
BUDAPEST 2016

Antoinette Rast-Eicher

FIBRES
Microscopy of Archaeological Textiles 

and Furs



Volume Editor
ERZSÉBET JEREM

ISBN 978-963-9911-78-9
HU-ISSN 1215-9239

© The Authors and Archaeolingua Foundation 
All rights reserved. No part of this publication may be reproduced or transmitted in any form or by any 
means, electronic or mechanical, including photocopy, recording or any other information storage and 

retrieval system, without requesting prior permission in writing from the publisher.

2016

ARCHAEOLINGUA ALAPÍTVÁNY
H-1014 Budapest, Úri u. 49

Desktop editing, layout: Zsuzsa Kiss

Printed by Prime Rate Kft.

Front Cover
Reindeer fi bres, modern. SEM-photo

Back Cover
Very fi ne textile mineralized by lead – it is made of fl ax or hemp in the warp and 

fi ne wool in the weft, Jaunay-Clan, France, SEM-Photo



Contents

Preface ...................................................................................................................................................... 9

1. Introduction .........................................................................................................................................11
1.1 Fibre & