the vessel 

(Franken, 1974,45). Another way to identify the 

presence of a salt layer is from the cross-section of 

the vessel wall. Salts will crystallize near the sur- 

face and volatise during firing. Cubic voids with a 

yellowish rim are the result. 
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Another deposit which can be confused with the 

presence of a slip is lime, which has a dulling effect 

on the surface of a vessel. During deposition, lime 

from the surrounding soil can be deposited by ground 

water. Lime deposit can be distinguished from surface 

finish by the fact that it will be deposited over the 

breaks as well as the surfaces of a sherd (Franken, 

1974,45-6). 

If a vessel is fired in a reducing atmosphere and then 

removed from the fire to cool, its surface will 

oxidise and a thin coloured layer will form. This 

oxidation layer can also be misidentified as a slip, 

especially in fine-pored vessels where it may only be 

lmm thick. With coarse-pored vessels, the layer will 

be thicker, but again the margin will be sharp (Rye, 

1981,117). 

A further misleading colour change can be caused by 

polishing. As the clay is compacted during polishing, 

the dense surface will generally become darker, and 

may lead to the wrong identification of a coating. 

c) Burnishing and Polishing 

Burnishing, that is, rubbing the surface of a vessel 

with an implement such as a water-worn pebble or a 
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piece of leather, is carried out in the leather hard 

stage, often after a vessel has been slipped and dried 

(Scott, 1954,381). Burnishing makes the surface of a 

pot less porous. Although it will never make the pot 

completely impermeable, solids in milk, oil, etc., 

will fill up the remaining tiny pores further during 

use. 

Permeability is a measure of the rate at which liquids 

pass through the wall of a pot, whereas porosity is a 

measure of the volume of pore space in a vessel. A 

pot can have high porosity but low permeability if the 

pores are not connected. Sealing the surface of a 

vessel has a slight effect on the porosity, but a 

large effect on the permeability (Rye, 1981,26). 

As well as having a utilitarian function, burnishing 

improves the look and feel of a vessel. Colouring mat- 

ter such as limonite can be applied dry and burnished 

into the surface of the vessel (Hodges, 1965,120). 

Soot is sometimes added at the burnishing stage to im- 

prove the heat absorption properties of light coloured 

vessels. 

Sometimes pottery can be burnished so highly that a 

polish is formed. The polished surface is sometimes 

finished by rubbing it with a greasy cloth (Bunzel, 

1929,12). Occasionally the term 'polishing' is used 
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to describe the burnishing of a fired vessel (Hodges, 

1976,32). 

Generally, when a vessel has been smoothed rather than 

burnished, the resulting surface is matte rather than 

shiny. However, the absence of a sheen does not al- 

ways mean that a pot was not burnished (Franken, 1974, 

51). Impressions from the burnishing tool, and also 

the feel of the compacted surface of a burnished ves- 

sel can help to determine if burnishing was carried 

out. 

d) Glazing 

In the prehistoric pottery of the period and area of 

the present study, there is no evidence for glazing, 

although traces of resins, which may have been used as 

sealants, have sometimes been noted in other assem- 

blages (Rye, 1981,26). However, references to the 

manufacture of Barvas Ware in the Hebrides record that 

milk was used to glaze the vessels and render them 

less porous. Warm milk was either poured over the 

newly fired vessel (Curwen, 1938), or put into it and 

boiled to produce a coating (Goodrich-Freer, 1902). 

Steensberg (1940) noted that handmade pots in Jutland 

were made less porous by covering them with a dressing 

of greasy clay and smoking them. If after this a ves- 

sel was not quite water-tight it was boiled in skimmed 
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milk. 

Smudging is a simple method of depositing a black film 

of carbon on the surface of a vessel. A pot can be 

smudged before, during or after firing, by placing it 

over a smouldering fire burning with a sooty flame 

(Steponaitis, 1983,26). 

e) Decorating 

Decoration can be added in various ways, notably by 

incision (cutting the decoration into the surface of a 

vessel with a pointed implement) or impression (push- 

ing an object such as a shell into the damp surface of 

a vessel), or it can be applied (sticking small coils 

or strips of clay onto the surface of a vessel before 

firing) (Langmaid, 1978,12). 

With incised decoration it is often difficult or im- 

possible to say whether the tool producing the decora- 

tion was bone, wood or metal. However, it is usually 

possible to say if the tool was single or multiple 

pointed, toothed or flat-surfaced. The stage at which 

the decoration was carried out can also be suggested. 

For example, a sharp-pointed tool used on plastic clay 

will leave a deep cut with raised margins, whereas on 

dry clay it will produce a shallow groove with ir- 

regular edges (Rye, 1981,66). 'Engraving' is incised 
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decoration carried out when a vessel is very dry prior 

to firing, or after firing. The lines are relatively 

narrow and often exhibit chipping along the margins 

and in the trough (Steponaitis, 1983,29). 

5.3.6 Drying and Firing 

A newly formed vessel is described as being in the 

'green state'. It is robust enough to be handled, but 

is left to dry out before firing, a process which can 

take several days (Martlew, 1982,31). If a vessel is 

not dried out properly, steam will form in its walls 

during firing and it will explode in the kiln (Hodges, 

1976,23). 

As vessels dry out prior to firing, they will often 

crack on the surface. It is important to distinguish 

between drying cracks and firing/post-firing cracks. 

(Vessels which have serious cracks after the drying 

stage are usually discarded). The edges of drying 

cracks are irregular and frayed due to their slow de- 

velopment whereas firing cracks are more regular and 

sharp-edged. Drying cracks are usually found on the 

base of a vessel and where two pieces of clay have 

been joined. 

The main changes which occur during the firing of a 
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vessel are dehydration, oxidation, sintering and 

vitrification. These stages overlap - oxidation will 

begin before dehydration is complete and vitrification 

may begin before oxidation is complete (Shepard, 1976, 

20). 

During dehydration of the clay minerals, plasticity is 

lost and porosity increases. Between 200 and 350°C 

any organic material present decomposes. Oxidation 

affects the impurities in the clay, especially the 

carbon and iron compounds, the oxidation rate varying 

depending on the compound. The complete destruction 

of clay mineral crystals and the loss of 'bound water' 

occurs at temperatures between around 400 and 850°C 

(Rye, 1981,106). Vitrification, the process by which 

the silicate minerals and oxides fuse together, does 

not usually occur noticeably below around 900 C, 

temperatures generally too high for open-fired pot- 

tery. 

During firing, the potter controls the rate of heat- 

ing, the temperature and the firing atmosphere, ensur- 

ing that the vessels are given enough time above the 

critical temperature for sintering to be completed. 

If the vessels are overfired, or fired too quickly, 

they will usually be damaged in some way, resulting in 

the production of a 'waster'. 

104 



If a vessel has a fine slip, the size of the pores 

through which steam escapes are reduced, and heating 

has to be slower than for similar unslipped vessels. 

Thick-walled vessels must be heated more slowly than 

thin-walled ones, as the water takes longer to escape 

from them. If heating has been too rapid, spalling 

will result if there are large inclusions in the fab- 

ric. Lenses of the outer surface will flake off, and 

sometimes cracks will extend through the wall (Rye, 

1981,106). An overfired vessel will warp. 

During the clay mineral decomposition stage (400°C to 

850°C), sufficient time must be allowed for sintering 

to be completed. If this time is not allowed, . 

rehydration of the clay minerals will occur. The com- 

mon indication that rehydration has occurred is 'fire- 

cracking', a series of fine cracks, often hexagonal, 

over the surface of a vessel. If fire-cracking is 

severe, the vessel can shatter into pieces (Rye, 1981, 

106). 

If a vessel is cooled too quickly, its rim will be put 

under tension and a 'dunting crack' could form, wider 

at the rim than at its lower end. Another form of 

dunting cracks is concentric fractures around the ves- 

sel, joined by vertical fractures. 

The rate of heating is difficult to control without 
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the use of a kiln. Choosing certain fuels can help 

vary the rate. For example, grass and twigs burn 

quickly and their addition causes a rapid temperature 

rise (Rye, 1981,25). 

The firing atmosphere can be controlled to a certain 

extent. An atmosphere is oxidising when the amount of 

oxygen present exceeds that needed for the combustion 

of the fuel. In a reducing atmosphere there is not 

enough oxygen to combust the fuel, and carbon monoxide 

is formed. It is difficult in practice to sustain a 

reducing atmosphere by cutting off the oxygen supply, 

and usually it would be necessary to burn, for exam- 

ple, green wood along with the pots (Gardner, 1978). 

The firing conditions can sometimes be extrapolated 

from the colour of a sherd. When a firing atmosphere 

is reducing, ferric oxide is reduced to ferro-ferric 

oxide, colouring the clay grey. An oxidising atmo- 

sphere will remove any organic material present, con- 

verting it to carbon dioxide. Uniform yellow, brown 

and red colours throughout a cross-section of the wall 

of a vessel are indicative of full oxidation. The 

final colour is caused primarily by ferric oxide; for 

example, yellow or brown limonite is converted to red 

ferric oxide at low temperatures, due to water loss 

(Shepard, 1976,104). 
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Incomplete oxidation occurs when the draft in a fire 

is insufficient, the temperatures are low or the 

firing time is too short for complete oxidation. In 

these cases the core of a vessel wall will remain dark 

grey, due to unburnt organics, while the surfaces will 

be coloured, indicating that some of the carbon has 

burned from the surface but the firing conditions have 

not enabled the carbon to be burned from the interior 

(Shepard, 1976,106). In a clay which does not have 

organics, incomplete reduction can produce a 'reverse 

core' effect, with a red core and black exterior (Rye, 

1981,115). 

With other colour combinations, it is more difficult 

to determine the firing conditions. A brown cross- 

section with a range of light to dark hues indicates 

that iron oxide may be incompletely or fully converted 

to the ferric state (Shepard, 1976,106). A uniform 

light or dark grey can mean either that the vessel was 

unoxidised (that is the temperatures were not high 

enough to start the reaction) or it can mean that the 

vessel was reduced. In cases like this, refiring of a 

sherd can determine which is the case. Vessels with 

an orange/red exterior and a grey interior were proba- 

bly fired upside down in oxidising conditions, a 

micro-reducing atmosphere being created in the interi- 

or of the pot. 
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Firing times vary, and can last from several hours to 

several days. At Thimie in the Kathmandu Valley, for 

example, Birmingham (1975) witnessed a firing with 

straw as the fuel. The amount of straw was gauged so 

that no more had to be added, and the firing lasted 

three days, by which time the vessels were well fired. 

At the other extreme, firings of just over 15 minutes 

were recorded by Nicklin (1979) in his observations of 

pottery manufacture in south-east Nigeria. With many 

clays a low firing temperature and only partial oxida- 

tion produce viable vessels, and less fuel is required 

(Matson, 1963,595). 

a) Domestic Hearths 

In 'open' or 'mixed' firing, the fuels and vessels are 

not separate. The domestic hearth can be used to suc- 

cessfully fire vessels, by rotating the pots until 

they are evenly fired (Hodges, 1976,36). Firing on 

the domestic hearth was still used in the Hebrides un- 

til the 19th century. Mitchells (1880) described how 

the vessels were left to dry for a day and then put 

into the fire, and surrounded and filled with burning 

peats. 

Open firings, unlike kiln firings, are characterised 

by a rapid rise and fall in temperature, and conse- 

quently, firing times are often short, sometimes less 
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than thirty minutes (Woods, 1982,11). One problem 

with open fires is that as the fuel burns away, the 

vessels may become exposed to air, and this rapid 

cooling can cause wide-mouthed vessels to crack at the 

rim. To counteract this, vessels are sometimes fired 

upside down. In this way the rim heats more slowly 

and is insulated by ash and embers while cooling (Rye, 

1981,98). 

An alternative is to use a pit, with the fuel being 

built up around the pots. The temperatures reached 

are similar to those of an open fire, but the firing 

patterns are different - pits conserve heat better and 

the cooling process is longer. 

b) Modified Open Fires 

O'Brien (1980) experimented with the use of bonfires 

of wood, with no pits or clay domes. He found that it 

was very difficult to control the rate of burning and 

attain even combustion throughout the fire. In one 

instance the temperature rose from 420°C to 850°C in 

five minutes. The problems were most severe in the 

early stages of preheating when the vessels were most 

likely to crack. Nearly all the breakages occurred at 

less than 300°C, caused by sudden changes in tempera- 

ture. 
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He constructed a chamber, which was a compromise be- 

tween an open fire and a kiln. The chamber had log 

walls, and was surrounded with a layer of twigs, grass 

and leaves. Around this was a 'roof' of logs leaning 

inwards. O'Brien found that the temperature in the 

central chamber rose slowly and steadily. 

Also half way to a kiln is a modified open fire in 

which the fuel and vessels are covered with a layer of 

non-combustible insulating material such as potsherds 

or turf. Holes are left in the layer so that the air 

can flow in and out (Rye, 1981,98). 

c) Simple kilns 

In kiln firing, the vessels and the fuels are kept 

separate. Towards the end of the prehistoric period 

in Britain, there is some evidence for simple kilns 

(Anderson, 1984,193). A fire was set in a pit below 

a perforated 'floor'. The pots were stacked on the 

floor and a clay dome with a vent at the top was con- 

structed over them. The dome was broken when the 

firing was complete, and the pots removed. 

Kilns are not always an advance over open-firing tech- 

niques. Some limit temperatures to below 1000°C, have 

as wide a range in temperature at the peak of firing, 

and use more fuel to heat an equal number of vessels 
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because the kiln structure must also be heated (Rye, 

1981,25). 

On site, unless a kiln was used, there is little 

chance of being able to determine where firing took 

place, as pottery firing in either a bonfire or a pit 

leaves few archaeological traces (O'Brien, 1980,57). 

However, from the pottery it is often possible to tell 

whether bonfire or kiln firing was most likely. Pot- 

tery fired on a bonfire will tend to be more variable 

in colour than that fired in a kiln. If vitrification 

has taken place, that will generally indicate the use 

of a kiln. 

Experimental firing at Pool 

An experimental firing was carried out to test the 

potting potential of the clays nearest the site. Clay 

was collected from the cliff section near the site. 

A lump of clay was worked and kneaded until all the 

lumps had been removed, a little water being added as 

necessary. Some sand was added to one batch and 

chopped grass to another. 

The vessels were constructed with modelled bases, and 

coil-built walls. The walls were hand-smoothed. The 

pots were left to dry for three days. 
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On the day of the firing, an area 0.5m by 0.5m was 

deturfed, and a flue 15cm across was dug out at one 

side. A peat fire was lit in the hole and kept burn- 

ing for between 2 and 3 hours. 

Four vessels were then placed in the hot ashes and 

covered with turfs. After eight hours, the fire was 

still smoking. One vessel was removed at this point, 

the others were left in for 6 hours more. The results 

were good for a first attempt - well fired and unfrac- 

tured. 

5.3.7 Recordinq System for the Pool Potter 

In general, pottery recording systems are set up to 

suit a particular project, reflecting in part the pro- 

ject's aims. With the Pool pottery, various methods 

of recording were tested using two hundred sherds to 

establish which would suit the material best. 

Figure 9 shows the format of the recording sheets 

which were used. At the top of the sheet the year of 

excavation and context number are noted, along with a 

description of the context and its phase. In the left 

hand column the sherds within that context are listed 

numerically, by finds number. This column also 

records the use of the sample for analysis or TL 

112 



dating. 

The next three columns BY, R and BS identify the 

sherds as body, rim or base sherds. The quantity of 

each type of sherd was noted if'greater than one. If 

a finds number encompassed sherds from more than one 

vessel, they were divided according to vessel and a 

letter was suffixed to the finds number. 

The next three columns, F, M and C represent fine, me- 

dium and coarse classes, a subjective indication of 

the appearance of a sherd, and only relevant within 

the assemblage. 'Fine' refers to thin-walled, well- 

finished vessels, while at the other end of the scale, 

'coarse' denotes thick-walled pottery with large in- 

clusions. 

The colours of a sherd are denoted by E, C and I 

representing the exterior, core and interior of its 

cross-section. The colours recorded were red, grey, 

brown, buff and black, the purpose being to indicate 

the firing conditions rather than to describe the 

colour in detail. With secondary firing a probabil- 

ity, and the possibility that post-depositional stain- 

ing occurred, there seemed little point in being more 

precise. Recording colour by comparison with a 

Munsell chart, for example, is very time-consuming and 

would not have added any useful information. Within 
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the E, C and I columns, the description of colour 

across the section is sometimes recorded in more 

detail, for example 'black surface' in the E column 

denotes that the exterior surface of the vessel was 

black, whereas 'red margin' would indicate an oxida- 

tion layer of 1-2 mm. From such descriptions the 

colour can be related directly to firing conditions, a 

red sherd with a grey core, for example, indicating 

incomplete oxidation (see above 5.3.6). 

It was decided to use broadly defined fabric groups. 

Often too many fabric types are created by concentrat- 

ing on small variations in the matrix and inclusions 

(Robinson, 1978,88). Some would argue, for example, 

that the presence of one or two sandstone grains in a 

sherd constitutes a separate fabric group or sub- 

group. Such detailed recording can result in the pro- 

duction of almost as many fabric groups as there are 

sherds. This can be counter-productive, the aim of 

fabric recording being to group like sherds. With 

coarse pottery such as that from Pool, there is con- 

siderable variation in fabric due to the use of mixed 

gravels as temper, and from the use of boulder clay 

with its mix of inclusions. 

In recording the Pool fabrics, fired samples of local 

clays were used as 'standards'. Any pottery sherd 

containing amounts of inclusions similar to a fired 
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clay sample was classified as 'untempered'. In 

determining fabric, the sherds were studied at X40 

magnification. The use of two very different clays 

for pottery production were identified, one having a 

coarse quartz sand component and little mica (similar 

to the boulder and secondary clays), the second being 

finer and having a higher mica content (similar to the 

primary, cliff section clays) (see Section 6.2). 

The term 'matrix' was used to describe the part of a 

sherd which could be matched to a naturally occurring 

clay. Thus the fabric of an untempered sherd will 

comprise only Matrix 1 or 2, whereas the fabric of a 

tempered sherd will comprise Matrix 1 or 2 plus a per- 

centage of, for example, added sandstone inclusions. 

Where inclusions are present, the dimensions of the 

largest inclusion are given, followed by (N) if the 

inclusions are thought to be natural to the clay or by 

a percentage if they are thought to have been added. 

Any organic material is listed in a similar way. 2, 

organics (N) indicates that there are organic remains 

present in a Matrix 2, but these are unlikely to have 

been added and were more probably rootlets dug up with 

the clay or grass accidentally included during 

manufacture. 

The final attribute recorded under the fabric heading 
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is hardness, which gives an indication of how well a 

vessel was fired. The edge of 'soft' pottery can be 

crumbled by scraping with a finger nail. Standardis- 

ing hardness requires the use of Moh's scale. Like 

the use of a Munsell chart this was considered too 

time consuming for the amount of information it would 

yield, particularly as post-depositional changes in 

hardness were anticipated. 

In the columns to the right of the fabric column, the 

dimensions of a sherd are recorded - thickness (TH), 

diameter (DIA) if the sherd is a rim or a base, and 

the weight (WT). 

The final column is reserved for comments on the rim 

or base type (diagrams are made where possible), the 

forming method (any coil junctions, etc) and finishing 

techniques, (decoration, burnishing, etc). Any at- 

tribute which might indicate pottery firing waste such 

as spalling or fire cracking is noted. The presence 

of sooting or residues on the exterior is denoted by 

ES or ER, and on the interior by IS or IR. 

The number of vessesl present was calculated as fol- 

lows - where there was more than one vessel 

represented by one finds number, the sherds were 

grouped according to vessels and each group was iden- 

tified by suffixing a letter to the finds number. 
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Within contexts the pottery was compared to see if it 

could have come from the same vessel. In general, un- 

less there was an undeniable match, the pottery from 

different contexts was not matched for determining 

minimum numbers. The main reason for this was that a 

great deal of the pottery, especially the Neolithic 

pottery within a context, looked very similar, and 

grouping like sherds would have seriously under- 

represented the numbers of vessels present. 

Computer recording of certain attributes was carried 

out to allow the manipulation of statistical data and 

the quick retrieval of data. Appendix 21 lists the 

attributes recorded and the data in spread-sheet 

format. 
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5.4 X-RAY FLUORESCENCE SPECTROMETRY 

5.4.1 Introduction 

Moseley's study of the x-ray spectra of the elements 

in 1913 (Moseley, 1914) established the basis for x- 

ray spectrochemical analysis in which primary x-rays 

are used to excite characteristic secondary radiation 

from a sample. The technique is referred to as x-ray 

fluorescence spectrometry (XRF). It was first used 

commercially in the 1950s (Jenkins et al, 1981,2) and 

since then has been used in many research fields, in- 

cluding the characterisation of archaeological 

materials. 

XRF is a multielement analytical technique which can 

determine elements from atomic number 5 (boron) up- 

wards in the periodic table in quantities as small as 

a few parts per million. 

5.4.2 Principles of XRF 

By directing a beam of primary, high energy photons 

(usually x-rays) onto a sample, vacancies can be cre- 

ated within the inner orbital levels of the atoms in 
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the sample, if the energy of the photons in the beam 

exceeds that of the binding energy of the electrons. 

In order for an atom to regain its 'ground' state, 

electrons are transferred from the outer orbitals to 

the vacancies in the inner levels (Figs 10 and 11). 

The resulting energy surplus may be emitted as an x- 

ray photon, its energy being equal to the absolute en- 

ergy difference between the binding energies of the 

initial and final states of the transferred electron, 

thus for Figure 11, 

(E)K, 
ý = EK- E1.. 

(E)K, g, = EK- Ein 

(E)L,, = EL- EM 

(E)I., gz = EL- EN 

(E) m�, = Ein- EN 

where EK is the binding energy in the K orbital, 

EL is the binding energy in the L orbital, etc. 

Because the atomic configuration of each element is 

different, the energy of the photon emitted will be 

characteristic of a particular element. 

The wavelength of an emitted photon (A) and the atomic 

number (Z) of an element are related by the equation, 
i 
7=k (Z-6')2 (Moseley's Law) 

where k and @ are constants whose values depend on the 

particular series, typically Cr= 1 for the, K series. 

119 



Under analytical conditions, many electron transfers 

are induced resulting in a characteristic line emis- 

sion spectra for each element in a multi-element 

sample. 

5.4.3 The Analytical System 

An x-ray spectrometer may be considered under three 

sections: 

- the production of the exciting primary beam of 

x-rays 

- the dispersion and detection of the secondary 

x-rays emitted by the sample 

- the data handling (Fig 12). 

a) The Production of Primary X-ravs 

In a typical x-ray spectrometer the primary x-rays are 

produced by an x-ray tube in which a beam of electrons 

is directed to and interacts with a metal target. The 

resulting primary x-ray beam has two components, the 

continuous spectrum (also referred to as the general 

spectrum, white spectrum, continuum and 

Bremsstrahlung) and the characteristic line spectrum 

of its elements. 
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The continuous spectrum results mainly from electron 

scattering at the anode, and in XRF forms the principal 

source of specimen excitation and background. It is 

characterised by having a continuous range of energies 

and by its shape, an asymmetric curve with a maximum 

intensity and a gradual fall-off at high and low 

energies. 

The production of a continuum rather than a single 

monoenergetic emission of energy Amin corresponding to 

the x-ray tube potential is due to stepwise decelera- 

tion, most electrons giving up their energy in 

numerous unequal steps rather than in a single step, 

corresponding to the high energy limit. Thus, a con- 

tinuous band of energies results, the low energy cut- 

off resulting from absorption and the electronic 

threshold cut-off in the detector system. Varying the 

x-ray tube voltage has most effect on the continuum. 

An increase in x-ray tube potential results in an in- 

crease in the intensity at any wavelength already 

present, Amin and )max being displaced to shorter 

wavelengths, and the intensity at imax increasing. 

The characteristic spectrum consists of a set of sharp 

peaks of intensity superimposed on the continuum. 

These peaks are characteristic of the elements in the 

target being irradiated and also have characteristic 

relative intensities. The peaks are in groups, those 
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relating to transitions terminating in the K-shell, in 

the L-shell and in the M-shell, with decreasing energy 

and increasing wavelength. 

In the present analyses, the EDAX PV9500/80 System was 

used. The tube was of side window type, with a 125µm 

beryllium window and a rhodium target (anode), which 

produced lines at 2.69 keV (Lý, line), 2.83 keV (LA, 

line), 3.00 key (L, line), 20.21 keV (KM, line) and 

22.71 keV (Kß line). Figure 13 shows the primary 

spectrum consisting of the continuum with the rhodium 

characteristic spectrum superimposed. 

b) Spectrometer 

Following the excitation of the characteristic line 

spectrum, the second stage is the dispersion of the 

secondary x-rays to allow the isolation and measure- 

ment of the individual lines of the specimen. 

This is done either by wavelength dispersion in which 

the secondary x-rays are collimated by passing them 

through Soller slits and diffracted by a crystal to 

isolate narrow wavelength bands, or by non-dispersive 

methods (also called energy-dispersive) which use a 

pulse-height analyzer and have no dispersing crystal 

(Jaklevic and Goulding, 1978). 

The PV9500 system is energy dispersive and has a semi- 
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conductor radiation detector. The semi-conductor 

detector is a crystal of p-type silicon into which has 

been drifted lithium on one side to create a com- 

pensated intrinsic central zone between the original 

p-type and the n-type. (Lithium has a high diffusion 

rate at room temperature, and the crystal has to be 

kept near liquid nitrogen temperature). Electron-hole 

pairs are produced as a result of the absorption of 

incident x-ray photons. 

c) Measuring Electronics 

The measurement and readout of the analyte line in- 

tensity involves the detector, amplifier, pulse-height 

analyser and multi-channel analyser. 

With the system used, the voltage pulses were 

amplified and processed in an analogue to digital con- 

vertor (ADC). From there the data was transferred to 

a multi-channel analyzer (MCA) which was controlled by 

a PV9100/60 computer with 32K memory capacity using 

dedicated System 60 software. Each memory location of 

the MCA stores the number of pulses arriving from the 

detector at a particular voltage height. Sequential 

readout of the memory channels gives the spectrum in 

the form of intensity versus concentration. 
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5.4.4 Factors Affecting Quantitative Analysis 

The accuracy of XRF is dependent upon comparison of 

the results with standards of knows composition. 

To a first approximation the net (peak minus back- 

ground) count rate (counts per second) of an analyti- 

cal line is proportional to concentration. A number 

of factors can however cause large deviations from 

proportionality between counts per second and con- 

centration, and these have to be taken into account if 

quantitative rather than qualitative results are to be 

obtained. The main corrections are for absorp- 

tion/enhancement effects which occur because every 

element in a multi-element specimen has an effect on 

the line intensity of all other elements present. 

a) Absorption 

When a sample is irradiated by a beam of x-ray 

photons, a proportion of the primary radiation will 

not produce secondary fluorescence, as is illustrated 

in Figure 14. In this example, a monoenergetic beam 

of radiation with energy Eo and intensity I, falls 

on an absorber of thickness x and density /0 .A 

certain fraction (I/I, ) of the radiation may pass 

through the absorber, the wavelength of the emergent 

beam remaining unchanged. The intensity of the beam 
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is given by Ix(E, )=I, exp(%"A where µ is the mass 

absorption coefficient of the absorber for the energy 

E, . 

The mass absorption coefficient of an element 

decreases with an increase in the x-ray energy, and is 

proportional to l/E3 ,a shorter wavelength having 

more energy, and thus more penetrating power. The 

mass absorption coefficient of an element has two main 

components, photoelectric absorption and scatter. 

Photoelectric absorption 

The general curve of x-ray absorption versus 

wavelength has abrupt discontinuities, known as ab- 

sorption edges which occur at the minimum energy that 

can expel an electron from one of the orbitals, that 

is, the binding energy of one of the electrons in the 

subshells. Each element has as many absorption edges 

as excitation potentials, and a multi-element sub- 

stance has all the absorption edges of its constituent 

elements. 

Scatter 

Scatter occurs when photons are not absorbed within 

the sample, but are deflected from their initial path, 

at the same energy, giving Raleigh (coherent) scatter, 
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or at a lower energy, giving Compton (incoherent) 

scatter. Raleigh scattering occurs when the x-ray 

causes an electron to oscillate rather than to be 

knocked out of the atom. The electron then acts as a 

radiator of incoming x-rays at the same wavelength or 

energy (E, ). Compton scattering results from the in- 

teraction of x-rays with loosely bound electrons in 

the outer shells of atoms. Part of the energy of the 

x-ray photon is lost to the electron in freeing it 

from the atom, and the photon now of energy Ec, where 

Ec< E0, is deflected from its original path (Fig 14). 

The scattering coefficients are both energy dependent. 

b) Enhancement 

In addition to the elemental reduction of intensity by 

self-absorption and absorption by other elements in 

the sample, intensity can also be enhanced under 

certain conditions. 

Figure 15 shows a continuum with the calcium K lines 

superimposed and represented by a single peak. The 

mass absorption coefficient is also plotted with the 

calcium K absorption edge lying just to the high ener- 

gy side of the calcium line. All radiation with an 

energy greater than the binding energy of the calcium 

K electrons can excite the calcium K emission, but the 

most efficient exciting radiation is that nearest the 
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absorption edge. 

Now consider a three-element sample (Fig 16) contain- 

ing potassium, calcium and titanium. The titanium K 

line with its absorption edge lies to the high energy 

side of the calcium. The titanium K radiation can ex- 

cite the calcium giving the calcium K line a greater 

intensity than it would have had if titanium was not 

present, a phenomenon known as secondary fluorescence. 

In addition, tertiary fluorescence can occur by the 

enhancement of the potassium line by the enhanced cal- 

cium radiation. Thus, the titanium peak will result 

merely from primary excitation from the x-ray beam, 

the calcium peak will result from primary excitation 

from the x-ray beam and secondary excitation from 

titanium x-rays, and the potassium peak will result 

from primary excitation from the x-ray beam, secondary 

excitation from calcium and titanium x-rays and 

tertiary excitation from the secondary calcium x-rays. 

c) Other factors affecting the proportionality 

between intensity and concentration 

Sample Depth 

The depth of sample analysed has to be taken into ac- 

count when converting intensity data to concentra- 
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tions. Each element in a sample has a characteristic 

'critical depth' which is the point at which increas- 

ing the thickness of the sample gives no increase in 

the measured fluorescence radiation (Jenkins, 1974, 

41). The shorter the wavelength of a line, the 

greater its energy, and hence the greater its critical 

depth. It is customary to prepare samples and stan- 

dards to a thickness greater than the critical depth 

of any analysed element, the sample then being 

referred to as infinitely thick. The critical depth 

of an element will vary from one material to another, 

due to variation in absorption properties. Table 3 

lists the critical depth for mixed alkali glass. 

Oxide Analytical Depth (, um) 

Na20 3.6 
MgO 6.1 
A 11 03 6.1 
SiO2 8.8 
K20 28.0 
CaO 26.0 
TiO2. 35.0 
MnO 73.0 
Fee 03 91.0 
CuO 168.0 
PbO 426.0 

Composition 

5.0 
3.2 
3.9 

56.0 
7.0 

19.0 
0.2 
0.5 
0.3 
0.2 
0.71 

Table 3: Critical Depths for Mixed Alkali Glass 
(After Sanderson et al, 1984, p 56-57, 
Table 1) 

An alternative approach to making the sample 'in- 

finitely thick' is to make the sample so thin that 

even the elements with low atomic number (hence low 
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energy) will show secondary x-rays with intensity pro- 

portional to their concentration. 

The Auger Effect 

If instead of an x-ray being released after the 

ionisation of an atom, the energy of the exciting 

photon is internally absorbed by the atom, a radia- 

tionless transition will occur. This is known as the 

Auger Effect and results in further electron transi- 

tions within the atom. This can be seen as internal 

photoelectric absorption and is more common among ele- 

ments of low atomic number. 

The ratio of radiationless transitions to transitions 

resulting in the production of an x-ray can be ex- 

pressed in terms of fluorescent yield (W). Fluores- 

cent yield can be defined as the number of x-ray 

photons emitted within a given series, divided by the 

total number of vacancies formed in the associated 

level (Jenkins, 1974,17). 

Figure 17 shows K fluorescent yield as a function of 

atomic number. Fluorescent yield decreases markedly 

with the lower atomic numbers, and is, along with ab- 

sorption by the window of the detector, the main cause 

of problems in obtaining good sensitivity of detection 

for the low energy elements. 
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Escape Peaks 

In some instances when a secondary x-ray from the 

sample interacts with the silicon crystal detector, a 

characteristic x-ray of the silicon 'escapes'. The 

pulse which is recorded will then have the energy of 

the analyte line minus the energy of the silicon line 

(1.739 keV). As shown in Figure 18, an escape peak 

will be produced at an energy 1.739 keV less than the 

peak of the element of the analyte. X-rays penetrate 

the silicon detector to a depth which increases with 

energy. The low energy (and strong absorption) of the 

silicon x-ray photons means that they escape to a sig- 

nificant extent only from shallow depths within the 

detector, and the probability of escape peak produc- 

tion therefore decreases, with the increase in energy 

of the incoming photons being insignificant above 10 

keV. The intensity of the escape peak relative to the 

parent peak is highest for photons whose energies are 

just above the silicon K absorption edge energy. 

In some instances, escape peaks can overlap with the 

elemental peaks of a spectrum, producing a form of in- 

terelement interference (Fig 19). The EDAX 9500 pro- 

vides automatic escape peak correction by stripping 

out the escape peak for each elemental peak in the 

spectrum, the intensity of the escape peak being cal- 
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culated from the intensity of the main elemental peak. 

5.4.5 QUANTITATIVE XRF 

As has been discussed above, the relationship between 

the intensity I(E; ) of a line at a certain energy E 

pertaining to an element i, is not proportional to the 

concentration of that element in the sample, due to 

the absorption/enhancement effects of other elements 

(j) in the matrix. If closely matched standards are 

available, direct ratios can be used, 

ISr/I5A P= Csr/CSAMP. Usually available modern standards do 

not match the composition of archaeological samples. 

This is especially true of metal and glass samples, 

but less true for pottery samples. However, even with 

pottery samples it is often difficult to find a single 

clay standard sufficiently close in composition to 

that of the sherds. There will therefore, be dif- 

ferences in the absorption properties of the standards 

and the sherd fabrics, so other methods must be con- 

sidered for obtaining quantitative results. 

Of the absorption effects, secondary absorption (ab- 

sorption of the emerging beam) has the greatest effect 

and must always be taken into account in calculating 

the concentrations. 
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There are various techniques which can be used to ob- 

tain quantitative results with various methods of cal- 

culating absorption effects. The main ones are - 

- Fundamental Parameters which relies on a detailed 

knowledge of the physical processes of the 

analytical technique. 

- Backscatter techniques which use experimental work 

to calculate an average absorption effect for the 

matrix. 

- Influence Coefficients which is a fully empirical 

method. Although the standards will contain the 

same elements as the pottery they may be in very 

different ratios. 

a) Fundamental Parameters 

The Fundamental Parameters method (Criss and Birks, 

1968) uses measured primary spectra to evaluate con- 

centrations from measured intensities, relying on a 

detailed knowledge of absorption and enhancement and 

of the physics behind the production of the spectrum. 

All stages are considered in detail: the absorption of 

the primary x-rays into the sample, the excitation 

process with the competing factors which lead to the 

emission of a characteristic line, the enhancement of 

other lines by the emergent beam, the detector ef- 

ficiency, etc. Substantial computing time is involved 

in the assimilation of the data and the calculation of 
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the concentrations. 

Theoretically, no standards are required, but errors 

are accrued because there are some fundamental physi- 

cal parameters (such as fluorescent yield) whose 

values are uncertain. Some of these uncertainties can 

be at least partially eliminated by the use of rela- 

tive intensities (relative to standard material) rath- 

er than absolute intensities. 

b) Backscatter Techniques 

As well as emitting lines characteristic of the ele- 

ments in the matrix, a sample will scatter the primary 

x-ray spectrum. As has been discussed (5.3.4), there 

are two forms of scatter, Rayleigh Scatter in which 

the scattered photon has the same energy as the pri- 

mary photon, and Compton Scatter in which the scatter- 

ing photon has a lower energy than the primary photon. 

In quantitative analysis, the Rayleigh and Compton 

scatter of the tube lines by the sample can be used as 

an internal standard, providing indirect information 

on the average absorption properties of the matrix 

(Andermann and Kemp, 1958, Kalman and Heller, 1962, 

Reynolds, 1963, Lubecki et al, 1967). The model 

depends on the fact that as the fluorescent intensity 

I. is inversely proportional to the total mass ab- 
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sorption coefficientur, and the mass absorption coef- 

ficient is proportional to Z4 (atomic number), 

If o- Z-". 

The sum IS of the coherent and incoherent scatter is 

also inversely proportional to a. T. As the coherent 

scatter is proportional to Z4 , IS /If is approximately 

proportional to Z' if the scattering is mainly 

coherent. The ratio is less matrix dependent than If 

alone (Jenkins et al, 1981,462). Selected 

wavelengths of scattered radiation from the sample can 

be measured, and used as an 'internal standard'. 

c) Influence Coefficients 

The use of a mathematical model to determine the 

analyte concentration of an unknown requires correc- 

tion coefficients or influence coefficients, to be 

derived. This method was that used for processing the 

pottery data, the model being based on Lucas-Tooth and 

Price (1961). Unlike the fundamental parameters meth- 

od, the detailed mathematical physics of enhancement 

and absorption do not enter explicitly into the cal- 

culations, but the influence (enhancement, absorption 

and line overlap) are implicit in the experimental 

determination of the coefficients. 

For a thin sample there is a direct relationship be- 

tween concentration (C; ) and intensity (I; ). 
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C; =K; I; , where 

K; is the slope of the calibration graph relating C; 

to I; for a given element, 

C1 K; I; for a thick sample, and consequently K has to 

be modified. 

The mathematical form of the Lucas-Tooth Model, for 

one element i, accounting for the effects of other 

elements j is 

Ci =Ii (Ki +&ij Ij )+ Bi +IBij Ij 

where, 

£Kjjlj is the influence of other elements on the 

calibration constant relating intensity to 

concentration. 

Bi is the intercept of a linear fit of concentration 

and intensity for element i (this can be regarded 

as equivalent to the background for element i 

when gross intensity is used). 

£BijIj can be regarded as equivalent to the background 

of element i from other elements present. 

A series of standards are run and the coefficients K;, 

Kip B; and B; are determined by regression analysis for 

each element i. To minimise the number of coeffi- 

cients and hence of the standards required, it is 

usual to ascertain which elements have a major in- 

fluence on the element of interest. This is done in 

the setting up of the calibration procedure. More 
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detailed experimental information is given in the fol- 

lowing section (5.4.6). 

5.4 .6 Advantages and Disadvantages of Energy 

Dispersive XRF as an Analytical 

Technique 

Advantages 

a) Spectra Unlike optical emission spectra, x-ray 

spectra are simple, each element having in general 

substantially fewer x-ray lines than optical 

lines. 

b) Absorption-enhancement effects In x-ray emission 

these "matrix" effects are systematic, 

predictable and can be evaluated. 

c) Specimen versatility The physical form may be 

solid, briquet, powder, liquid, etc., so long as 

standards are prepared in the same way. 

d) Samples can be reanalysed to check results. 

This is often not possible with radioactive 

techniques, for example, neutron activation 

analysis where the induced radioactivity of 

isotopes decreases with time, so that the 
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shape of the spectrum is time-dependent. 

e) Concentration Range Energy dispersive XRF can 

measure concentrations from 100% for any element 

above boron to 10 ppm for sensitive elements in 

favourable matrices. 

f) Precision and Accuracy Precision may usually be 

made as great as desired by appropriate selection 

of the accumulated count. Accuracy compares 

favourably with that of other instrumental 

analytical techniques. 

g) Speed With the PV9500 system, sample analysis can 

be carried out automatically, with batches of up to 

14 samples. 

Disadvantages 

a) Light Elements Reliable data can not be obtained 

for sodium or elements below it in the periodic 

table. 

b) Penetration Only a relatively thin surface layer 

(<O. lmm) contributes to the measured line 

intensity for the low energy elements, so that the 

method is sensitive to surface texture and gives 

average bulk composition only for homogeneous 
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substances. Care had to be taken to produce 

pellets with a very smooth surface. 

c) Standards A good range of standards with similar 

chemical composition to the samples and in the 

same physical form as the samples are an 

advantage. 

d) Sampling In theory the method is non-destructive, 

but for a material like coarse pottery, a sample 

has to be extracted, crushed and pelleted. 

5.4.7 Sample Preparation 

A major decision in the analysis of coarse pottery is 

what constitutes a sample. One option is to analyse 

the clay separately from the temper. The main problem 

with this approach is in deciding what is natural to 

the clay and what has been deliberately added. This 

is especially difficult in areas with secondary clays, 

such as boulder clays, which may have a natural mix of 

gravel of various sizes and types. A potter could 

have chosen a clay containing a proportion of rough 

natural inclusions because it was of a consistency 

which he would otherwise have had to attain by adding 

temper. 

138 



A way round this problem would be to c 

threshold and only analyse the portion 

below it. The difficulty is to decide 

range of inclusions should be included 

and which should be removed. Any size 

be largely artificial. 

hoose a size 

of the sample 

which size 

in the analysis 

threshold will 

Rather than separate entities, a potter sees his ves- 

sel as a combination of clay and temper, a workable 

mix which should survive the firing process and have 

properties appropriate to its function. It was de- 

cided to treat the pottery as a whole, a complete mix, 

rather than to separate out the clay fraction. 

In chosing the sample preparation method for the 

Orkney pottery and clays, three main factors were 

taken into consideration. These were, firstly, the 

inhomogeneity of the samples, secondly, the time fac- 

tor involved with the available techniques bearing in 

mind that between 400 and 500 samples were going to be 

made, and thirdly, the compatibility of the various 

samples with the analytical equipment available. 

The main aim in sample preparation for XRF is the pro- 

duction of a surface which is both flat and 

homogeneous. The surface roughness should be less 

than the critical thickness for the element with high- 

est energy (Bertin, 1970,490). From the coarse na- 
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tune of much of the pottery, it was obvious that mere- 

ly presenting a pottery fragment to the detector would 

not provide a representative analysis. Even if a 

slice was removed from a sherd and the flat surface 

analysed, there is the problem that the x-ray beam 

would be focused on one large inclusion. In addition, 

although a surface may appear flat, the porosity of 

the pottery could cause deflection of the primary and 

secondary x-ray beams. 

Given these problems, the most suitable methods of 

sample preparation were: 

- fusing the sample to produce a glass bead 

- analysing a sample of loose powder 

- pressing the powder into a pellet 

(Use of a solution was not suitable for the equip- 

ment. ) 

a) Fusing 

A major advantage of fusing the sample is that 

grain size effects are eliminated, that is, the 

problem of ensuring that samples are all being 

ground down to the same fineness is avoided. As 

well as this benefit, a flux which reduces 

interelement effects can be used. The samples 

are usually homogeneous with smooth, flat 

surfaces. 
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However, there are some disadvantages with the 

method, the main ones being that preparation is 

slow, and the trace and minor constituents are 

highly diluted by the addition of a flux (Bertin, 

1970,495). 

b) Loose Powder 

With the loose powder method, the sherd is ground 

down and the powder sprinkled on to, for example, 

a sheet of Mylar, which is presented to the 

equipment direct. A major problem with this 

method is to ensure uniform and thin sample 

deposition over the Mylar. 

c) Pressed Powder Pellets 

The most common method of sample preparation for 

XRF of coarse pottery is the production of 

pressed powder pellets. By pressing a powder 

mixed with a binder in a pill press, a flat 

homogeneous surface can be produced. 

The use of a binder such as cellulose is time- 

consuming as the cellulose has to be accurately 

weighed and uniformly mixed with the pottery 

powder. The cellulose has to be taken into 
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account in the analysis. 

The method of pellet preparation used in the 

present programme of analyses (a technique used 

by Dr P. K. Harvey of the geology department of 

Nottingham University) overcame many of these 

difficulties. 

The cleaned pottery samples were ground up in a 

ball mill. (A sample size of about 800 mg was 

initially taken. This was found by Hancock (1983) 

to be a reliable sample size for all but the 

coarsest wares. The variability over a vessel 

using this sample size was estimated by sampling a 

handmade vessel of comparable texture to the 

majority of samples - see Appendix 8). A few 

drops of PVP/Methyl Cellulose binder (Appendix 1) 

were added to some of the powder, mixed 

thoroughly, put into a pellet press and pressed at 

2 tons of pressure for 10 seconds. A pellet lcm 

in diameter and around 13mm thick was formed. 

The pellets were dried in an oven at 100°C for 

about 30 minutes. 

The advantages of this method were- 

i) The binder was organic based. When heated, 

most of it was driven off, and did not have 

to be taken into account in matrix effects 
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(less than 1% of the original adhesive is 

left) . 

ii) Because most of the binder was driven off, 

the sample and binder did not have to be 

accurately weighed to provide a set ratio. 

The main criterion was to use enough sample to 

produce a pellet thicker than the critical 

depth of the highest energy being analysed. 

iii) Due to the fact that weighing was not 

necessary, the method is relatively fast - 

about 10 pellets an hour can be made. 

Certain measures were taken to minimise errors arising 

from the sampling of the pottery: 

i) Before sampling, the surface of the pottery 

was cleaned to remove the soil adhering to 

it. 

ii) The risk of contamination during preparation 

was limited by the use of a diamond 

impregnated saw. 

iii) The ball mill was cleaned out with water 

after grinding a sample, then wiped with 

acetone. 

iV) The prepared pellets were stored individually 
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to avoid abrasion and contamination. 

5.4.8 Calibration 

Twenty standards chosen, where possible, to cover the 

expected range of compositions of the pottery samples, 

were analysed to set up a calibration. The samples 

were powdered clay and rock standards (Appendix 7). 

They were pressed into pills using the same method as 

was used with the pottery samples, and analysed for 

the same length of time (20 minutes). 

The analytical results for the standards were used to 

display a calibration graph for each element (examples 

are shown in Figs 20,21 and 22). The computer pro- 

gramme allows the user to specify which other elements 

have a major influence on the emitted intensity of the 

element of interest. The coefficients of fit are ex- 

amined at each stage to see if the influence modifies 

the calibration graph. The final coefficients of fit 

and the influencing elements are stored in memory and 

recalled to calculate the concentrations of elements 

in the samples, based on the equation on page 135, to 

calculate the values of the 'unknowns'. Below is a 

summary of the data pertaining to the calibration 

graph for each element. 
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Element Interfering Average Sensitivity Relative 
Element(s) Deviation Intensity Accuracy 

(%) per % comp) (ö) 

Na Mg 0.3506 5.4 7.0 
Mg - 0.8533 1.7 5.7 
Al Si 0.8648 8.9 4.3 

Si Ca 1.8968 19.2 3.2 
K Ca 0.0537 41.0 1.8 
Ca K 0.0573 56.9 1.0 
Ti Fe 0.0466 187.5 5.8 

Mn - 0.0058 155.8 5.8 
Fe - 0.3766 139.2 8.4 
Cr Fe 0.0025 206.5 1.8 
Rb Fe 0.0025 654.5 25.0 
Sr Fe 0.0067 287.5 24.8 
Zr Sr 0.0057 438.1 27.1 

Table 4: Summary of data from calibration graphs 
for XRF analysis. 

The average deviation is a measure of the 'scatter' of 

the points about the line of best fit. 

The sensitivity is expressed as the intensity per unit 

concentration. 

The relative accuracy is the-average deviation divided 

by the average concentration, and gives an indication 

of the relative performance of the equipment for the 

detection of different elements. 

5.4.9 Errors 

The relative error is reduced by long counting times 

to increase the total accumulated count. The samples 
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were counted for 1000 seconds each. Analysis was 

carried out under vacuum with a 30 second lapse after 

the sample entered the chamber to allow conditions to 

stabilise. 

One standard, S16, was run with each batch of samples. 

Because sample preparation and running conditions were 

constant, the variability in the analysis of this 

standard can be considered a measure of the overall 

error introduced by the variation in the X-ray spec- 

trometer, analysis and spectral handling. The 

variability is expressed below in terms of a mean and 

standard error - 

oxide lean(%) Standard Deviation 

Na 9.3 2.0 (21.5%) 
Mg 3.0 1.6 (53.3%) 
Al 20.0 1.5 (7.5%) 
Si 66.0 2.2 (3.3%) 
K 0.8 0.03 (3.8%) 
Ca 1.37 0.09 (6.6%) 
Ti 0.39 0.03 (7.7%) 
Mn 0.013 0.005 (38.5%) 
Fe too low for detection 

Element 

Cr 0.011 0.005 (45.5%) 
Rb 0.031 0.003 (9.6%) 
Sr 0.019 0.006 (31.6) 
Zr 0.048 0.004 (8.3%) 

Table 5: Variability of one sample (S16) over 
38 runs - unnormalised data. 

The same calculation was carried out on data which had 
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been normalised to 100% to see what effect this would 

have on the precision figures, but the effect was 

found to be negligible - 

Oxide Mean(%) Standard Deviation 

Na 9.2 1.9 (20.7%) 
Mg 3.0 1.6 (53.3%) 
Al 19.8 1.5 (7.6%) 
Si 64.6 5.4 (8.4%) 
K 0.79 0.03 (3.8%) 
Ca 1.36 0.11 (8.1%) 
Ti 0.39 0.03 (7.7%) 
Mn 0.013 0.005 (38.5%) 
Fe too low for detect ion 

Element 

Cr 0.011 0.005 (45.5%) 
Rb 0.031 0.003 (9.6%) 
Sr 0.019 0.006 (31.6%) 
Zr 0.048 0.004 (8.3%) 

Table 6: Variability of one sample (S16) over 
38 runs - normalised data. 

The high values for sodium and aluminium are due to 

the difficulties of detecting elements at the low en- 

ergy end of the spectrum, compounded with errors 

caused by an apparent drifting in the detector towards 

the end of the programme of analysis, which again af- 

fected low energy elements. The variability in the 

trace elements - manganese, chromium and strontium, 

were due to the low signal to background ratios. For 

these reasons, the 'mid range' elements were relied on 

in the statistical analysis of the data. 
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5.4.10 Analysis 

After the initial setting up and calculation of the 

calibration lines, the analysis, by the Edax PV9500/80 

spectrometer, was largely automated. Fourteen samples 

could be analysed in a batch. The spectrum for each 

sample was stored following analysis. Once the run 

was complete, the spectra could be read back, and pro- 

cessed to correct for inter-element and background in- 

terference, after which the stored calibration lines 

were used in the calculation of the net intensities 

for each element. The results of the analyses of the 

pottery samples are listed in Appendices 5 (major ele- 

ments) and 6 (minor elements). 

5.4.11 Statistical Analysis 

Once the net intensities for the samples had been cal- 

culated, the data was analysed in batches using the 

CLUSTAN package (Wishart, 1978) on the mainframe com- 

puter at the University of Bradford. The method of 

clustering adopted was Ward's Method, a hierarchical 

technique in which samples are repeatedly grouped at 

different levels with those closest in composition to 

them, leading to the production of a dendrogram. 
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With some hierarchical methods such as Single Linkage, 

there is no provision for re-allocating a sample 

within the dendrogram at a later stage in the calcula- 

tions. Ward's Method, however, takes into account at 

each stage the loss of information which could have 

occurred from earlier groupings. The two clusters 

joined are those whose fusion leads to the smallest 

increase in the error sum of squares (the sum of the 

distances from each individual to its parent cluster) 

(Wishart, 1978,33). 
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5.5 ANALYSIS BY INDUCTIVELY COUPLED PLASMA 

SPECTROMETRY 

5.5.1 Introduction 

Inductively Coupled Plasma Spectrometry (ICPS) is a 

multi-element analytical technique in which the induc- 

tively coupled plasma causes light to be emitted from 

a solution of a sample. Different elements emit light 

at known wavelengths, and the concentration of a par- 

ticular element can be calculated from the intensity 

of the light. 

ICPS can be used to detect a wide range of elements 

with little inter-element interference. Good accuracy 

and high precision can be achieved for the major and 

minor elements with detection to the lppm level for 

many trace elements (Heyworth et al, 1988A). 

The technique is particularly suited to the analysis 

of silicates, and consequently has been widely used in 

the analysis of geological samples (Thompson and 

Walsh, 1983), and more recently in the study of ar- 

chaeological ceramics and glass (Heysworth et al, 

1988B, Hart and Adams, 1983, Hart et al, 1987). 
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The present programme of analysis was carried out at 

Royal Holloway and Bedford New College, Egham, Surrey. 

5.5.2 Principles of ICPS 

Most analyses by ICPS require that the sample is put 

into solution (see 5.5.3). The solution is pumped 

into a spray chamber where a flow of pure argon gas 

converts part of the solution to an aerosol (Fig 23). 

The larger droplets, typically 90% of the sample, fall 

and are drained away. The gas stream transports the 

aerosol into the centre of an argon plasma (a plasma 

is a gas in which atoms are present in an ionised 

state (Thomson and Walsh, 1983,9)) generated by the 

interaction, or 'inductive coupling' of a stream of 

argon atoms with a radiofrequency field which has been 

created in a one or two turn coil. 

The plasma torch is made of silica and comprises three 

concentric tubes; the innermost one (inside the coil) 

carries the aerosol into the flame, the middle one 

carries the auxiliary gas (argon) which cools the 

silica torch, and the outermost carries the argon 

producing the plasma. In this way the sample is in- 

troduced into the cooler central part of the flame, 

reducing the incidence of self-absorption which occurs 

with other flame techniques, such as Atomic Absorption 
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Spectrometry where there is a central 'hot spot' and a 

fall in temperature outwards from it. 

Inductive heating keeps the plasma burning at between 

6,000 and 10,000 K, temperatures which dissociate the 

chemical bonds and excite the spectral lines for each 

element in the sample (Heyworth et al, 1988), that is, 

the energised atoms revert to a lower energy state, 

emitting a photon of energy (Thompson and Walsh, 1983, 

11). 

The emitted light is detected by a spectrometer, ei- 

ther a sequential system or a polychromator simulta- 

neous system. With the sequential system, the dif- 

fraction grating is rotated, by computer, its ad- 

vantage being flexibility of use with many lines 

capable of measurement. More commonly used is the 

polychromator simultaneous system in which many fixed 

spectral lines are measured simultaneously - sample 

throughput is greater with this system. 

In the present analyses a simultaneous system was 

used, a Philips 8210 air path spectrometer with a 1.5 

m radius grating. The emitted light is diffracted by 

the grating and then passed through secondary slits to 

isolate the resolved spectral lines which are detected 

by light sensitive photomultiplier tubes, one at each 

wavelength where a line would be expected. The signal 
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from the photomultipliers may be output as intensities 

or compared with calibration lines stored in a com- 

puter linked to the system, and output as concentra- 

tions. 

5.5.3 Sample Preparation 

The most common method of dissolving samples for ICPS 

is to use hydrofluoric acid along with either nitric, 

sulphuric or perchloric acid. In the present pro- 

gramme of analysis, hydrofluoric acid with perchloric 

acid (Walsh and Howie, 1980) was used. Perchlorates 

are more soluble than most sulphates, so perchloric 

acid is generally preferred to sulphuric acid. Nitric 

acid has a lower boiling point than perchloric acid, 

which can make removal of the fluoride ions difficult. 

1 ml of perchloric acid and 2 ml of hydrofluoric acid 

were added to 100mg of powdered pottery, and the solu- 

tion evaporated to dryness. The residue was then dis- 

solved in 1 ml hydrochloric acid and 1 ml distilled 

water and then diluted to 10 ml. 

During evaporation of the solution, silica is lost as 

the volatile tetrafluoride (Thompson and Walsh, 1983), 

but all other major elements and most trace elements 

can be measured. 
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5.5.4 Calibration 

The calibration used was that already in operation at 

King's College, and had been established from a plot 

of light intensity against elemental concentrations of 

known standards. 

5.5.5 Statistical Analysis 

Due to the removal of silicon during sample prepara- 

tion, the results were normalised to 100%. 

The data was then analysed by CLUSTAN, as for the XRF 

data (Chap 5.4). 
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5.6 THIN SECTION ANALYSIS 

5.6.1 Introduction 

Thin section petrology of archaeological ceramics al- 

lows the minerals and rock fragments present in a 

sherd to be identified. The technique was first used 

in geology and the soil sciences. A slice of pottery 

is cut from a sherd (previously impregnated with a 

resin if in a friable condition). One side of the 

slice is ground using progressively finer grades of 

abrasive, until completely smooth. This side is at- 

tached to a glass slide, and the other side is then 

ground in a similar way until the pottery section is 

around 30, u. m thick (rite, 1972,216). 

At this thickness, most minerals are transparent and 

can be examined under a petrological microscope in 

transmitted polarised light. Identification of the 

minerals present in a sample is carried out by consid- 

ering crystal shape, cleavage plains, and the optical 

properties in plane polarised light (Tite, 1972,218). 

Thin section petrology is particularly useful where 

fragments of rock foreign to the area around a site 

can be identified in a pottery section. In these 

cases, trade in pottery can be postulated after allow- 
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ing for the possibility of the transportation of the 

'foreign' material by glacial drift. 

The study of mineralogical composition of pottery 

dates back to the late 19th century, when Bamps (1883) 

noted the importance of chemical analysis combined 

with mineral analysis. 

In Britain, thin section petrology was first applied 

to an archaeological problem by Peacock in the 1960s 

(Peacock, 1969A, 1969B) in his classic study of 

Neolithic and Iron Age pottery in the south-west of 

Britain. Peacock was able to demonstrate that an as- 

semblage of Neolithic vessels from Windmill Hill, and 

a group of curvilinear decorated Iron Age 'Glastonbury 

Ware' vessels were both made from gabbroic clay from a 

restricted area of the Lizard Peninsula in Cornwall. 

Peacock concluded that in each case the pottery had 

been made in Cornwall and distributed over a relative- 

ly wide region. 

In practice, the conclusions which can be drawn from 

petrological studies are often less spectacular, the 

technique being limited by such problems as the use of 

weathered materials by the potters, which can make 

mineral identification difficult (Williams, 1983A), 

and the similarities in clays over wide geographical 

areas. 
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Because of these difficulties, the petrologist often 

has to carry out more detailed analysis than the iden- 

tification of minerals in order to determine local 

manufacture or import, and many studies involve com- 

parison of the morphology, size and condition of the 

grains present in a pottery section with that in 

samples of clay from the area around a site. 

Pottery frequently contains few inclusions apart from 

quartz sand, derived either from the clay or added by 

the potter, and in such cases textural analysis may be 

the only way of predicting the source of the clay, or 

of separating the sherds into groups. Pottery made of 

clay from a certain deposit should contain sand grains 

of the same size distribution; for example, quartz 

grains from a vessel made from a boulder clay will 

tend to have a larger size range than those in a ves- 

sel made from a primary clay (Williams, 1983A, 304). 

Textural analysis was used by Peacock (1971) in a 

study of Roman coarse pottery from Fishbourne. Analy- 

sis of the morphology and quantity of quartz grains in 

the pottery revealed that the sandy grey wares from 

the site were probably all made at the same place, 

despite their variations in shape, whereas the mica- 

dusted and glazed wares were made in different 

centres. 
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peacock (1971) used four textural parameters in his 

study - percentage inclusions, roundness, spherecity 

and size. Hodder (1974) simplified the process in his 

study of two types of Romano-British pottery from West 

Sussex. He plotted the average size of the quartz in- 

clusions in a sample against the ratio of inclusions 

to clay matrix. Other approaches have included plot- 

ting grain size against frequency (Streeten, 1979). 

In some cases, neither mineral identification nor tex- 

tural analysis will separate pottery produced in the 

same area. Riley (1982) noted that due to the similar 

sedimentary geology of the area, local fabrics from 

different sites in Cyrenaica, Libya, could not be dis- 

tinguished petrologically, although they were charac- 

terised using neutron activation analysis. 

In the present analytical programme, in addition to 

identification of the minerals in thin section, 

recording of the relative frequencies of inclusions 

(App 15 and 18), point counting to obtain an estimate 

of the percentages of the minerals and rock fragments 

present in a sherd (App 16 and 19), and grain size 

measurement of the quartz grains to allow textural 

analysis of the fabrics (App 17 and 20), were also un- 

dertaken. A catalogue of the thin sections examined 

can be found in Appendix 14. 
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5.6.2 Sample Preparation 

A hundred thin sections were produced, 80 being pot- 

tery samples, nine local clays, and five clay samples 

recovered during excavation. (The clay samples were 

made into bricks and fired before prior to section- 

ing). 

The sections were produced commercially. The more 

friable sherds were first treated with two parts 

arldite to one part resin (HY219) and one part hard- 

ener (CY219). The pottery was covered in the mixture 

and heated to 60-80 C during which time the pores were 

impregnated with the resin. 

The sherds were then ground down to a few millimetres 

in thickness on 320 grade silicon carbide paper fol- 

lowed by 600 silicon carbide. The sections were at- 

tached to pre-ground glass slides with 2 part epoxy 

and heated for an hour before the final grinding down. 

The slides were analysed at x 100 magnification using 

a Vickers petrological microscope fitted with a 

calibrated graticule in the eyepiece. 

The quartz grains were described in terms of the shape 

of the individual grains. In addition, the following 
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were recorded: 

- whether the grains were monocrystalline (single 

crystals) or polycrystalline (a number of 

crystals in different orientations) 

- where the quartz was polycrystalline, the shape 

of the boundaries, either straight or sutured 

- whether the quartz grains exhibited uniform or 

undulose extinction, that is if the grains 

extinguished in one position on rotation of the 

stage, or over a range. 

classified according to the Udden-Wentworth scale - 

Size in mm Grain size term for rock Definition 

1 very coarse sand 
0.5 coarse sand 
0.25 medium sand sandstone 
0.125 fine sand 
0.0625 very fine sand 
0.312 coarse silt siltstone 
0.0156 medium silt 
0.0078 fine silt mudstone 
0.0039 very fine silt 

Table 7: The Udden-Wentworth scale for the 
classification of sedimentary rocks. 
(After Adams, r1acKenzie and Guilford, 
1984,3) 

The sandstone inclusions were, where possible sub- 

divided according to their quartz content (Fig 24). 

In addition to identifying the type of rock, the 

angularity of the inclusions was noted. The rocks 

were classified as rounded, sub-rounded, sub-angular 

and angular (Fig 25). 
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5.6.3 Qualitative ('Descriptive') Analysis 

After the initial identification, a list of all rocks 

and minerals present was drawn up and the composition 

of each section was described qualitatively. For each 

slide, the minerals and rocks on the list were de- 

scribed as absent, very occasional, occasional, fairly 

frequent, frequent or abundant, and coded from 0 to 5 

(App 15 and 18). The resultant relative data was par- 

ticularly useful in quantifying the smaller inclu- 

sions, such as mica, which because of their size and 

shape have less chance of being recorded by quantita- 

tive estimates. 

5.6.4 Quantitative Analysis 

various methods have been used in the quantitative 

analysis of thin sections. The main options are point 

counting, line counting, area counting and ribbon 

counting (Fig 26): 

a) Point Counting (Fig 26. a) 

In this method a grid is established across the 

section and each grain under a point is counted. 
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Each grain may be counted only once, regardless of 

how many points it encloses (single intercept 

counting), or it may receive a separate count for 

each point it encloses (multiple intercept 

counting). 

b) Line Counting (Fig 26. b) 

Line counting is a variation on point counting in 

which lines are 'drawn' at intervals across a 

section, and all grains intersected by a line are 

counted. 

c) Area Counting (Fig 26. c) 

In this method, a standard area is chosen, and all 

grains within it are counted. 

d) Ribbon Counting (Fig 26. d) 

Ribbon counting is a combination of line counting 

and area counting. A series of 'ribbons' are 

established, and all the grains with their lowest 

point within a ribbon are counted. The ribbons 

are separated by bands which are not counted. 

For archaeological thin sections, Middleton et al 

(1985) have advocated the use of either area counting 
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or ribbon counting, both of which produce a genuine 

number-frequency measurement, or point counting which 

produces a relative area measurement. They proposed 

that line counting should be abandoned as having 

little physical meaning. 

In the present analysis, it was decided that, in addi- 

tion to counting grains, the percentage of each sec- 

tion taken up by clay matrix should also be counted, 

in case quartz to matrix ratios were needed to dis- 

tinguish between clays. Thus area and ribbon counting 

could not be used, and the method chosen was multiple 

intercept point counting. 

250 points were counted on each slide, using the 

cross-hairs on the microscope eyepiece. A Swift Auto- 

matic Point Counter moved the slide on a regular grid 

under the microscope. Any inclusion measuring less 

than six divisions (0.028mm) was counted with the clay 

matrix. Organic remains and voids were counted with 

the matrix. 

If an inclusion merely touched the edge of the cross- 

hairs, it was only counted if above the cross-hairs 

(if touching the horizontal cross-hair), or to the 

left (if touching the vertical cross-hair). The data 

is presented in Appendices 16 and 19. 
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5.6.5 Textural Analysis 

In addition to point counting, grain measuring was un- 

dertaken so that the clay constituent of the pottery 

could be defined more accurately. As quartz was the 

major component of each section, and from comparison 

with the clay samples was believed to be naturally oc- 

curring rather than added, it was chosen for measure- 

ment. Fifty quartz grains were measured in each sec- 

tion. Up to 150 grain measurements per section have 

been made in some studies, for example, in Betts' 

(1985) investigation into brick and tile in York, but 

after trial replicates with 50,100 and 150 counts, 50 

points were found to give a good estimate of the size 

distribution of the Pool samples. 

Although some researchers prefer to present their data 

in phi (0) units, the data from the present study is 

presented in metric units (App 17 and 20). An ad- 

vantage of the phi scale (0 = log d where d is the 

diameter of a grain in millimetres) is that it com- 

presses the size range (Betts, 1985,66). This is 

often necessary for geological work where the inclu- 

sions can range from large stones to fine silt, but is 

of little advantage in ceramic petrology where the 

range of inclusions is relatively small (Leese, 1982). 
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The quartz grains were measured and the frequency of 

grains in each 'class' (increments of 0.023mm - see 

App 17 and 20) recorded. 

For each sample of fifty quartz grains, a frequency 

and then a cumulative frequency graph was drawn (Fig 

27). The cumulative frequency graphs indicated two 

different grain-size distributions representing a 

coarser clay (Matrix 1), and a finer clay (Matrix 2). 

The samples were compared statistically using the 

Kolmogorov-Smirnov Test (Miller and Kahn, 1962), which 

tests dissimilarity at the point of maximum difference 

between the cumulative frequencies. 

The Kolmogorov-Smirnov statistic is defined as - 

D= Max S, 
_ 

Sz 

t1 iN2 

where, D is a measure of the 'distance' between the 

distributions, and 

S/N is the standardised cumulative frequency, 

i. e. the cumulative frequency (expressed as a 

decimal fraction) divided by the number of 

individuals in the distribution (Gregory, 

1963,181-8). 

D is then compared with the significant critical 

value, which depends on the number of grains counted 
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(N), 50 in the present analysis. For significance at 

the 95% level, the significant critical value is - 

1.36 x /N1 + NZ 

Ni N2 

Using these tests, each of the 80 pottery thin sec- 

tions, and nine clay thin sections were compared 

against each other, and the results represented 

graphically in a matrix (Fig 28), a dot indicating 

that the samples are 'not dissimilar' at the 95% sig- 

nificance level. The samples in the matrix are ar- 

ranged in archaeological period both along the 

horizontal and vertical axes, and the matrix is sym- 

metrical along the bottom left to top right diagonal. 

Along the horizontal axis, the macroscopic classifica- 

tion has been noted along with the period to which a 

sample belongs. The 'pattern' which the dots produce 

for each sample reading from bottom to top can be 

regarded as the 'textural finger print' of that 

sample. The results are discussed in Chapter 6. 
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SECTION C 

RESULTS 



CHAPTER 6 

RESULTS 

6.1 SERIATION 

6.1.1 Introduction 

Following are summaries of the information from the 

recording of the individual sherds from pool (see Chap 

5.3). Percentages are in terms of minimum vessels 

rather than number of sherds. The coded data for each 

sub-phase is listed in Appendix 21. A list of the 

phases and sub-phases can be found in Table 2. 

6.1.2 The Neolithic Pottery 

The Neolithic pottery assemblage from Pool comprised 

approximately 10,000 sherds weighing 100 kilogrammes 

and representing an estimated 1900 vessels. 

The tip deposits associated with the Neolithic phases 

of occupation of the site provided a well-stratified 

sequence. The pottery will be considered according to 

167 



Hunter's phases and sub-phases, the sub-phases cor- 

responding to structural change within the phase. 

The Neolithic Phases at Pool are Phase 1 (1.1 and 

1.2), Phase 2 (2.1,2.2 and 2.3) and Phase 3 (3.1 and 

3.2). 

Phase 1.1 

Phase 1.1, the black tipping above the natural, was 

only sampled during excavation (See Chap 5). Conse- 

quently there are very few sherds, only 50, probably 

representing as many vessels. Given the low number of 

sherds, any conclusions must be tentative. 

The assemblage from Phase 1.1 comprises 43 body sherds 

" and 7 rim sherds, including three examples of 'Unstan 

Ware' (Fig 29). Where method of manufacture could be 

determined, all the vessels were hand-made, by coil- 

construction. 

From the lowest spit two sherds of Unstan Ware (6696) 

decorated with deeply incised lines were recovered. 

One of the sherds has a series of parallel lines and 

the other has two sets of parallel lines going in dif- 

ferent directions. The sherds are from a finely made 

vessel, 0.7cm thick and well fired. 

The other decorated sherds from Phase 1.1 came from 
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the fifth spit and the first (top) spit. The sherd 

(6630) from the fifth spit has three parallel lines of 

corded decoration and is again finely made (0.5cm 

thick) and from an Unstan type rim. The rim sherd 

(6666A) from the top spit has two rows of cord- 

impressed decoration. 

Apart from the Unstan rims there are five further 

rims, four of which appear to have come from shallow- 

rimmed bowls, the fifth (6587) being from a more 

upright vessel (this sherd was perforated). 

Only two sherds show signs of surface finishing: one 

(658.3) is burnished on the exterior, the other (6589) 

is possibly slipped. 

Phase 1.2 

The pottery from this sub-phase (the structures on 

the black tips) is very similar to the pottery from 

Phase 1.1. The assemblage comprises 225 sherds (20 

rim, 1 base and 204 body sherds), representing 97 ves- 

sels. 

Because of the abraded nature and small size of the 

sherds, as in Phase 1.1, it is difficult to 

reconstruct vessel types. There are a variety 

of rim forms (Fig 29) - nine vessels represented by 
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plain rims, one each of tapered and 

everted, splayed, inner-lipped, and 

two vessels with flattened rims, as 

example of Unstan pottery (5754) de 

collar with deeply incised parallel 

(Fig 31). 

flattened, 

rounded, and 

well as one 

corated on the 

diagonal lines 

Apart from these rim sherds there are only two 

decorated sherds. One is 5763/4 (Fig 31), a 

rounded rim decorated 3cm below the lip with 

finger impressions at regular intervals around 

the circumference of the vessel. The fabric of 

this sherd is coarser than that of the Unstan Ware - 

it has 20% of rock inclusions whereas the Unstan 

pottery, like that from Phase 1.1, is untempered. 

The only other decorated sherd in the sample is 

945, which has a carination. 

Surface finishing was usually by smoothing while a 

vessel was still wet, but there are three burnished 

sherds, including the Unstan sherd. 

The clay most often used in Phase 1.2 was secondary 

clay (Matrix 1) (Fig 41). Forty-five percent of the 

sherds were untempered - the clay must have been 

coarse enough to fire well without the addition of 

temper (Fig 42). There are only six cases where un- 

tempered primary clay (Matrix 2) was used - it may 
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, 
have been too plastic for 'untempered' firing (Fig 

43). 

Phase 1.2 has a wider variety of rims and decoration 

than Phase 1.1, but this may be due at least in part 

to the larger sample of Phase 1.2. 

Summary of Phases 1.1 and 1.2 

Phases 1.1 and 1.2 produced the only examples of Un- 

stan ware from the assemblage. Apart from the Unstan 

Ware, the vast majority of the pottery is undecorated. 

An increase in the variety of rim types in Phase 1.2 

was noted. 

Both primary and secondary clays were used in each 

phase, but in Phase 1.1 there was a heavier reliance 

on primary clays (see Figs 41,42 and 43). Given the 

limited number of sherds in Phase 1.1, it is possible 

that the assemblage did not change significantly be- 

tween Phases 1.1 and 1.2. 

Phase 2.1 

With Phase 2.1, the composition of the assemblage 

changes. Again the sample is small - 212 sherds, 

representing 35 vessels. 
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There are no Unstan rims in Phase 2.1. The amount of 

rock-tempered pottery decreases and there is a cor- 

responding increase in shell tempered pottery, which 

now comprises 46% of the assemblage as opposed to 16% 

in Phase 1.2 (Fig 42). 

Only one sherd (4978) is decorated, exhibiting traces 

of some incised parallel lines. There is one base 

(5470), part of the basal angle of a flat based ves- 

sel, and one beaded rim (4928A). Given the limited 

number of diagnostic sherds, there is little to give 

the impression of vessel shape. Judging by sherd 

thickness (2.5cm in the case of 5392), some of the 

vessels were large. 

Both secondary clay (Matrix 1) and primary clay 

(Matrix 2) were used - 28% of the vessels being made 

from secondary clay and 72% of primary clay (Fig 41). 

There was no correlation between the amount or type of 

temper and clay type. From sooting on the exterior 

and interior of both tempered and untempered vessels, 

functional division was not related to fabric (Appen- 

dix 21). 

Phase 2.2 

The sample from phase 2.2 comprised 1226 sherds 

representing 208 vessels. 

172 



In the sample there is only one sherd with rock 

tempering (5338C). It is decorated with a rill and 

groove indicating contamination from later levels. 

Some 67% of the vessels in this phase are shell- 

tempered; the remainder untempered (Fig 42). 

The finer cliff section clays were preferred and com- 

prise 79% of the assemblage (Fig. 41). There is no 

correlation between clay type and presence or absence 

of temper; sooting and clay type; or sooting and ves- 

sel thickness. 

A large variety of vessel types is represented in 

Phase 2.2 (Fig 30), the smallest being a 'thumb pot' 

(5106). There are five 'baggy' vessels" - from two 

complete profiles (5152 and 5102). These seem to be 

about 10 to 15cm high and 12 or 13cm at the rim, 

narrowing to a base only 5-6cm in diameter. 

From some of the thicker body sherds (for example 

5338B), it seems that larger vessels were also made. 

The majority of these thicker walled vessels (some 

with walls as thick as 2.2cm) had shell tempering 

(Fig 44) presumably because the fine clays would 

otherwise have shattered during firing due to the 

build up of steam within the vessel walls. The method 

of manufacture was coil construction with N-shaped 
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junctions. 

There is a variety of rim forms. Twenty-one are plain 

or tapered, seven interior lipped, three flattened, 

seven inward sloping and two inverted (Fig 29). The 

bases are all plain and angled (sixteen examples). 

Decorated sherds include one example of possible 

painted decoration (5103), a small U-shaped decoration 

in black near the base of the vessel. There are eight 

examples of incised decoration - one random, two chev- 

ron type, two curved lines, four parallel or straight 

lines (Fig 46). Both shell-tempered and untempered 

pottery were decorated. 

Phase 2.3 

The assemblage from Phase 2.3 (the major structural 

sequence including the red tipping) comprises 4600 

sherds representing about 617 vessels. Primary clays 

continued to be favoured - 75% of the vessels were of 

Piatrix 2. 

Again the assemblage is dominated by shell-tempered 

wares, but 13% of the vessels are rock tempered (Fig 

42). These vessels are however concentrated in only a 

few contexts, the majority coming from contexts 0905, 

0979,1130,2478 and 2831. Their decoration, style 
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and fabric is of the type dominant in Phase 3.1, and 

the sherds probably represent contamination from the 

levels above. 

Many of the sherds in Phase 2.3 are abraded, squashed 

or burnt, and it is difficult to identify vessel 

types, but some general comments can be made. Flat 

plain-angled bases continue to dominate the assem- 

blage, comprising 44 examples. There is only one ex- 

ample of a rounded base. 'Baggy' vessels were still 

made: 12 were identified, along with one 'tulip- 

shaped' vessel (3867), a variation on the baggy style. 

There was also a thumb pot and a barrel-shaped vessel 

(Fig 30) .. 

Plain rims are the most frequent type (19 examples), 

but inverted and flattened rims are also well 

represented. There is one new rim form which has a 

groove along the lip. In addition there are inner 

lipped, beaded and inward sloping rims (Fig 29). 

In many cases, because of the condition of the sherds, 

the diameters of the rims and bases could not be 

estimated, but it appears that as in Phase 2.2 there 

was a great variety in size and shape from a tiny 

thumb pot (4897) 2cm in diameter to a large urn-type 

vessel (3867) with a 4cm thick base, 1.6cm thick 

walls, and 18cm diameter. 
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There is no correlation between the occurrence of 

sooting and vessel type or fabric (App 21). 

The predominant decoration of Phase 2.3 is incised. 

There is a great variety of decoration, ranging from 

the neatly zoned decoration of vessel 1046 (Fig 32) - 

which has (from the rim down) two horizontal lines, a 

band of chevrons lined with stab marks with a finger 

impression in the centre, two parallel lines with 

diagonal lines between, a zig-zag line and a horizon- 

tal line just above the base - to the randomly incised 

lines of vessel 5066A (Fig 33a). Some vessels are 

decorated with curved lines (eg 4084A), or a combina- 

tion of straight and curved lines (eg 3871, Fig 34); 

others are decorated with groups of dots (eg 4597), 

dots and chevrons (5061, Fig 35b), chevrons and V's 

(4367, Fig 33b) or bands of chevrons (eg 4732, Fig 

35a). 

The more intricate designs seem to be on thinner 

walled vessels (less than lcm), with thicker vessels 

decorated with more simple, random or parallel 

lines. 

Summary of Phases 2.1,2.2 and 2.3 

most of the vessels in these phases are shell- 
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tempered, especially the thicker vessels (Fig 42 and 

44). The condition of the pottery suggests that it 

was very low-fired, and it is probable that the shell 

acted as an inert filler. 

There are no examples of Unstan sherds or finger- 

impressed sherds. Where decoration occurs it is 

by incision. From Phase 2.1 there is only one 

incised sherd. There is more decoration in 

Phase 2.2, including parallel lines and curved 

lines, and a further increase in the number of 

decorative forms in Phase 2.3 with the introduction 

of dots and zoned decoration. 

Baggy vessels are common in Phases 2.2 and 2.3 but 

flat-based, angle-sided vessels dominate the assem- 

blage in both phases. 

Phase 3.1 

This phase is the major structural sequence including 

the black tipping. The sample of pottery examined 

comprises 3180 sherds representing 830 vessels. The 

assemblage is markedly different from the pottery of 

Phase 2.3 in terms both of fabric, form and decora- 

tion. Whereas the Phase 2.3 assemblage is dominated 

by shell-tempered wares, the Phase 3.1 assemblage 

is dominated by heavily rock-tempered wares, 75% 
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of the vessels being rock-tempered, 20% untempered, 

and only 5% shell-tempered (Fig 42). It is possible 

that the shell-tempered wares were residual from 

Phase 2.3. Both secondary and primary clays were 

used, the assemblage dividing 55% secondary clay 

(Matrix 1), to 45% primary clay (Matrix 2) (Fig 41). 

Rock tempering (crushed sedimentary rocks) was domi- 

nant (see 6.2). 

In this phase the most common vessel is flat-based, 

either bucket-shaped (18 examples) or with angled 

sides (69 examples). In general the walls of these 

vessels are thinner than those of the flat-based ves- 

sels of Phase 2.3. There are also three examples of 

barrel-shaped vessels, and the only two examples of 

rectangular vessels (3539 and 3670A, Fig 38). There 

are no examples of the 'baggy' vessels common in Phase 

2. 

Flattened, inward sloping and plain rims continue to 

be represented (Fig 29), but a new form, the scalloped 

rim (eg 3283B, 3760A, Figs 37 and 39) is also common. 

Less common but also new forms are the 3-D scalloped 

rim (5845) and the notched rim (eg 3671A). 

The decoration is also very different. Incised 

decoration almost disappears, the favoured mode of 

decoration being applied decoration of various types 
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(Fig 47). Among the decorative forms is 'ladder' 

decoration - two horizontal parallel rills around the 

top of a vessel with vertical applied rills between 

them (eg 3283A, Fig 36), lattice decoration comprising 

applied rills in a honey-comb pattern (eg 3516A, Fig 

40b), trellis decoration ('entwined' applied rills, eg 

3283C, Fig 40c) and fish-scale decoration formed from 

overlapping inverted 'V's (eg 4144A). Some vessels 

have parallel or branching applied rills (eg 3670A Fig 

37). Where there is incised decoration, it is usually 

a deep groove in a thick slip. 

There is no correlation between decorative form and 

rim type; in fact, it is unusual for any two vessels 

to have the same combination. Innovation rather than 

repetition seems to have been the concern of the pot- 

ters. On some vessels (eg 3514B, Fig 38b) decoration 

extends to the base, and on one vessel (6005) even the 

interior of the base is decorated with applied rills. 

Sometimes the rills themselves are incised (eg 3998A, 

Fig 40a) and there is one case (6489) of incision 

along the top of a rim. 

The extent of the sooting on the sherds suggests that 

many of these highly decorated vessels were used as 

cooking vessels. 
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Phase 3.2 

From Phase 3.2 (the structures cut into the black 

tips), a sample of 400 sherds was examined, represent- 

ing 80 vessels. The breakdown of fabric types is very 

similar to Phase 3.1, that is untempered 17%, rock- 

tempered 81% and shell-tempered 3% (Fig 42). In gen- 

eral, the amount of temper increases with vessel 

thickness (Fig 45 - this includes measurements from 

Phase 3.1). Secondary clays (Matrix 1) were more 

often used (66%) than primary clays (Matrix 2) (Fig 

41). 

Phase 3.2 is probably a continuation of Phase 3.1. 

There are similar decorative styles and rim types. 

Bucket shaped bases are the only bases represented - 

there are seven examples in the sample. The most com- 

mon rim form is the plain rim (five examples) and the 

scalloped rim (four examples) with one example each of 

inverted and flattened rims. The only new decorative 

form is texturing by finger-nail impressions (6327). 

There is no relationship between fabric and typology 

and the presence or absence of sooting. 

Summary of Phases 3.1 and 3.2 

These phases witness a complete change in pottery 
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styles, fabric and decoration from Phases 2.1,2.2 and 

2.3. There is a decrease in the use of primary clays 

(Fig 41) and pottery heavily tempered with rock frag- 

ments dominates the assemblage, while shell is no 

longer used as a temper (Fig 42). Whereas most of the 

pottery in Phase 2 is decorated with incised patterns, 

the majority of pottery from Phase 3 is decorated with 

applied rills in a finer fabric, or incisions made 

into a thick slip. Flat-based straight and angle- 

sided vessels are most common, with the baggy vessels 

common in Phase 2 being absent. 

Summary 

The Neolithic pottery from Pool divides into three 

chronologically distinct groups, beginning with Unstan 

pottery in the earliest phase (Phase 1), followed by 

shell-tempered pottery with incised decoration (Phase 

2) which was in turn succeeded by heavily rock- 

tempered pottery with scalloped rims and applied 

decoration (Phase 3). Both decorated and undecorated 

vessels were used as cooking pots, and there was no 

apparent relationship between fabric and presence or 

absence of sooting. 

The implications of the changes in the sequence are 

discussed in detail in Chapter 7. 
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6.1.3 The Late Iron Age and Norse Pottery from Pool 

The following discussion relates to the pottery from 

phases 5.1 to 8.2.3 at Pool (see Table 8). Although 

similar pottery was found in Phases 4.1 and 4.2 (the 

abandonment phases), and Phase 9 (topsoil), it has not 

been included in the discussion, because the pottery 

was mixed with Neolithic pottery in the former case, 

and was uncontexted in the latter. 

Phase No. of sherds No. of vessels 

8.2.3 24 21 
8.2.2 16 16 
8.2.1 9 7 
8.1 73 64 
7.2 533 375 
7.1 340 271 
6.7 443 323 
6.6 50 39 
6.5 428 187 
6.4 396 211 
6.3 116 87 
6.2 79 68 
6.1.2 120 72 
6.1.1 115 55 
5.2 72 59 
5.1 30 27 

Table 8: Late Iron Age and Norse pottery : number of 
sherds and vessels per phase. 

The pottery from the late Iron Age phases contrasts 

sharply with the Neolithic pottery. Although, like 

the Neolithic pottery, it is hand-thrown as opposed to 

wheel-thrown, it is much better fired and more finely 

made. Most of the vessels are coil-constructed with 

N-shaped junctions. 

182 



Some of the vessels (for example 3732F, Phase 6.3) 

have fine parallel striations indicating that a 

tournette was used in the forming process. Many of 

the vessels have a firing margin which could be mis- 

taken for a slip, but which has been caused by the 

oxidation of their outer surfaces during firing. 

Throughout the late Iron Age phases, the predominant 

fabric is untempered clay. The clay most often used 

was the coarser secondary clay (see Table 9), approxi- 

mately twice as common as the finer primary clays. 

The natural quartz was presumably enough to allow the 

successful firing of the vessels (Table 10). 

Phase Matrix 1 Matrix 2 

8.2.3 48 52 
8.2.2 69 31 
8.2.1 57 43 
8.1 73 27 
7.2 76 24 
7.1 68 32 
6.7 68 32 
6.6 67 33 
6.5 61 49 
6.4 70 30 
6.3 68 32 
6.2 46 54 
6.1.2 64 36 
6.1.1 73 27 
5.2 68 32 
5.1 63 37 

Table 9 : Percentage of Matrix 1 (secondary clay) 
and Matrix 2 (primary clay) in each 
sub-phase. 
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Fabric 

121+ rock 2+ rock 1+ org 2+ org 
Phase 

8.2.3 38 29 - 10 10 13 
8.2.2 31 13 31 - 6 19 
8.2.1 29 14 14 - 14 29 
8.1 60 25 13 - 1 1 
7.2 60 16 14 - 2 8 
7.1 57 23 7 1 4 8 
6.7 63 26 1 - 4 6 
6.6 64 33 - - 3 - 
6.5 56 32 - - 5 7 
6.4 63 24 3 - 3 7 
6.3 61 24 2 - 5 8 
6.2 40 44 2 - 4 10 
6.1.2 57 28 1 6 6 2 
6.1.1 45 20 27 6 - 2 
5.2 53 22 15 9 - 1 
5.1 63 15 - 22 - - 

Table 10 : Percentage of fabric type in each 
sub-phase. 

A similar range of vessel types is found throughout 

the late Iron Age phases. The majority of sherds are 

from either globular vessels (Fig 51) or straight- 

sided, barrel-shaped (Fig 50A) or sloping-sided ves- 

sels with flat bases (Figs 48,49). Some of the ves- 

sels have a straight neck. There are two thumb pots - 

3032 (Phase 6.4) and 2447 (Phase 6.7). The latter is 

complete in profile and is 3cm high. Neither thumb 

pot is well fired or shows any trace of use, and they 

are probably the results of children's modelling. 

The main rim forms recorded were plain, rolled (the 

top coil rolled over and left rounded) (Fig 53B), 

beaded (the top coil rolled over and squared off) (Fig 
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52A), everted (the top coil turned outwards) (Fig 

52B), inverted (the top coil turned inwards), flat- 

tened (the top coil levelled off), rounded (the top 

coil bulbous in section) and outward-sloping (the top 

coil sloped steeply towards the exterior). 

Figure 48 summarises the various rim types recovered 

from late Iron Age and Norse contexts. Where only one 

or two types are represented, for example in Phases 

5.1 and 5.2, it is generally because the amount of 

pottery recovered was limited. Phase 5.1, for exam- 

ple, has only 30 sherds of pottery. 

The basal types for the same periods are summarised in 

Figure 49. Rounded bases are probably under- 

represented, as it is difficult (unless large sherds 

survive) to tell them from, for example, a rounded 

shoulder. It is possible that straight-sided vessels 

and splayed bases (Fig 50C) were only made in the 

later Iron Age phases (Phases 6.5 to 8.1). 

There is no correlation between vessel type and 

presence or absence of sooting; it is probable that 

all had multiple uses. 

The pottery was seldom decorated, but the vessel ex- 

teriors were often burnished, sometimes almost to a 

polish. Polishing is always applied to fewer vessels 
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than burnishing (Table 11). Burnishing and polishing 

were carried out on both Matrices 1 and 2 (Table 12). 

All types of vessels were burnished and polished. 

Where vessels were not burnished they were often given 

a final smoothing over with wet hands prior to drying. 

Phase % Burnished % Polished 

8.2.3 
8.2.2 
8.2.1 
8.1 10% 2% 
7.2 8% 1% 
7.1 19% 4% 
6.7 26% 9% 
6.6 13% 11ö 
6.5 29% 6% 
6.4 41% 8% 
6.3 23% 8% 
6.2 50% 12% 
6.1.2 32% 17% 
6.1.1 26% - 
5.2 27% 2% 
5.1 45"ö 7% 

Table 11: Percentages of burnished and polished sherds 
for each sub-phase. 

In some cases, for example 3242A, Phase 6.4, the inte- 

rior of the vessel was burnished, perhaps to provide a 

'non-stick' finish. Many of the burnished vessels 

have a black outer surface, and from microscopic exam- 

ination it seems that this was not always the result 

of sooting, but may have been achieved by burnishing 

soot into the surface (see Chap 5). 

By the interface phase there is a decrease in the num- 
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ber of vessels which were being burnished. In Phase 

7.2, for example, only 8% of the 375 vessels were 

burnished. 

Phase Burnished Polished 
Mat 1 Mat 2 Mat 1 Mat 2 

8.2.2 
8.2.1 
8.1 5 5 2 - 
7.2 6 2 1 - 
7.1 12 7 4 - 
6.7 20 6 7 2 
6.6 8 5 8 3 
6.5 20 9 3 3 
6.4 33 8 6 2 
6.3 16 7 6 2 
6.2 29 21 6 6 
6.1.2 22 10 10 7 
6.1.1 15 11 - - 
5.2 20 7 2 - 
5.1 37 8 4 3 

Table 12: Percentage of sherds in each phase burnished 
or polished - split into matrix groups. 

Apart from burnishing and polishing there was little 

embellishment of vessel surfaces. One sherd (3233) in 

Phase 5.1 has incised parallel lines. Phase 6.4 pro- 

duced one sherd (2467) with finger-nail marks and one 

sherd (2390) with a striated surface, but it is not 

certain that either of those were the result of 

decoration rather than manufacture. Phase 6.5 has two 

decorated sherds - 2340C which has several shallow in- 

cised lines in the interior, and 2732B which has pos- 

sible combed decoration, but again this could have 

resulted from surface finishing. One sherd (2904(1)) 

in Phase 6.7 has clear parallel lines incised on the 
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interior of the neck. In Phase 7.1,1904 has small 

incised random lines, and 2573 has three incised 

parallel lines, while 2792 again has possible combed 

decoration. Sherd 1794 (Phase 7.2) has four incised 

parallel lines on the exterior of the vessel and sherd 

1710 is another example of possible combed decoration. 

In addition to these examples of possible incised 

decoration, one sherd (3358, Phase 6.3) has an applied 

zig-zag. This sherd is almost certainly from an ear- 

lier Iron Age vessel. Sherd 2385 (7.2) has a carina- 

tion, as do two sherds (3665A and 3355A) in Phase 5.2. 

There is only one example of convincing painted 

decoration -a wavy line on sherd 3799 (Phase 6.7). 

1594 (Phase 8.1) has a possible glaze/paint mark but 

is less convincing as deliberate decoration and could 

have resulted from food splashes. 

It is generally accepted that pottery was not made by 

Norse settlers until the 12th century, when coarse 

handmade vessels, characterised by the use of grass 

temper and similar to vessels found in Norway, appear 

in the archaeological record (Laing, 1973,189). 

Grass tempered pottery is found at Pool, in similar 

styles to the vessels from the developed Iron Age on- 

wards. However, the proportions of grass-tempered 

pottery in the assemblage (Table 13) indicates that it 

cannot be attributed to Norse occupation. In phase 
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6.2 to 6.5, grass tempered pottery comprises between 

10% and 15% of the assemblage. Thereafter it never 

reaches more than 8%, and in the Norse period proper 

(8.1) it comprises only 3%. After Phase 8.1, although 

there is an apparent increase in the amount of organic 

tempered pottery, there is only a very small number of 

sherds. 

Period % Grass-tempered pottery 

8.1 3 
7.2 8 
7.1 8 
6.7 7 
6.6 3 
6.5 13 
6.4 10 
6.3 13 
6.2 15 
6.1.2 8 

Table 13: Percentage of grass-tempered pottery per 
phase. 

If grass-tempered pottery was introduced with Norse 

occupation, we would perhaps have expected the reverse 

of these figures with the frequency of organic 

tempered wares increasing during the interface period. 

It is probable that the interface pottery continues 

the tradition of the developed Iron Age and that the 

sherds from the Norse levels are residual pottery from 

these levels, the reduction in the amount of pottery 

corresponding to an increased use of steatite vessels. 

To summarise, there is little change in pottery styles 
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or technique of manufacture throughout the late Iron 

Age at Pool. Both primary and secondary clays were 

used in all phases, but there was a bias towards the 

use of secondary clays. Both types of clays and all 

types of vessels were burnished or polished, and there 

is no obvious functional division, sooting being ob- 

served on a range of vessel types and on all fabrics. 

Organic tempering was used from Phase 6 onwards and 

cannot be attributed to Norse settlement on the site. 

There was a general decline in the amount of pottery 

in use in the Norse period. 

The sequence is discussed further in Chapter 7 (Dis- 

cussion and Conclusions) 

6.2 PROVENANCING 

6.2.1 Results of the Clay Survey 

Although there are many deposits of primary and 

secondary clays in the area around Pool, not all would 

have been suitable for pottery manufacture. Some ap- 

peared claylike when wet, but cracked on drying, many 

of the boulder clay samples falling into this 

category. The boulder clay was very mixed and al- 

though it would have been possible to locate pockets 

of clay good enough for potting, it seems more prob- 
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able that the degraded siltstone deposits from the 

cliff section and perhaps stream bed deposits would 

have been preferred. 

Some samples, for example Al, Cl and D (from the cliff 

section) were very similar microscopically to many of 

the later Iron Age (Pictish) sherds, having around 50% 

quartz inclusions. Other samples from Area C such as 

C5 and C6 were similar to many of the softer micaceous 

fabrics throughout the various phases of the site. 

In Appendix 3 the samples are catalogued with a des- 

cription of their colour, firing properties and the 

pottery fabric to which they most closely correspond. 

6.2.2 XRF Analysis of Clay Samples 

Appendices 12 and 13 list the results of the XRF anal- 

ysis of the clays and Table 14 presents the mean and 

standard deviations for the XRF analysis of the ele- 

ments in clay groups A to E. The most obvious dis- 

tinction is in the low silicon and high potassium and 

strontium values for the clays in Group C. The higher 

potassium values are probably due to the micaceous na- 

ture of the clays from this area. 

Cluster Analysis (CLUSTAN - Ward's Method plus the 
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relocate option) was used to analyse the XRF data. As 

can be seen from the dendrogram (Fig 54), a principal 

division was noted between Groups 1 to 4 on the one 

hand, and Group 5 on the other. The samples from Area 

C clustered (Group 5) apart from sample C8. This is 

probably because, being primary clays formed from 

sandstone outcrops, they exhibit less variation in 

composition than secondary clays. As has been noted 

already, these samples had a high mica content and 

very few inclusions. 

These observations are reflected in the mean and stan- 

dard deviations for the XRF results of elements in 

CLUSTAN groups 1 to 5 (Table 15). Group 5 is dis- 

tinguished by having higher potassium and strontium 

mean values and lower chromium and silicon mean values 

than the other groups. Sample C3 had a higher sodium 

content than the other samples in Group 5, but its 

overall composition was closer to Group 5 than to the 

other groups. 

The only sample from Area C not clustering in Group 5 

was C8, which had already been visually distinguished 

as having a higher quartz content than the rest of the 

samples in the group. C8 has a higher silica content 

and lower iron content than the other samples from 

Area C (Appendix 5 and 6). Group 4 is characterised 

by a higher mean silica value and a lower mean iron 
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value than the other groups. The high quartz sand 

content (>80%) for three out of the five samples in 

Group 4 had already been noted microscopically. This 

group also had a higher manganese content than the 

other groups. 

Seven of the nine samples from Area B comprise the 

whole of Group B. These were noted as having a mud- 

like consistency and sandstone inclusions. Their dis- 

tinguishing characteristic is their high chromium con- 

tent. 

Group 2 was a mixed 

similarity could be 

out of four samples 

is reflected in the 

value for potassium 

Group 5. 

group for which no overall 

found visually apart from three 

having a high mica content. This 

CLUSTAN results with the mean 

for Group 2 being second only to 

Finally, the samples from Group 1 were visually dis- 

tinguished as being mainly mudlike with little mica 

and various inclusions, including sandstone. Group 1 

has the lowest potassium content of all the groups, 

and also the lowest aluminium content. They are a 

mixed group of samples, some having been augered from 

the boulder clay. 

One important point to emerge from the microscopic 
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study and the XRF results was the variation which can 

occur between samples taken from different depths at 

the same point, for example, A9, A10 and All. A9 was 

classified microscopically as matrix 2, having fine 

quartz and high mica and A10 and All as having coarser 

quartz and less mica. These visual differences were 

reflected in the XRF analysis with A9 clustering in 

Group 2 and A10 and All into Group 1. Similarly A7 

and A8, also from different depths at the same point 

appeared in different subgroups on the basis of dif- 

ferences in their mica content. B3, B4 and B5, again 

from the same point, were all classified as having 

coarse quartz, infrequent mica and sandstone inclu- 

sions, but as B3 clustered in a different subgroup to 

B4 and B5, visual inspection in this case did not pre- 

dict the outcome. 

To summarise, in the area around pool, the differences 

in the clay samples identified microscopically were 

reflected to a great extent in the XRF results, which 

appeared to depend primarily on the presence and ab- 

sence of mica (high or low K), and the presence or ab- 

sence of quartz sand (high or low Si). Although there 

was very little variation in the mean values of five 

of the elements in the group (Na, Al, Ti, Rb, Zr), 

some individual differences, such as the relatively 

high chromium content of Group B, were highlighted. 

The variable XRF results from samples from the same 

194 



location but different depths illustrated one of the 

difficulties in trying to match clay sources with pot- 

tery samples. 

% Oxide concentrations 

NA MG AL SI 
A 2.7*_ 0.6 5.5 ±1.5 18.2 ! 1.4 61.4± 4.2 
B 2.6± 0.3 5.9 ±0.8 21.0 ±1.5 62.71 2.1 
C 3.8 ± 4.7 7.5 1.7 20.8 ±4.2 52.7±1 1.6 
D 1.8 8.7 20.3 60.5 
E 2.9`_ 0.3 4.9 ±0.4 17.5 ±0.4 66.3± 4.1 

K CA TI MN 
A 4.0 0.4 1 .2 ± 0.0 9 0.9 ± 0.1 0.1 *_ 0.0 4 
B 4.1 0.2 1.1 ±0.03 0.9 ±0.1 0.1± 0.01 
C 5.9*_ 1.3 3.7 *_4.6 0.8 *_0.2 0.1± 0.04 
D 4.9 1.3 0.9 0.2 
E 4.4 ± 0.4 1.1 ±0.04 0.7 ± 0.1 0.1t 0.03 

FE 
A 5. R ± 2.4 
B 7.1 ± 1.4 
C 7.5 ± 3.0 
D 8.6 
E 5.8 ± 0.2 

ä Elemental Concentrations 

CR RB SR ZR 
A 0.04 1 0.01 0.02 ± 0.01 0.03 1 0.002 0. 04*_ 0 . 01 
B 0.07 ±0.02 0.01 ±0.01 0.03 10.002 0. 04±0 . 01 
C 0.03 t O. 02 0.01 t o. 01 0.07 t o. 03 0. 03±0 . 004 
D 0.04 0.01 0.03 0. 03 
E 0.05 t 0.01 0.01 ± 0.002 0.03 ± 0.001 0. 04±0 . 002 

Table 14: Means and standard deviations of oxide and 
elemental concentrations for clay samples in Areas A 
to E, determined by XRF. 
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% Oxide Concentrations 

NA MG AL SI 
1 2 .8 t 0.3 4 .9 ± 0.6 17.4 ± 0.6 62 .8±4 .1 
2 1.9 ± 0.1 8.0 ± 0.8 19.7 ± 0.5 58.3 ± 1.7 
3 2.6 ±0.3 6.1 ±0.8 21.3 ± 0.7 62.7±2.4 
4 2.8 ±0.6 4.9 ±0.8 19.7 ± 1.9 66.0± 3.1 
5 4.2 ±5.4 7.8 ±1.5 21.0 ±4.5 50.7±10.7 

K CA TI MN 

1 4.0 _±0.4 
1.2 ±0.10 0.8 ±0.10 0.08± 0.02 

2 4.7 ±0.2 1.3 *_0.10 0.9 ±0.03 0.15±0.04 
3 4.2 ±0.2 1.1 ± 0.02 0.8 ± 0.05 0.07 ±0.01 
4 4.5 ±0.6 1.2 ±0.05 0.9 ±0.23 0.03±0.01 
5 6.0 *_1.4 4.1 ±4.80 0.8 ±0.18 0.12; 0.03 

Fe 
1 6.2 ± 1.1 
2 80 0.9 
3 7.6 ± 1.0 
4 2.5 ±1.1 
5 8 .1 ± 2.4 

Elemental Concentrations 

CR RB SR ZR 
1 0.05±0 . 01 0.01±0.002 0.03±0.001 0.04±0 . 003 
2 0.04±0 . 01 0.01±0.002 0.03±0.002 0.03±0 . 004 
3 0.08±0 . 02 0.01±0.002 0.02±0.002 0.04±0 . 005 
4 0.04±0 . 02 0.02±0.004 0.03±0.004 0.04±0 . 006 
5 0.03±0 . 02 0.01±0.003 0.08±0.025 0.02±0 . 003 

Tabl e 15 : Means and standard deviations of oxide and 
elemental concent rations for clay samples analysed by 
XRF, accor ding to CLUSTAN gro ups. 

6.2.3 Results of Elemental Analysis of Pottery 

Figures 55,56,57,58 and 59 are two examples of 

dendrograms from the cluster analysis of the XRF and 

ICPS data. Many other data sets - selected elements, 

normalisation to elements, etc., were analysed by 

CLUSTAN, but as they added no extra information they 

have not been included. 
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Analysis of Pool Samples 

Figure 55 is a cluster analysis of all the samples 

from Pool analysed by XRF. The samples are coded by 

phase. The dendrogram splits into three major groups, 

but there is no overall grouping which would cor- 

respond to phase. The Neolithic samples, for example, 

are scattered throughout the three groups. Nor do the 

burnished samples (marked with a line) form a discrete 

group. There is certainly nothing to suggest that 

they are 'foreign' to the site. 

Figure 57 is a summary of a cluster analysis of all 

the samples from Pool analysed by ICPS. The 

dendrogram divides into three main groups. The first 

group comprises only Iron Age samples, but other late 

Iron Age samples are dispersed throughout the second 

and third clusters. There is no clustering of the 

Iron Age burnished samples. Again, with the Neolithic 

samples, most occur in the third cluster, but there 

are other examples in Groups 2 and 3, mixed with Iron 

Age samples. 

Some of the late Iron Age samples were considered in 

more detail. Figure 59 is a dendrogram of the analy- 

sis by ICPS of 40 late Iron Age samples from Pool : 20 

Hatrix 1 (primary clay), and 20 Matrix 2 (secondary 
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clay). There are two main clusters, but within, a mix 

of both groups of samples. 

Fig 56 is a dendrogram of the cluster analysis of 20 

untempered sherds identified by microscopic examina- 

tion as Matrix 1 and 20 identified as Matrix 2, 

analysed by XRF. Here there is more division. There 

are two main clusters. Ten of the Matrix 2 samples 

comprise one cluster. The others are dispersed 

throughout the other sub-groups of the other cluster. 

The reasons for this are further discussed in Chapter 

6.4. 

Analysis of Iron Age Samples from Northern Iron Age 

Sites 

The dendrogram of the cluster analysis for samples 

(analysed by ICPS), from Pool, Howe and Skaill on 

Orkney and Crosskirk in Caithness (Figure 58) shows 

some sub-groups, for example, 18 Howe samples occur in 

Cluster 5, but there is no overall patterning with 

respect to site. 

Figure 60 is a plot of the XRF values for Rubidium and 

Strontium (chosen from discriminant analysis) for late 

Iron Age samples from various samples in the north of 

Scotland and the Northern isles, including the first 

30 samples from Pool. No clear pattern emerged, al- 
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though it would seem that Pool samples have in general 

higher values for both Rb and Sr than do the samples 

from Howe. 

Figure 61 is a plot of Potassium versus Titanium for 

the same samples plotted in Fig 60. Again there is no 

overall pattern, although the Pool samples have lower 

Titanium values than the majority of the vessels from 

Howe. 

6.2.4 Summary 

The lack of overall grouping of the sites suggested 

that the variation within the clay sources being used 

on one site was just as great as the variation in the 

clays from different sites. Even by looking only at 

pairs of discriminating elements, it was impossible to 

differentiate between sites. This was put down to the 

similarities in geology over the area (see Chapter 7). 

Given the difficulties in discriminating between 

sites, it perhaps was not surprising that even if dif- 

ferent clay sources had been used over the different 

periods at Pool, these changes could not be discerned 

by XRF analysis. 

It was hoped that the extra elements analysed by ICPS 

analysis would help in distinguishing the pottery from 

different sites. However, as with XRF, no overall 
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groups were identified, in terms of presence or ab- 

sence of burnishing, fabric type, period or site. The 

possible reasons for this are discussed in detail in 

Chapter 7. 

6.2.5 Thin Section Analysis 

Identification 

On identification of the minerals and rock fragments 

present in the thin sections, the untempered sherds 

and clay samples were found to contain quartz (mainly 

monocrystalline), iron rich 'opaques', feldspars 

(plagioclase, orthoclase and microcline) and, in most 

cases, mica. The main component was quartz, the ma- 

jority of samples containing a mixture of rounded and 

angular grains (Plates 1 and 2). 

Where rock tempering had been used, the majority of 

inclusions identified in thin section were sedimentary 

rocks, either sandstone, siltstone or mudstone. In 

some cases it appeared to be in the form of mixed 

gravel, for example TH53 which contained a mixture of 

sandstone, siltstone and mudstone. In other cases it 

is more likely that one piece of rock was crushed and 

added, as in TH79 which contained only sub-angular in- 

clusions of micaceous mudstone (Plate 3). 
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Occasionally shell or calcitic material was present, 

probably a deliberate addition. In some sherds, voids 

indicated the former presence of grass and burnt out 

shell, often, from their proportions, thought to be 

deliberately added (Plates 4 and 5). 

Qualitative Analysis 

A sample of the data from the qualitative analysis of 

the pottery and clays (App 15 and 18) was analysed 

using cluster analysis (Ward's Method) (Fig 62). The 

data was largely subjective, and regarded as a first 

estimate of the quantities of inclusions present, but 

several groups were isolated. Sub-group 2 of Cluster 

1, for example, comprises ten samples of untempered 

sherds of Matrix 2, while Sub-group 4 of the same 

cluster comprises only clay samples from the cliff- 

section. Cluster 2 comprises, apart from one sample, 

boulder and secondary clay samples and pottery samples 

identified as Matrix 1. However, in the latter case, 

the analysis did not distinguish between samples with 

added temper and those without. 

Cluster analysis of the point count data (Fig 63) 

separated the samples largely into a 'tempered' (Group 

1) and an 'untezpered' group (Group 2), isolating as 
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very different sample TH50, which contained both cal- 

cite and shell. 

Grain-size Analysis 

Although in the macroscopic and microscopic study of 

the sherds, two clay types, Matrix 1 and Matrix 2, had 

been identified, these were not separated using the 

point count data. It was hoped that measurement of 

the quartz grains and analysis of the data would 

quantify the differences apparent from the microscopic 

and macroscopic studies. 

The data for the measurement of the quartz grains for 

60 samples was tested using cluster analysis (Fig 64). 

Two distinct groups were produced, one containing 41 

samples, all but two of which had been classified by 

eye as matrix 1, and the other containing 19 samples, 

all of which had been classified as Matrix 2. 

The cumulative frequencies of the size distributions 

of 80 of the samples were then analysed using the 

Kolmogorov-Smirnov Test (See Section 5.6), and the 

results presented in a matrix (Fig 28). As has been 

stated above a dot indicates that two samples are 'not 

dissimilar' at the 95% significance value, and each 

vertical line can be regarded as the 'textural finger- 
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print' of the sample listed on the horizontal axis. 

The samples are arranged according to phase, and the 

Matrix identified microscopically is also listed. 

To the right of the pottery matrix is a further group 

of nine samples, representing clays sampled near the 

site, again compared with the pottery samples. The 

clay samples show two very different distributions, 

samples Al, A7, B3 and B6 corresponding to secondary 

or boulder clays, and samples Cl, C3, C4, C7 and D 

corresponding to primary clay from the cliff section. 

The boulder clay 'pattern' matches pottery Matrix 1, 

and the cliff section pattern matches pottery 

Matrix 2. 

From the samples analysed by grain size measurement, 

it appears that both secondary or boulder clay and 

primary clays were used for pottery production in all 

periods of occupation on the site. 

Beneath the matrix (Fig 28), a tick indicates that the 

macroscopic classification was confirmed by the grain 

size analysis, whereas a question mark indicates that 

a sample does not match either the boulder clays or 

the primary clays, but seems to have similarities to 

both. This could indicate either a completely dif- 

ferent clay source, or the mixing of two sources by 

the potters. 
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Summary 

All the rock types present in the sections - mud- 

stones, siltstones and sandstones - can be found in 

the vicinity of the site. Although such sedimentary 

rocks are also found throughout many of the Orkney Is- 

lands, their presence close to the site of Pool, along 

with the textural evidence that local clays were used, 

suggests that the pottery from all periods was 

manufactured on or near the site. 

Neither textural analysis nor point counting indicated 

any trends over period or pottery type, and from the 

data it would appear that potters from the various pe- 

riods of occupation of the site used whatever material 

was to hand in producing their vessels. 

A major problem with the cluster analysis of 'descrip- 

tive' or point counting data from a set of samples is 

that the cluster programme will highlight small dif- 

ferences in the data, regardless of whether they would 

be considered archaeologically meaningful. For exam- 

ple, the presence of a small piece of shell in one 

sherd out of a group could result in this sample being 

highlighted as an 'outlier' to the rest of the group, 

whereas it may be purely a 'potter effect' and not ar- 
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chaeologically relevant. 

Where, as in the case of Pool, the differences in fab- 

rics lie in the relative size distribution of quartz 

inclusions in the matrix rather than the presence or 

absence of various mineral or rock inclusions, point 

counting is of no use in distinguishing between the 

samples. However, cluster analysis of the textural 

data for the pottery and clays gave a good indication 

of the trends ultimately observed in the comparative 

matrix (Fig 28), and if time had been limited would 

have provided, in conjunction with the mineral identi- 

fications, enough information to indicate that the use 

of two clay sources of different textures was causing 

the visible fabric differences. 

In the case of Orkney, the similarities in geology 

from one island to another made it difficult to source 

pottery to an island, far less to a clay source within 

an island, using elemental analysis. Grain-size anal- 

ysis of the pottery sections, combined with identi- 

fication of the rocks and minerals in thin section was 

found to be most useful in defining the fabrics in 

Pool's assemblage. 
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6.3 Interpretation of the Site 

Neolithic 

When the three main types of Neolithic pottery had 

been related to phase, it was noted that the three 

different sequences of tip deposits each had an asso- 

ciated pottery type, and that any overlap was in the 

interfacing contexts. This confirms the hypotheses 

that the sequence of tip deposits were the result of 

three different occupations of the site. 

Abandonment 

The pottery of the 'abandonment' phase is a mixture of 

Phase 3 Neolithic and Iron Age sherds, indicating that 

the site was ploughed by the first of the Late Iron 

Age occupants, only disturbing the final Neolithic 

levels. Due to the underlying tip deposits, the site 

would have been more fertile than the surrounding 

land, and this may have attracted the new settlers. 

Iron Age/Norse 

Whereas many of the sherds recovered from the 

Neolithic deposits represented over a quarter of a 

vessel, the Iron Age pottery, despite being better 

fired, was recovered as small sherds, indicating that 
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the deposits were more disturbed and reworked than the 

Neolithic tips. This deduction is supported by the 

rebuilding and repartitioning noted in the Late Iron 

Age structures (See Section 2.3.6). 

6.4 Problems in the Analysis of Coarse Wares 

Comparison of the results from the XRF, ICPS and thin 

section analysis of the pottery samples from Pool 

highlighted some of the difficulties inherent in the 

analysis of coarse handmade pottery assemblages. 

One major problem was the inability of the XRF and 

ICPS analysis (Figs 55,56,57,58 and 59) to dis- 

tinguish between either of the fabrics identified mac- 

roscopically, or even in some cases to distinguish be- 

tween tempered and untempered sherds. 

To consider the problem more closely, the ICPS data 

from 51 pottery sherds (also analysed in thin section) 

was analysed using Ward's Method of cluster analysis 

(Fig 65). When the percentage of inclusions present 

in the sherds (obtained from the thin section analy- 

sis) was considered, it was observed that one main 

cluster (the upper group in Fig 65) comprised samples 

with little or no added temper, while the other 

cluster comprised a mixture of tempered and untempered 
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sherds, both apparently giving similar analytical 

results. Table 16 compares one of these heavily 

tempered sherds, P235 (TH40) with an untempered sherd, 

P26 (TH13). 

P235 P26 
30% inclusions untenpered 

Si02. 75.9% 75.6% 
A1203 11.1 11.2 
Fe2O3 3.8 3.9 
t1g0 1.4 1.6 
Na20 2.5 1.8 
K,. 0 2.4 2.6 
TiO2 0.4 0.4 
PiOs 1.6 2.2 
MnO 0.03 0.02 

Table 16 Comparable chemical compositions of 
tempered and untempered sherds (after 
MacSween et al, 1988,103) 

The explanation for the similarities in composition is 

that the temper being used was sedimentary rock, 

similar to the rocks which formed the clays from which 

the pottery was made. Thus the temper was actually a 

'solid' form of the clay, and so temper addition did 

not affect the chemical composition of clays derived 

from the cliff section (MacSween et al, 1989,103). 

Likewise, Matrices 1 and 2 were chemically indis- 

tinguishable, because, from thin section identifica- 

tion, Matrix 2 seems to be merely a finer version of 

Matrix 1. Relatively pure mineral inclusions such as 

quartz or calcite will dilute the absolute concentra- 

tions of other oxides and elements by an amount pro- 
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portional to the percentage of inclusions present 

(Olin and Sayre, 1971,200, MacSween et al, 1988, 

103). When the data is then analysed using cluster 

analysis, groups unrepresentative of the fabrics ob- 

served by eye can occur. 

An experiment was carried out to look at dilution and 

its effect on discrimination among samples, by adding 

known amounts of temper to four clays and then analys- 

ing them by XRF. The temper chosen was a beach 

deposit of different elemental composition to the 

clay. It contained some shell and had an average com- 

position of 2.5% Nap, 4% Ali03 , 50% Si0 and 26% CaO 

(the remainder being carbonates from the shell, un- 

detected by XRF). 

To each of the four clays, (two clays from Sanday, a 

primary clay from Skye and a commercial earthenware 

clay from the south of England) beach sand was added 

to give final proportions by weight of 10%, 20%, 30%, 

40% and 50% of the whole. The samples were made into 

bricks and fired, and portions of each were made into 

pellets as for the archaeological samples (App 1). 

The pellets were analysed by XRF (App 11) and the 

results analysed by Ward's method of cluster analysis 

(Fig 66). 

Two of the clays, the Skye clay and the English earth- 
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enware were similar in composition, and the other two 

clays, from Sanday, were chosen because they differed 

in composition from each other (Appendix 11). Adding 

the beach sand did not affect the 

elemental separation of the two Sanday clays (Fig 

E. 31) . 

The two similar clays were, however, split by the 

cluster analysis into two groups (Fig E. 31) determined 

by the amount of beach sand in the samples. The 

temper addition had the overall effect, in the similar 

clays, of raising the content of Na1O and CaO, and 

lowering that of Fe, i03and Alz0j, cluster analysis 

grouping the samples according to high or low levels 

of temper. Those samples with lower amounts of temper 

were grouped in the same cluster as the Sanday clays, 

while those with higher amounts of temper were grouped 

in a separate cluster. This highlights the dif- 

ficulties of attributing pottery to a source by 

elemental analysis without thin section analysis to 

aid in interpreting the results. 

It was suspected that some of the groupings of 

analytical results within the Pool pottery may have 

been due to variations in the amount of quartz present 

in a sample, either naturally occurring or added in 

the form of sandstone (the lower silicon values for 

the cliff section clays had already been noted - Sec- 
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tion 6.2.2). One way to establish whether variation 

is due to straight dilution by one mineral is to plot 

pairs of elements associated with the clay. If varia- 

tion is due to the dilution of clays of similar com- 

position, elements associated with the clays would be 

expected to lie along a 'trend line' when plotted 

against each other. 

Figure 67 is a plot of the aluminium versus scandium 

contents of the samples in the cluster analysis Fig 

65. Although most of the points lie along the trend 

line, suggesting a dilution effect, a number of 

samples do not, and the 'line' cuts the aluminium axis 

at around 4% rather than at zero as would be expected 

with a mineral containing neither aluminium or 

scandium. This indicates that the effect of other 

minerals present in both the clays and sandstones, 

such as the potassium and aluminium rich feldspars 

were causing loss of analytical separation between 

visually different fabrics 
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SECTION D 

DISCUSSION AND CONCLUSIONS 



CHAPTER 7 

DISCUSSION 

Because of the various aspects - archaeological, tech- 

nological and analytical - covered in the study, the 

discussion is split into five sections: 

a. Seriation - the interpretation of function and 

change from the pottery assemblage of a site using 

pottery technology and morphology. 

b. Provenancing - the implications of the 

provenancing studies. 

c. Interpretation of the Site of Pool - the 

interpretation of occupation of the site 

from the pottery sequence. 

d. Problems with the analysis of coarse pottery - 

considerations in its application. 

C. Archaeological implications of the study of the 

pottery from pool. 
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7.1 SERIATION, MORPHOLOGY, TECHNOLOGY, FUNCTION 

AND CHANGE 

Introduction 

As has been stated above (Chap 6.1), the pottery as- 

semblage from Pool comprises a Neolithic sequence of 

three main phases (Unstan Ware, shell tempered/incised 

decorated pottery and Grooved Ware), and an Iron Age 

assemblage of burnished and unburnished sandy wares, 

and grass-tempered pottery. 

a) Technological Attributes: Chronology and Function 

All the pottery from Pool was handmade, usually by 

coil construction. Some of the late Iron Age pottery 

has parallel striations which look like those of a 

wheel-thrown pot. However, the vessels are not as 

regular in shape as wheel-thrown vessels, and do not 

show the characteristic rilling which denotes wheel 

throwing. A stand which could be turned by the feet, 

a tournette, may have been used in their final finish- 

ing. 

Scraping was used in both the Neolithic and the Late 

Iron Age to thin out the walls of vessels. In the 

Late Iron Age grass was occasionally wiped over the 

surface of a vessel. There was no evidence for the 
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use of a paddle and anvil. 

Primary and secondary forming methods were, then, 

chronologically insensitive. Firing methods had im- 

proved greatly by the late Iron Age - higher tempera- 

tures must have been reached as the vessels were much 

harder than the Neolithic vessels, and, along with 

presence of burnishing in the Late Iron Age sherds, 

allowed attribution of undiagnostic body sherds to ei- 

ther the Neolithic or the Iron Age periods. Fabric 

analysis was the most successful method of dis- 

tinguishing between the sherds from each of the 

Neolithic phases. In addition, the Phase 3 Neolithic 

pottery was often slipped, whereas the pottery from 

the first two phases usually had no surface treatment. 

The burnishing of Iron Age vessels may have been a 

functional trait as much as an aesthetic attribute. 

Haaland (1978,56) in her study of pottery from Jidad, 

Western Sudan, noted that there was some difference in 

surface finish depending on vessel function. Cooking 

pots were well burnished, with short wide necks. 

Three different types were in use, for cooking milk, 

meat and porridge, but the difference was only in 

size, not shape. Pots for holding water were dif- 

ferent in shape, and less burnished. Furthermore, 

smaller vessels were used for carrying, and larger 

ones for storage. 
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About 10%ofthe Iron Age pottery from Pool was burnished 

highly, to a polish. In these cases the burnishing 

was probably at least partly aesthetic. Examples of 

both burnished and unburnished pottery were sooted, 

indicating that burnishing was a technique applied to 

vessels destined for a range of uses. 

Fabric type may indicate function. In general, the 

functional requirements of a vessel for cooking or 

heating are good resistance to thermal shock and low 

permeability. Most types of vessels can be used to 

store solids, but in the storage of liquids, low 

permeability is required to minimise loss (Rye, 1981, 

26). 

it is unlikely that the shell-tempered pottery from 

the second Neolithic phase at Pool could have been 

used for the heating or storage of liquids. However, 

the higher temperatures at which the Iron Age grass- 

tempered pottery was fired have resulted in the voids 

being much smaller and liquid storage and cooking was 

probably possible. 

Morphology and Function 

Throughout the Pool assemblage, circular vessel shape 

was predominant. There are only rare examples of rec- 
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tangular or square vessels in the Pool assemblage, in 

the late Neolithic phases. Circular forms are easier 

to produce, as they can be made by the coil method 

rather than by slabbing. 

A globular vessel is more resistant to mechanical and 

heat shock than a flat-based vessel, as the corners 

are eliminated, and if used for cooking allows more 

even heating. However, Woods (1986,159) has pointed 

out that flat-based cooking pots are just as common in 

British prehistory, and it is very probable that both 

vessel types had multiple uses. In the recent past, 

the globular Scottish 'craggans' (Cheape, 1983) were 

used in the Hebrides for churning (McLellan Mann, 

1908,326-7), for boiling meat and preserving ale 

(Martin, 1884,2) and for making fish oil (Ross, 

1895). 

In the Pool assemblage there was no correlation be- 

tween morphology and presence or absence of sooting in 

either the Neolithic or Iron Age phases. Some exam- 

ples, each of bucket-shaped and baggy-shaped vessels 

in Phase 2, for example, were sooted. Given the shape 

of the baggy vessels it is probable that they had to 

be supported in a stand on the fire, or sat in the 

ashes as Peter Hill (pens comm) suggest for the thick- 

walled Iron Age vessels from Broxmouth which they 

think served as slow cookers. All shapes of Iron Age 
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vessels had both sooted and unsooted examples. 

Thickness may be related at least in part to function. 

Thick walls are advantageous in storage vessels as 

they keep moisture out, while thin-walled vessels may 

have been preferred for cooking as they will heat up 

more quickly than thick-walled vessels. Thickness may 

vary over one vessel. Bases, for example, are often 

thicker than walls as they are subject to more 

stresses. Some pots were thickened at the lip as this 

is where they are most easily chipped. At Pool, there 

was no apparent correlation between vessel thickness 

and presence or absence of sooting. Vessel thickness 

seemed most closely related to vessel size, the larger 

vessels in general having thicker walls. 

Rim shape can often indicate a vessel's function, an 

everted rim, for example, makes pouring easier 

(everted rims were the dominant type in the Late Iron 

Age). An interior lip (common in the Neolithic phases 

at pool) indicates that a stone or wooden lid may have 

fitted inside a vessel, while an exterior lip facili- 

tates the use of a cloth or skin cover. The decora- 

tive notched and scalloped rims of the Phase 3 

Neolithic are impractical and easily broken and must 

have been primarily decorative. 

In her analysis of Pool's coarse stone assemblage, 
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Clark (forthcoming) noted that the stone pot lids of 

the Neolithic measured between 5.5 and 27cm in 

diameter, with most between 8 and 18cm. Those that 

were burnt around the edges on both faces measured be- 

tween 13 and 23 cm in diameter, with only one outside 

this range at 8.5 cm. It is possible that the larger 

lids were used on cooking pots and the smaller ones on 

storage vessels, suggesting that the storage vessels 

had narrower necks. Unfortunately, in most cases the 

rim sherds were too distorted for diameters to be 

measured, but given the presence of sooting on all 

vessel types, the difference in diameter between the 

sooted and unsooted potlids could have been due to the 

" unsooted lids fitting inside the rim, resting on inte- 

rior lips (phases 1 and 2) or interior 'shelves' 

(Phase 3) (see Fig 48). This would account for both 

the smaller diameter, and the lack of sooting around 

the edges. 

Where the vessel shape of Late Iron Age vessels could 

be determined, it appears that the globular vessels 

generally had everted or rolled lips while more 

straight-sided vessels tended to have plain lips. 

This may be indicative of function, with the everted 

lipped vessels, which are best for pouring, perhaps 

being used for the heating and storage of liquids, and 

the straight-sided ones being More suited to the cook- 

ing and storage of solids; it is easier to stir or 
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spoon out the contents of a more open-necked vessel. 

Several of the sherds from the Pool Late Iron Age as- 

semblage were perforated. Cracked vessels can be 

repaired by boring a hole on each side of a crack and 

pulling the crack together with vegetable fibres. 

Alternatively the perforations could indicate that 

certain vessels were suspended, perhaps for long-term 

storage of fish or meat. West Highland craggans were 

perforated if they were used for churning. The crag- 

gan was filled with cream, covered and rocked between 

two women. The gases generated soon after churning 

began would burst an unperforated vessel (McLellan 

Mann, 1908,326-7). 

Decoration 

Certain changes in decoration can indicate a tech- 

nological development. Van der Leeuw (1976) has sug- 

gested that some of the patterning effects on beakers 

were primarily technical, and due to the use of a wrap 

as a support in the building up of a vessel wall. By 

supporting a vessel over its whole surface, a vessel 

wall can be made thinner more easily. 

There is nothing in the Neolithic pottery fron Pool to 

indicate a technological reason for the decoration but 

the method of decoration adopted in the later 'applied 
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decoration phases' may have resulted from a change in 

manufacturing techniques. The heavy rock-tempering in 

many of the vessels from Pool (also noted at several 

sites including Skara Brae and Rinyo) would have made 

it almost impossible to incise decoration into a ves- 

sel wall. Applying decoration in the form of rolled up 

strips of clay, or incising it into a thick slip are 

the most practical alternatives. 

Although there are broad similarities among the ap- 

plied Grooved Ware assemblages from the Orkney is- 

lands, there is a great deal of individuality in ves- 

sel shape and decoration from one site to another. 

The pottery from Rinyo and Skara Brae, for example, 

has a high percentage of applied bosses, absent at 

Pool apart from one example (3724, phase 3.1). At 

Skara Brae the decoration on some of the vessels ex- 

tended over much of the exterior of a vessel, whereas 

at Pool it was largely confined to the upper part. 

Clore work is needed before it can be suggested whether 

this represents local variation or a chronological 

distinction. 

Certain elements of both the incised and applied 

decoration are found repeated on buildings as well as 

other artefacts such as axes and stones, and it is 

possible that at least some of the motifs were sym- 

bolic. Richards and Thomas (1984) in their study of 
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the decoration on Grooved Ware pottery argued that if 

the decoration was symbolic, it follows that the 

structuring and combination of the various elements on 

a vessel may have conveyed ideas. They suggested that 

much of the variation in Grooved Ware decoration could 

be attributed to the use of a set of motifs by dif- 

ferent groups. While individual symbols may have been 

understood by all, their combination would have been 

used to express certain aspects relevant to a certain 

community. 

Within Pool's assemblage, rim types and decoration are 

seldom found in the same combination, suggesting that 

individuality was important. A similar situation was 

noted by Bunzel (1929) in her classic study of the 

pueblo potters of the south-west of America. Among 

the potters was a feeling that each vessel should be 

different. One potter said that designs were never 

copied from other potters, nor did the potters repeat 

their own designs. Motifs were conditioned by things 

familiar to the potters. Within the Zuni, for exam- 

ple, the two general associations predominating were 

the weather and ceremonies for controlling the weather 

(Bunzel, 1929,70). However, in the pottery of anoth- 

er group of pueblo potters, the Acoma, there was no 

trace of symbolism in the design, the motifs being de- 

scribed by their colours. 
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It is impossible to determine what may have been be- 

hind any motif or combination of motifs in prehistoric 

pottery. Lines between zones of decoration, for exam- 

ple, may have been more than a convenient form of 

division. For example, in Zuni pottery a line divid- 

ing the neck from the body of a vessel symbolises 'the 

road'. It represents the span of life, the life of 

the potter, and is always left unjoined. 

7.2 PROVENANCING 

The results of the provenancing studies indicated that 

the pottery from Pool could have been made at the 

site. There was nothing to indicate that any of the 

pottery had been brought from a distance. It was 

noted that many of the Orkney Islands have similar 

rock outcrops and drift geology, and so in theory the 

pottery could have been made on a number of the is- 

lands. However, the close proximity of the site to 

suitable sources of raw materials and the presence of 

'wasters' on the site, suggests that the pottery was 

made at the site. 

7.3 INTERPRETATION OF THE SITE 

Most studies assume that stylistic change is sporadic, 
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with periods of stability followed by periods of rapid 

change (Plog, 1980,4-5). However, ceramic styles in 

different regions do not always change at the same 

time, which may confuse chronological ordering 

(Steponaitis, 1983,48). External influences and in- 

dividual innovations can cause alterations of one or 

more parameters - the choice of material, its prepara- 

tion, forming, finishing, and decoration - while the 

traditional background remains the same. Sudden 

changes in most of these elements would indicate an 

inflow of vessels either by trade, a new group on the 

site or new potters. It is most unlikely that potters 

on a site would master changes in technology and re- 

ject traditional methods at once. 

Continuity and discontinuity of pottery styles has 

been used by Hulthen (1976) to study change in the 

early pottery of Scandinavia. Pottery was first in- 

troduced into Scandinavia with the Mesolithic 

Ertebolle culture. This early pottery was grog- 

tempered and resistant to cracking under temperature 

fluctuations. Hulthen concluded that this was not the 

pottery of a community learning the rudiments of pot- 

ting, and suggested that it was brought in as a mature 

technique. Later in the sequence the technique was 

modified and rock temper was used instead of grog. 

This tradition of potting survived through the early 

and middle Neolithic Funnel Beaker Culture and during 
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most of Pitted Ware Culture. A completely new techni- 

que, using different clays and grog as temper, dif- 

ferent vessel shapes, decoration and firing practices, 

was introduced with the Battle-axe culture. No inter- 

mediary stages were observed, indicating a point of 

discontinuity in the sequence. 

The causes of 'culture change' most often quoted are 

environmental change, war, migration, population in- 

crease (external or internal) and trade. When the 

equilibrium of a population is disturbed, there may be 

a period of uncertainty before conditions stabilise or 

undergo a further change which results in a more 

permanent change of direction (Rice, 1984,2). 

Changes can affect pottery production in a variety of 

ways. Circumstances which disturb the equilibrium of 

a system can be either internally or externally gener- 

ated (Rice, 1984). Types of change include the sub- 

stitution of one element for another, the addition of 

new elements or the subtraction of elements. Change 

can be quantitative, an increase or decrease in the 

amount of pottery being produced, which does not fun- 

damentally alter the development of a system. The 

following comments are specific to handmade pottery 

for domestic use rather than mass-production for trade 

which involves many more factors. 

224 



a) Resources 

A major attraction of a site to a potter will be close 

proximity to a good source of clay. Although people 

will travel a distance to collect clays (for example, 

in the potting villages of Nsofang and Abijang, 

Nigeria, clay is carried from former settlements up to 

15 miles away (Nicklin, 1979,441,443)) it is assumed 

that a potter will use his nearest available source. 

The use of a certain deposit may change with the dis- 

covery of a better one, a change in land use (Gardner, 

1978,1), or the exhaustion of the deposit being used 

(Rice, 1984). In changing his clay source a potter 

may have to change a variety of other resources, for 

example, the tempering material. Occasionally a pot- 

ter may be forced, by loss of access to a certain clay 

bed, to change to an inferior clay source (Rice, 1976, 

108). 

b) Technology 

Change may occur because new tools are discovered, or 

a new technique is learned either by accident, or by 

observation of another potter. Although tradition 

will largely govern what is acceptable, occasionally 

an innovative individual may break with the estab- 

lished system (Bunzel, 1929,1). However, Nicklin 

(1971) has stressed that unless the advantages of a 
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new technique are very obvious, it is probable that a 

potter will continue to use his tried and tested meth- 

ods, as pottery manufacture does not involve a system 

of interchangeable elements and change in one sector 

will probably cause change in another. 

c) Fashion 

The symbols used to decorate pottery will often be de- 

pendent on a community's current beliefs and rituals 

as well as its traditions. If the beliefs which give 

the decoration its meaning change, either by contact 

or force, the decoration of vessels may change when 

they lose relevance to the community (Rice, 1984, 

246). 

d) Function 

Change in food types used, or different ways of pre- 

paring food, or storage needs may cause change in the 

types of pots produced or their manufacture (Rice, 

1984). 

Change in the Pool Assemblage 

From the thin section analysis of the Pool pottery 

loss of resources was probably not a cause of change - 
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both boulder and cliff-section clays were available to 

all groups on the site. Analysing change in pottery 

from a functional aspect was not possible as many of 

the vessels were Booted, possibly through secondary 

burning, and detailed analysis of residues would have 

been required. 

The pottery of Phases 1.1 and 1.2 at pool, indicate a 

coexistence of Unstan ware and shell-tempered pottery. 

By Phase 2.1, there is no Unstan pottery. Shell- 

tempered vessels survive and become dominant by Phase 

2.2 (Fig 42), but new vessel forms are introduced and 

there is an increase in the amount and variety of 

decoration. It appears that technological traditions 

were maintained while vessel form and decoration were 

adapted to new fashion traits. 

Comparison of the pottery from Phases 2.3 and 3.1, 

however, indicates not only changes in vessel type and 

decoration but also in technology. This suggests a 

radical change, and indicates that a new group of 

people were living on the site. It is unlikely that 

the group making the shell-tempered wares would have 

changed the form of vessels which they were producing 

and simultaneously mastered a new method of production 

different in terms of fabric and surface finish as 

well as decoration. It is most probable that the site 

was abandoned for a period, perhaps several decades, 
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before being reoccupied by the users 

tery. The radiocarbon dates are not 

cise to detect a time-difference of 

between Phases 2.3 and 3.1. Indeed, 

of the hiatus was a century or less, 

dating is unlikely to identify it. 

of the new pot- 

sufficiently pre- 

this order between 

if the duration 

radiocarbon 

Kinnes (1985,43) has argued that Grooved Ware should 

be seen as a national ceramic style contrasting in 

style and design with preceding and contemporary tra- 

ditions. The range and rapidity of its spread is only 

paralleled by those of Beaker pottery which spread 

from the Atlas Mountains to Northern Scandinavia and 

from Ireland to Poland in just a few centuries. 

Clearly the Beaker expansion cannot have been caused 

by a movement of people. It was probably the result 

of the spread of a cult (Burgess, 1980,52-4), possib- 

ly an intoxication cult. The widespread currency of 

Grooved Ware may have a similar significance, possibly 

associated with the same 'cult package' as the henges 

with which it is often associated in southern Scotland 

and England. 

Throughout the Iron Age the styles and methods of 

manufacture remained constant, with only a few minor 

typological changes such as the introduction of 

splayed bases in Phase 6.5. Norse occupation on the 

site does not seem to have had an effect on pottery 
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production initially with pottery still being produced 

in similar types and materials. It was not until the 

later Norse period (Phase 8.2.1) that pottery- 

production died out and steatite vessels became domi- 

nant. 

7.4 PROBLEMS IN THE ANALYSIS OF COARSE POTTERY 

7.4.1 Factors Affecting the Analysis of Coarse 

Pates 

As has already been stated, a major problem in the 

analysis of coarse pottery is to account for the vari- 

ation in temper type, grading and quantity which can 

occur within a sherd. All these factors have far- 

reaching consequences for the interpretation of the 

analytical data. 

a) The 'Potter Effect' 

Many of the diversities in analytical data can be at- 

tributed to the potter and his methods of manufacture, 

the 'potter effect'. It is probable, for example, 

that a potter's 'recipe' was not constant, and that 

temper was added to the damp clay as necessary. 

This was noted by Bunzel (1929) at Zuni in the South 
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West USA, a pueblo which she visited in the 1920s - 

"The tempering material is pulverised potsherds. 

Fragments of broken household pottery or sherds 

from neighboring ruins are ground to a fine 

powder on the metate and mixed with the fresh 

clay. Potters have no idea whatever of the 

proportions of tempering they use in the clay. 

In mixing the paste, they are guided entirely 

by their tactile sense. " 

Added to the problem of variation in temper is the 

problem that the same clay sources may not always have 

been used. In the Kabylia in North Africa, pottery is 

made once a year. The season begins with the collect- 

ing of clay - 

"Individually or in groups, they go out into the 

fields around the village, or to the riverbank, 

wherever they have seen a good bed of clay. If 

the bed is exhausted, they dig haphazardly in its 

vicinity, never very far away, since such a 

rustic manufacture is not very demanding and 

the quantity needed is for a very limited 

production". 

(Balfet, 1965,164) 

Different clays can also be 'blended' to make the most 
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of their plasticity, workability and firing 

properties. In western Sudan, the female potters of 

Kebkebiya, Darfur collect clay from three sources and 

mix it in equal proportions. Furthermore, the mixed 

clay receives a different temper depending on the part 

of the pot for which it is used. Clay for the body is 

mixed with millet husk, while that for the coil-built 

neck is mixed with donkey dung (Robert, 1982,4). In 

this case the use of different types and amounts of 

clays and tempers to form different parts of a vessel 

would cause further problems in obtaining a represen- 

tative elemental analysis of the vessel. 

All these 'potter effects' should be considered when 

analytical data is analysed. Rye (1981) concluded 

that- 

"The classificatory and control devices used by 

potters in the past have usually been far less 

precise than our facilities for analysing their 

results. Materials that vary widely according 

to our physical and chemical measurements may 

have been considered identical or 

interchangeable. " 

(Rye, 1981,27-28) 

It follows that samples for analysis must be chosen 

carefully, with similar fabrics being compared when- 
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ever possible. As has been stated by Stimmell et al 

(1986,417) - 

"Pottery is not just a fired clay. It is a 

man-made conglomerate with constituents drawn 

from a number of sources. This means that 

while it is possible to compare related groups 

of pottery with similar temper, determining 

the clay sources for these ceramics is far more 

problematic". 

Although the samples from the Pool pottery were care- 

fully chosen, there were difficulties in relating the 

elemental data to the actual vessels (Chapter 6.2.3). 

Theoretically it is possible for a combination of dif- 

ferent clays and tempers to lead to completely dif- 

ferent vessels appearing similar in compositional 

terms. For example, if a temper containing only Si, 

Fe, Ca and Mg is added to clay containing Si, Al, Na 

and Fe, the constant ratios would be Ca/Mg (restricted 

to temper) and Al/Na (restricted to clay). These two 

ratios would remain constant irrespective of the pro- 

portions of clay and temper, whereas the ratios of Si 

and Fe would vary (Rye, 1981,49). 

b) Geology and Clay Sources 

The comparison of pottery from various sites by 
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elemental analysis is only worthwhile if differences 

in local geology are sufficiently large to allow indi- 

vidual sites to be asigned their own 'chemical finger- 

print'. In Orkney, where geological deposits differ 

little over a wide area, it is hard to know whether 

similar elemental data from two sites represents the 

similarities in geology over the area or centralised 

pottery production. In addition, weathering can lead 

to variation within a clay source causing 'scatter' in 

the elemental results. Differential exposure of the 

parent materials to weathering may sometimes cause 

greater variation within a clay source than between 

geographically distinct sources (Rands and Bishop, 

1980,19-20). 

In looking at the data from chemical analysis, a 

cluster analysis using 20 or 30 elements may be too 

complex in trying to understand the problem and it may 

be more useful to plot pairs of elements, one against 

the other. By collecting data on the elements in this 

way, it is possible to identify the elements, both 

major and minor, important in grouping the data. The 

concentrations of major elements within clays are un- 

likely to differ by more than 20 or 30%, even with 

clays from distinct sources, whereas concentrations of 

trace elements may differ by a factor of 100 or more 

(Rye, 1981,48). 
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c) Burial Conditions 

Under certain conditions the composition of a sherd 

can alter during deposition. This was demonstrated by 

Freeth (1967) in a study of 28 sherds from Market 

Deeping in Lincolnshire. The pottery had been buried 

in a pit, which on excavation was found to be divided 

into two layers, the lower one being a brownish layer, 

and the upper one yellowish, the interface correspond- 

ing to the level of the water table. The sherds from 

the lower layer contained almost three times as much 

calcium as those in the upper layer. As the sherds in 

the pit had contained shell temper, water passing 

through the upper layer may have leached out the CaCO3 

while that of the sherds in the lower layer, in equi- 

librium with the surrounding anaerobic water, was not 

leached out. 

As well as the leaching, of some elements, the con- 

centration of other elements were enhanced during 

burial. Manganese staining was found in the fill of 

the pit. As the manganese content of all the sherds 

was found to be exceptionally high, it was assumed 

that this was due at least in part to contamination. 

Under reducing conditions, manganese goes into solu- 

tion as manganous oxide. If the pit contained organic 

material this would result in more highly reducing 

conditions than in the surrounding soil. Any 
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manganese in the deposit would go into solution and be 

redistributed. When the organic material had com- 

pletely decayed, and equilibrium was reached, the 

manganese would be redeposited (Freeth, 1967,112). 

From these examples, it is obvious that the choice of 

elements to be analysed should be made in conjunction 

with a consideration of the burial conditions of the 

material. 

d) Dilution 

A further problem in the use of XRF and ICPS is that 

certain components of a sherd, namely carbon, water 

and sulphides, are not accounted for. Carbon will be 

present in organic temper, but can also diffuse into a 

vessel during cooking, from fuel, and also from food 

cooked in the pot if allowed to reach its carbonising 

temperature (Thorneycroft, 1933,206). Sulphides, 

water and some carbonaceous material will occur natu- 

rally in the clay. The most simple way to correct for 

carbon, water and sulphides is to normalise the data 

to 100%. 

Summary 

To summarise, there are several important effects 

which should be borne in mind while looking at chemi- 

cal data and relating it to the archaeology: 
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- potter effects 

- weathering and variation within clay sources 

- variation within a sherd 

- geographical variations/similarities 

- leaching/enhancement of various elements 

- dilutants. 

Arnold (1981,33) has stressed that the problem with 

trace element data is that it is "several levels of 

abstraction removed from human behaviour and cannot be 

easily related to it". For all these reasons, in 

dealing with pottery data, human, ecological and 

burial factors should all be taken into consideration. 

Chemical groups are not an answer in themselves and 

need careful interpretation, just as the questions 

asked need careful formulation. 

7.4.2 Reconciling the Evidence 

As has already been discussed (Chapter 3) various 

problems are caused by reliance on a purely typologi- 

cal sequence when interpreting the pottery from a 

site. What would be defined by the archaeologist as a 

'type' is to the potter a 'repeat item', that is a 

certain shape of vessel which can be produced with a 

specific amount of clay (Van As, 1984). These 'repeat 

items' can vary significantly throughout the day -a 
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vessel made later in the day will be different from 

one made several hours earlier. By the end of the 

potter's working day, he may, for example, be making 

vessels with thicker walls for no other reason than 

his clay is drying out. 

In addition, if a potter encounters a problem during 

the forming of a vessel, remedial action may be taken 

which will change the shape of a vessel, sometimes 

enough to make the typologist classify it in a dif- 

ferent group. For example, if a potter comes across a 

large inclusion sticking out of the rim as he is about 

to finish it off, he may perhaps cut off the upper 

part of the rim making a smaller pot (Van As, 1984, 

136). In drawing up a typological sequence, the prob- 

lems of the potter should be taken into consideration 

when deciding on the degree of morphological change 

which is relevant. 

Likewise, the creation of too many fabric groups can 

be counter-productive, important trends in the data 

being masked by small differences in, for example, 

size or angularity of a certain temper type. It may 

be more useful to categorise fabrics by their tech- 

nological differences than by their mineralogical dif- 

ferences. With the Pool thin section and microscopic 

analysis, for example, all fabrics with over 10% of 

rock temper were grouped together, irrespective of 
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whether the temper was siltstone, mudstone or sand- 

stone, as all of these tempers would have had a 

similar effect on the properties of the pottery. If 

there had been, for example, another group of rock- 

tempered pottery containing igneous rocks, these would 

have been classified differently if it was felt that 

the igneous rocks would have caused a significant dif- 

ference in the properties of the pottery. The only 

fabric groups used in the technological analysis of 

the pottery from Pool (although the sherds were 

originally recorded in detail) were the two clay 

types, either untempered or with admixtures of rock, 

shell or grass. 

This approach was found to be very useful. Informa- 

tion from the technological sequence could be recon- 

ciled with the morphological sequence, which again had 

been kept general enough to account for day-to-day 

variations in production, to isolate points of con- 

tinuity and discontinuity in the sequence. 

Although the compositional analysis added little to 

the study, it is worthwhile to attempt to answer 

specific questions by analytical work. Elemental 

analysis should be accompanied by thin section analy- 

sis which can help in the interpretation of analytical 

data by identification of the minerals most likely to 

cause clustering of the data. For example, if mica is 
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present in quantity in only some sherds, potassium 

would be expected to be one of the main discriminating 

elements. 

As well as aiding interpretation of the analytical 

data and allowing comment on whether or not the pot- 

tery could have been made locally to a site, the thin 

section sequence should also be a technological se- 

quence identifying the properties which certain 

minerals would give a vessel. As Arnold (1980,148) 

has stated, it is the mineralogical factors rather 

than the chemical ones which are most closely related 

to a potter's ideas on the quality of his raw 

materials, and thin section analysis can help us to 

understand the degree of tolerance which was accepted 

in his additions. 

By accepting that the production of handmade pottery 

was probably not a carefully measured process, and 

that there would be considerable variation in vessel 

shape and fabric, it becomes easier to identify the 

likely points of continuity and discontinuity in a se- 

quence by concentrating on major changes in technology 

and/or morphology. 
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7.5 ARCHAEOLOGICAL IMPLICATIONS OF THE STUDY 

7.5.1 General 

The nature of pottery production at pool throughout 

the Neolithic and Iron Age periods must be inferred 

largely from negative evidence. There was no direct 

evidence for a kiln at Pool, but this does not mean 

that pottery was not being produced on the site. 

Coarse hand-made pottery will fire well on the 

domestic hearth or in a specially prepared bonfire, 

both indistinguishable in- the archaeological record 

from hearths used exclusively for heat and cooking 

(Rye, 1981,7). 

Nor would we expect to be able to recognise a potter's 

toolkit. The kind of tools necessary for the manufac- 

ture of handmade pottery are spatulas for smoothing, 

incising tools such as bone points for decorating and 

combs and burnishing tools, perhaps pebbles or 

leather. In Jidad, Darfur, Western Sudan, for exam- 

ple, the toolkit was as follows: a mat of vegetable 

fibres, two anvils made of dried clay, a rib-bone 

(usually cattle), a piece of oyster shell, a hammer- 

stone (water-rolled quartz), a separate water-rolled 

pebble used as a burnisher and a pointed tool for 

decoration (Haaland, 1978,54). There is nothing in 

this list which would survive in a way that would mark 
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it unequivocally as part of a potter's toolkit. 

Despite the lack of a recognisable hearth or toolkit, 

there are some indications that pottery was being pro- 

duced at Pool. The sources suggested for the clays 

and temper by thin section analysis (Chap 6.11.5) in- 

dicated local production. From the Neolithic levels, 

lumps of both unfired and partially fired clay were 

recovered, and the late Iron Age levels produced 

wasters, for example, 3237 (0698,6.5) a basal sherd 

spalled and deformed by heat. 

There are certain aspects, however, which cannot be 

inferred from the archaeology. It is not possible to 

tell whether pottery production was carried out on a 

day-to-day basis or if it was an annual event. In the 

Maghreb, for example, broken pottery is replaced once 

a year. The potters are not 'full-time' craftsmen, 

and the work is shared among the people of the settle- 

ments according to their ability and other commitments 

(Balfet, 1965). 

Nor is it possible to determine the social organisa- 

tion of the potters. Potting may have been a predomi- 

nantly male or female task, for example. In some 

societies there is a gender divide even in the use of 

pottery. The Azande of the Sudan live in a polygamous 

society, one in which the contrast of the sexes is im- 
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portant in every aspect of daily life. Pottery is 

kept around the women's hut, an area forbidden to the 

men. The only vessel kept in a man's hut is a small 

undecorated water pot. All the other vessels are 

decorated (Braithwaite, 1982). The archaeological 

data from Pool is of little help in determining social 

organisation. 

The total quantity of pottery produced at Pool was not 

estimated, for various reasons. One was that for 

certain phases, Phase 1 in particular, excavation was 

limited and there was no way of estimating the propor- 

tion of the occupation levels which had been un- 

covered. Furthermore, much of the Neolithic pottery 

appeared as red smudges in the tip deposits and was 

too poorly preserved to be recoverable. 

7.5.2 The Neolithic Phases 

From a preliminary look at the Neolithic pottery from 

the site, three main types were recognised -a limited 

number of Unstan sherds, shell-tempered pottery some 

with incised decoration, and rock-tempered pottery 

with predominantly applied decoration. As this was 

one of the best-stratified assemblages of Neolithic 

pottery from the Orkneys, and the only excavated site 

to produce all types of pottery, one of the most im- 

portant questions was whether the differences in the 
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assemblage represented chronological differences or 

functional differences within a limited time-span. 

Once the site had been phased, the pottery was found 

to represent a well-defined chronological sequence, 

with Unstan pottery and some shell-tempered pottery in 

the lower levels (Phase 1.1 and 1.2), shell-tempered 

pottery with incised decoration above (Phases 2.1,2.2 

and 2.3) and rock-tempered pottery with applied 

decoration or decoration incised into a thick slip in 

the uppermost of the Neolithic deposits (Phases 3.1 

and 3.2). 

This sequence is important for Neolithic studies in 

the Orkney islands for two reasons. Firstly it adds 

weight to the hypothesis that Unstan Ware is earlier 

in the sequence than 'Grooved Ware'. Secondly, it in- 

dicates that the simple Unstan Ware/Grooved Ware 

dichotomy is complicated by the existence at Pool of 

shell tempered/incised decorated pottery in levels in- 

termediate to the Unstan and applied Grooved Ware 

levels. 

Henshall, (Davidson and Henshall, 1989,65) in her 

study of pottery from chambered tombs in Orkney noted 

the presence of similar wares to the shell tempered 

pottery at Pool, which she described as having a 

'corky' fabric - "The fabric when unaffected by scor- 
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ching or weathering, is good and hard, but the inclu- 

sion of organic material or other soft material which 

has dissolved or burnt out..... has produced a corky 

texture in some of the pottery". In the present study 

the published data for Neolithic pottery was examined 

for mention of shell-tempered and incised decorated 

pottery to see if its position in other Orcadian se- 

quences reflected its position in the Pool sequence. 

At Knap of Howar (Ritchie, 1983), the only Orcadian 

domestic site to produce Unstan pottery apart from 

Pool, the pottery was found from thin section analysis 

to have been locally produced (Williams, 1983B). 

Henshall (1983A) distinguished between the more finely 

made Unstan bowls and a coarser range of pottery, much 

of the latter containing fragments of shell, both 

types occurring in each phase. Round-based vessels 

dominated the assemblage, but two flat-bases were also 

recorded. Henshall (Davidson and Henshall, 1989,77) 

noted that several body sherds from the site did not 

fit into either the Unstan or the Grooved Ware cate- 

gories. Included in these were some sherds decorated 

with incised lines, for example including random lines 

(Cat No. Unstrat B), horizontal lines (Cat No. 88) and 

vertical lines (Cat No. 84), parallels for which can 

be found within the Phase 2 incised decorated wares at 

Pool. 
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There are only three large assemblages of Unstan Ware 

from chambered tombs, from Isbister, Taversoe Tuick 

and Unstan itself. At all three sites, carinated 'Un- 

stan' bowls dominated the assemblage, but there were 

other elements in the assemblages which did not fit 

easily into the Unstan tradition of potting. At Is- 

bister, Henshall (1983,43) drew attention to a group 

of sherds, contemporary with the Unstan Ware which, 

she felt, stood out from the rest of the assemblage 

because of their thickness and friability due to very 

heavy tempering with large shell fragments. Among 

these sherds was a flat base which Henshall (Davidson 

and Henshall, 1989,77) suggested "right be regarded 

as Grooved Ware, but the base is unusually narrow and 

thick". The base closely parallels those of the 

'baggy' vessels from Phases 2.2 and 2.3 at Pool. 

The assemblage from Unstan represented 30 vessels, 18 

of which were carinated, and 12 of which were larger 

(probably round-based), only one of the latter being 

decorated. Some of each type were made from a corky 

fabric (Davidson and Henshall, 1989,166-167). The 

pattern at Unstan is largely repeated at Taversoe 

Tuick - again there were carinated bowls and plain 

round-based vessels, some in a corky fabric (Davidson 

and Henshall, 1989,162). 

Where only a few sherds were recovered from a tomb, 
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the pattern is similar. At the Calf of Eday, for ex- 

ample, carinated bowls predominate, occasionally 

shell-tempered, and there is a proportion of un- 

decorated bowls, probably with rounded bases (Calder, 

1937,142). 

The settlement sites of Skara Brae, Rinyo and Links of 

Noltland, together with Pool, the chambered cairn of 

Quanterness and the stone circle at Stennes, have pro- 

duced grooved ware assemblages. Williams (1979, 

1982), in his analysis of thin sections of Grooved 

Ware from Skara Brae, Rinyo, Quanterness and the 

Stones of Stennes, concluded that the pottery could 

have been made locally to the sites, as was, almost 

certainly, that from Pool. He felt that variations in 

non-dyke material between sherds from different sites 

made the possibility of a single production centre un- 

likely (Williams 1982,11). For example, the sherds 

from Rinyo lacked the limestone/calcite fragments com- 

mon in small amounts in the Skara Brae pottery. 

From preliminary thin section work on the Pool sec- 

tions Browell (1986) concluded that Williams 

hypothesis that igneous rock temper was preferred in 

the manufacture of Orcadian grooved ware should be am- 

mended and that it is more accurate to state that rock 

tempering replaced the older tradition of tempering 

with organic material (now recognised as shell). The 
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present suite of thin section analysis confirmed this 

(Chap 6.2.5). 

The change in fabric from shell- to rock-tempered, was 

accompanied by changes in morphology and decorative 

style, with flat-based vessels replacing round-based 

vessels as the dominant type, and different decorative 

styles appearing. At Skara Brae, Childe (1931,130- 

31) noted a chronological divide in the decoration. 

Although relief (that is applied decoration) was found 

in all periods, I, II and III, incised relief and 

simple incision into a slip were found only in periods 

I and II. At Pool there are a few examples of incised 

relief in both Phases 3.1 and 3.2 but no 'incised 

slip' decoration over the whole vessel. The majority 

of vessels from Pool are most similar to Skara Brae's 

relief decorated pottery, although there is a great 

deal of diversity in styles, perhaps indicating that 

while there was a general change in decorative techni- 

que, the motifs varied considerably between sites. 

The assemblage at Rinyo was thought by the excavator, 

V. G. Childe (Childe and Grant, 1939,1947) to prove 

that Unstan Ware predated Grooved ware, but Clarke 

(1983,48) has recently questioned these conclusions, 

largely on the excavation and recording methods used, 

and on the fact that Childe's argument rested on the 

existence of two sherds from carinated vessels. How- 
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ever, Childe (Childe and Grant, 1947,34-38) recog- 

nised eight layers in House G, five of which (1 to 5) 

he recorded as earlier than the floor levels of the 

house. As well as the Unstan sherds he noted, from 

Phase 5a, a new corky or vesicular type of fabric, 

similar to that found in chambered tombs such as Un- 

stan. The sequence of Unstan Ware and corky wares 

preceding Grooved Ware parallels the sequence at Pool. 

The assemblage from Links of Noltland is as yet un- 

published, but there appear to be strong similarities 

between it and the Pool (Phase 3) and Skara Brae as- 

semblages (Sheridan, pers comm). 

It has been noted (Henshall, 1985) that in no other 

part of Britain outwith the Orkneys is Grooved Ware 

associated with the building of chambered tombs. Even 

for Orkney, the argument rests on the assemblage from 

one site, Quanterness. (Where 'Grooved Ware' 

artefacts have been found in other tombs, for example, 

Quoyness, they have not been associated with primary 

activity on the site). 

In fact, the Skara Brae type of Grooved Ware forms 

only a very small part of the assemblage at Quanter- 

ness, only three (vessels 1,3 and 4; Renfrew, 1979, 

76, fig 33) out of a possible 26 vessels. One of 

these, (2) was decorated all over with chevron pat- 
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terns incised into a thick slip. In addition to those 

sherds are two sherds (8b and 19, Renfrew, 1979,78, 

fig 34) which are more akin to the incised wares from 

pool, having chevron and dot decoration and parallel 

lines. As the predominant type of pottery at Quanter- 

ness is incised or undecorated pottery, it follows 

that the tomb builders may have been the makers of in- 

cised/shell tempered wares rather than Grooved ware. 

This argument is perhaps strengthened by the fact that 

the grooved ware sherds were large compared with the 

small sherds of incised and undecorated wares. If the 

chamber was cleared out between burials it might be 

expected that the sherds of the final phase would be 

, 
largest. 

Similarly decorated (although rock-tempered) sherds 

were found during Ritchie's excavations at the Stones 

of Stennes (Ritchie, 1975). Although classing the 

pottery as 'Grooved Ware', Ritchie noted that it was 

not closely paralleled in the Grooved Ware from Skara 

Brae. He commented that "As far as Scotland is con- 

cerned, only in Orkney does Grooved Ware give any im- 

pression of cultural cohesion; but this point should 

not be overstressed as the pottery from Skara Brae is 

very different in character to the Grooved Ware from 

Stennes and Quanterness. 

It would appear that this is borne out at Pool where, 
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from the co-existence of Unstan Ware and shell- 

tempered wares and shell tempered wares and incised 

wares, it could be argued that the incised wares are 

in fact a development out of the Unstan tradition, 

rather than "having features of Grooved ware deriva- 

tion" (Henshall, 1983, referring to the incised pot- 

tery from the Knap of Howar). It is possible that the 

practice of incising chevron patterns into a slip de- 

veloped out of the tradition of incision into the wall 

of a vessel, common in the post-Unstan levels at Pool. 

Indeed, at Pool, there are close parallels in the 'in- 

cised ware', for the chevron-decorated 'Grooved [Ure' 

vessels found at Quanterness and Stenness (Fig 68). 

In the light of the Pool assemblage, a redefinition of 

'Grooved gare' may be advantageous. 

To draw the distinction between these pottery types, 

it may be more appropriate, when classifying Orcadian 

pottery, to replace the general term 'Grooved ware' 

with, for example, 'Stennes Ware' to denote the pot- 

tery by incision into a slip, and 'Skara Brae Ware' to 

denote that decorated with applied decoration. It may 

be that the Stenness type of pottery is slightly ear- 

lier than the more ornate Skara Brae wares - at nei- 

ther Quanterness nor Stennes were the latter found. 

In addition 'pool Incised wares' could be used to dis- 

tinguish the post-Unstan/pre-Grooved Ware pottery with 

incision into the vessel wall, from the Stennes type 
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of pottery, where incision was into a slip. 

Renfrew (1979,207), in his discussion of the Unstan 

and Grooved Ware traditions of Orkney, concluded that 

although there was too little evidence to be certain, 

he favoured the idea of "... a transition from one ware 

to the other, rather than to imagine two separate eth- 

nic groups simultaneously occupying different areas, " 

and envisaged a transitional period on Orkney mainland 

from c. 2550 be to 2350 be (3310 BC to 3030 BC), with 

a slightly later adoption for the other islands. He 

suggested that if this was the case, the Quanterness- 

Quoyness cairns could be a development out of the 

stalled cairn tradition, rather than a parallel devel- 

opment. 

In drawing up a pottery sequence, the radiocarbon 

dates for Neolithic Orkney, summarised by Renfrew and 

Buteux (1985,264-269) are of little help. In some 

cases, for example for Rinyo, the date was for uncon- 

texted bone, and for the chambered tombs, the pottery 

cannot be easily related to the dates, due to the 

reorganising of the chambers between burials. For 

other sites, for example Unstan, there are no dates. 

Fig 69 summarises the pottery evidence for the Orkneys 

as it relates to the Pool sequence. The main problem 

with the sequence is in relating the pool Incised 
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wares to the pottery from Stenness/Quanterness and 

Skara Brae. It may be that the Pool Incised Ware and 

the Stenness Ware, are largely contemporary and that 

the Stennes Wares may represent the transition between 

the Pool Incised Ware and the Skara Brae Grooved Ware. 

The radiocarbon and TL dates from Pool may resolve 

this. Figure 69 should be treated as a working model 

- it is accepted that the sequence will become more 

complex with further fieldwork, but at present it 

serves to adds some detail to the Unstan/Grooved Ware 

sequence for Orkney. 

7.5.3 The Iron Age Pottery 

At present, no pottery sequence exists for the late 

Iron Age sites of the Orkneys. The study of the pot- 

tery from Pool has, however, enabled certain distinc- 

tive characteristics to be identified. Throughout the 

late Iron Age periods at Pool there was little change 

in the type of pottery being produced. Both globular 

and straight-sided vessels with flat bases are 

represented, and rolled and beaded rims are character- 

istic. Well-fired, sandy fabrics are more common than 

other types, usually untempered, but occasionally the 

clay was tempered with organics, probably chopped 

straw or grass. Decoration is not common - it seems 

that 'Pictish' symbols were largely restricted to 

other media, predominantly standing stones but oc- 
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casionally bone artefacts. Burnishing and polishing 

were, however common. These characteristics have also 

been noted for the recently studied assemblages from 

Howe (Andrewina Ross, pers comm) and Skaill (Jane Bel- 

. lam, pens comm) 

A surprising aspect of the sequence at Pool was that 

the grass-tempered pottery, usually assumed to be of 

Scandinavian origin due to the fact that it has also 

been found in Norway (Laing, 1973,189) is largely 

pre-Norse (see Chap 6.1.3), and it seems most likely 

that the Norse settlement at Pool was largely aceramic 

with steatite vessels being used for cooking and 

storage. 

A lackpottery has been noted on other sites of Norse 

date in Orkney. Ritchie (1977) concluded from her ex- 

cavations at Buckquoy that the Norse settlement was 

probably aceramic. No steatite vessels were recovered 

and she suggested that vessels of wood or leather may 

have been used. During his excavations on the Brough 

of Birsay, Hunter (1986,12) recovered only five 

sherds of handmade pottery, and although two of those 

were grass-tempered and attributed a Norse date from 

parallels with grass-tempered pottery from Freswick 

(Curie, 1939), they were unstratified and could just 

as easily have come from a late Iron Age context. 
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At Saevar Howe, a Viking settlement overlying a late 

Iron Age one, the amount of pottery recovered was neg- 

ligible (Hedges, 1983). However, many of the finds 

published in the report were from a nineteenth century 

excavation by the antiquarian James Farrer, and it is 

perhaps suspicious that the only pottery which he 

donated to the National Museum of Antiquaries was a 

complete vessel (probably late Iron Age in date). 

The multi-period site of Kebister in Shetland (Magnar 

Dalland, pens comm) has produced the most convincing 

evidence so far to negate the theory that grass- 

tempered pottery should be linked with Norse occupa- 

tion. At Kebister, the largest proportion of grass- 

tempered pottery was associated with a cellular buid- 

ing, ascribed a late Iron Age date. The grass- 

tempered pottery was dated to around the third century 

AD mid way through the sequence of sandy, 'Pictish- 

type' pottery. Grass-tempered pottery has also been 

recovered from earlier Iron Age sites in the Uists 

(John Barber, pers com). 

Further large scale excavation of Norse settlement, 

preferably without preceding Iron Age settlement, is 

needed before the issue can be resolved, but from the 

present evidence it appears that grass-tempered pot- 

tery can not be attributed exclusively to Norse oc- 

cupation. 
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CHAPTER 8 

CONCLUSIONS 

The coarse pottery assemblage from pool was studied on 

two levels. Firstly, a morphological and technologi- 

cal sequence was drawn up for the site, and the intra 

and inter-site implications assessed. Secondly, the 

data was used in a case study of the problems of 

analysing large coarse ware assemblages. Thin section 

analysis, X-ray fluorescence analysis and Inductively- 

Coupled Plasma Spectrometry were carried out on a 

sample of the assemblage and their contribution to the 

interpretation of the assemblage as a whole was as- 

sessed. 

It was hoped that by recording the samples ar- 

chaeologically, technologically and analytically and 

by considering how the techniques complemented each 

other, it would be possible to suggest ways of ex- 

tracting the maximum amount of information from an as- 

semblage when time and money did not allow analysis of 

such a large suite of samples. 

The material from the Pool excavations was well-suited 

to such an analysis. The site was well-stratified and 
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a sizeable pottery assemblage was recovered from the 

Neolithic, Iron Age and Norse phases. In addition to 

intra-site analysis, some inter-site analysis was 

carried out for various late Iron Age sites in Orkney 

and Caithness. 

After consideration of various methods of recording 

coarse pottery, it was decided to record a combination 

of morphological and technological attributes. As 

well as recording sherd types and quantities, fabric 

was recorded for each sherd, using X40 Magnification. 

Colour changes across the section of a sherd were 

noted, in order that firing conditions could be as- 

sessed. It was hoped that consideration of tech- 

nological traits would give a better indication of 

points of continuity and discontinuity than by relying 

only on morphological traits. 

In the recording of all these attributes, the varia- 

tions or 'error' due firstly to the potter, secondly 

to the natural variations in the raw materials and, 

thirdly, to the use of the pottery, were taken into 

consideration. it was felt that the recording of 

minute variations in colour and fabric would mask the 

main changes in the assemblage. Colour can vary so 

much over a sherd and through secondary burning that 

it was never used as a basis on whicn to classify a 

fabric, although in certain cases very distinctive 
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colour was used to identify sherds from the same ves- 

sel. 

Typological analysis of the Neolithic pottery revealed 

that it could be divided into three groups, cor- 

responding to the three distinctive tip deposits. At 

the bottom of the sequence (Phase 1) were a few sherds 

of Unstan ware contemporary with some coarser wares, 

many of them shell-tempered. In Phase 2 the assem- 

blage became dominated by shell- tempered pottery in a 

variety of vessel forms including characteristic 

'baggy vessels'. Decoration in these phases was by 

incision, sometimes in zones. The character of the 

assemblage - decoration, vessel shape and fabric 

changed again with Phase 3 which had rock-tempered 

pottery with applied decoration or, occasionally, 

parallel lines incised into a thick slip. Many of the 

sherds from this phase represented straight-sided or 

bucket-shaped vessels. 

Prior to the excavations at Pool these three types of 

pottery had not been found on the same site. From C14 

dates and associated material from other sites, it had 

been assumed that Unstan Ware was probably earlier 

than 'Grooved Ware', and the pottery sequence from 

Pool adds weight to this theory. Not only was Unstan 

ware found to be earlier than the Skara Brae type of 

Grooved Ware at Pool, but the two were separated by 
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the Pool Incised Snare. The complete change-over in 

all aspects of style and manufacture between Phases 

2.3 and 3.1 indicates a different pottery tradition. 

The chevron decoration on some of the 'Grooved Ware' 

vessels from Quanterness and Stennes was very similar 

in motif to the Pool Incised Ware but different in 

manufacture and fabric, being incised into a thick 

slip applied to a rock-tempered vessel. It is pos- 

sible that such vessels represent the link between the 

Pool Incised Ware and the Skara Brae Grooved Ware. 

Given the contrast in decoration and fabric between 

the incised and applied Grooved Ware pottery it is 

suggested that an alternative to classifying both as 

Grooved Ware would be to use 'Stennes Ware' to denote 

the pottery with decoration incised into a slip, Skara 

Brae Ware to denote the pottery decorated with applied 

decoration, and Pool Incised Ware to denote the ves- 

sels decorated by incision into the wall of the ves- 

sel. 

The technological study of the Neolithic pottery was 

useful not only in reinforcing the three types identi- 

fied from the morphological study but also in adding 

information on techniques of manufacture. This al- 

lowed change in the assemblage to be defined more 

closely - the morphological and technological se- 

quences together were suggestive of gradual change or 
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evolution between Phases 1 and 2 and radical change 

between Phases 2 and 3. 

The late Iron Age levels at Pool produced handthrown 

pottery of a type which has been noted from other 

'post-broch' occupation levels such as Howe (Ross, 

forthcoming). Certain features were identified as 

characteristic of Orcadian late Iron Age pottery. 

Globular and flat-based vessels with beaded, rolled 

and everted rims were common. There was a lack of 

decoration but a high incidence of burnished and 

polished sherds. 

Although the Iron Age assemblage at Pool was dominated 

by sandy, untempered wares, there was, in addition, a 

proportion of grass-tempered sherds. Previously, 

grass-tempered pottery has been assumed to indicate 

Norse occupation, but the assemblage at Pool indicated 

that the Norse levels were largely aceramic and that 

the majority of grass-tempered sherds were actually 

contemporary with the sandy wares of the late Iron Age 

levels. The difference was probably a technological 

one, grass temper perhaps being used to enable the 

successful firing of the more plastic clays. There 

was little change in either vessel form or methods of 

manufacture throughout the late Iron Age and interface 

periods, until pottery manufacture was replaced by the 

used of steatite vessels in the Norse phases of oc- 
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cupation of the site. 

The morphological and technological studies could be 

combined relatively easily, and often it was possible 

to suggest why a certain method of manufacture was 

used. For example, applied decoration was more suited 

to the rock-tempered pottery than incised decoration 

would have been. Again, with the shell-tempered pot- 

tery of the earlier Neolithic phases, it was suggested 

that shell was added in order to stop the thicker- 

walled vessels exploding during firing, the dominant 

clay type in these levels being a very fine and 

micaceous clay. 

Relating vessel form and fabric to function was more 

problematic. There was a high incidence of sooting, 

much of which could have occurred through secondary 

burning. Residue analysis would have been necessary 

to suggest function with more certainty. In general 

it appears that most vessels could have had a variety 

of uses - there were no groups of morphological at- 

tributes or fabrics which were exclusively sooted or 

unsooted. In the Neolithic, both decorated and un- 

decorated pottery was used on the hearth. Likewise, 

in the late Iron Age, burnishing was applied to a va- 

riety of vessel types and fabrics. 

Although the fabric sequence for the Neolithic and the 
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differences in fabric between the Neolithic and Iron 

Age pottery were clear from hand specimens and micro- 

scopic analysis, elemental analysis by XRF and ICPS 

failed to distinguish the groups. In the case of the 

late Iron Age pottery this may have been because the 

difference between Matrix 1 and Matrix 2 was textural 

rather than mineralogical, but even where there was 

visible rock temper, the elemental analysis for a 

tempered and an untempered sherd was often similar. 

One reason for this was that the pottery was tempered 

with siltstones and sandstones, a 'solidified' form of 

the clay itself, and similar in composition. Another 

reason for the lack of success in differentiating be- 

tween fabrics by elemental analysis was the fact that 

ICPS and XRF analysis were probably too sensitive for 

the material being analysed. Where clay samples were 

taken from more than one depth at the same spot and 

analysed, considerable variation was found in the com- 

position of the clay beds, probably as much variation 

as between sources. 

Even where a very specific question was asked and the 

samples chosen carefully, there was little success in 

answering it by elemental analysis. This was seen in 

the analysis of late Iron Age burnished and un- 

burnished pottery from various sites in Orkney and 

Caithness. The samples were chosen because there was 
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negligible temper, but XRF analysis failed to dis- 

tinguish between the sites. It is probable that the 

pottery was made locally to the sites and that varia- 

tion in composition within clay sources and the 

similarities in geology throughout the area were mask- 

ing inter-site variability. 

A clay survey was carried out around Pool, and samples 

taken for comparison with the pottery. These were 

fired on return to the laboratory and a range of clays 

suitable for the manufacture of pottery were identi- 

fied. The clay survey was useful as it led to a bet- 

ter understanding of the range of clays which may have 

been available to the potters, and it also provided a 

'standard' against which to match the sherds and the 

thin sections in deciding which of them were tempered 

and which were made from untempered clay. 

Thin section analysis proved more useful than elemen- 

tal analysis. It was possible to determine from the 

rock fragments present in the sherds that the pottery 

was probably locally produced. In addition to identi- 

fication, point counting and grain size analysis were 

undertaken. Point counting added little that could 

not be seen by eye, the cluster analysis producing a 

'tempered' and an 'untempered' group. Grain size 

analysis was more useful and two different distribu- 

tions were identified relating, by comparison with 
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thin sections of the clays, to primary clay and 

secondary clays. These two clays were used by potters 

in all periods of occupation of the site. 

From the large suite of elemental analysis on the Pool 

pottery, it is concluded that XRF, ICPS and similar 

techniques are too refined for most assemblages of 

coarse pottery. Theoretically, combinations of dif- 

ferent clays and tempers could give the same analyti- 

cal result. On a site such as Pool there may have 

been substantial leaching or enhancement of certain 

elements during deposition. Similarly, weathering of 

a clay source can cause considerable variation in com- 

position. Different amounts of the same temper can 

also cause distortion of the results. 

Ethnological and folklife records show that in most 

cases a potter does not have a constant recipe, and 

adds temper, removes larger natural inclusions, and 

mixes different clays until a mix suitable for the 

vessel type or firing conditions is reached. It is 

probable, for example, that the quantities of temper 

used will change even throughout the day as the clay 

dries out. Thin section analysis relates more to the 

potter's clay and temper mixtures and is more easy to 

relate to the technological results than XRF or ICPS 

data. Elemental analysis should be reserved for par- 

ticular problems, preferably concerning pottery with 
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little temper and suspected to be from areas with 

widely differing geologies. 

Recommendations 

Given the results of the Pool study, the following 

procedure is suggested for the analysis of large as- 

semblages of coarse wares - 

a) On site it is important to look at the local solid 

and drift geology to assess the range of clay and 

tempering materials. Clay samples should be taken 

from deposits thought to be suitable for potting. 

On site conditions which may affect the 

composition of the sherds, especially if the wares 

are suspected to be low-fired, should be noted. 

b) In the laboratory, the firing properties of the 

clays should be tested, and samples of the clays 

which fire well should be retained for comparison 

with hand specimens and for thin-sectioning. 

c) The sherds should be recorded by describing the 

typology and technology, and fabric at X40 

magnification. Fabric groups should be kept as 

general as possible - over-classification is 

counter-productive. The fired clay samples can be 

used at this stage to help in determining which of 
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the fabrics are naturally occurring. What is more 

useful than recording minute variations between 

sherds is to designate fabrics to reflect 

technological differences. 

d) Sherds characteristic of the morphological and 

fabric groups should be thin sectioned. 

Identification of the rocks and minerals present 

should give a good indication of whether a certain 

fabric was produced locally to a site. The 

geological variations which can occur within clay 

sources, especially in areas with boulder clay, 

should be taken into consideration. In 

cases where it is felt that the important 

difference between fabrics is textural rather than 

mineralogical, grain size analysis can be carried 

out to test whether or not different sources are 

indicated. 

e) In cases where the grain size distribution is very 

similar between groups of sherds and thin 

sectioning will not distinguish between different 

morphological groups, ICPS or XRF can be applied 

if it is felt that there is a strong 

archaeological argument for the pottery's 

introduction to the site. The limitations of the 

method imposed by geology, the 'potter effect' and 

post-depositional effects should be borne in mind 
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in interpreting the elemental results. 

f) The final report should draw together the 

morphological, technological and geological 

aspects of an assemblage, and an attempt should be 

made to interpret these in the light of possible 

function, fashion or production changes. 

Ethnological, folklife and experimental reports 

can aid in the discussion. 

By looking at all these aspects it is possible to get 

a better idea of the pottery industry on a site than 

by concentrating on typology alone. In many coarse 

pottery reports, the typological analysis and thin 

sections report are not reconciled. It is the tech- 

nological consideration which can link the two and 

provide a more comprehensive understanding of the na- 

ture of change in a sequence. 
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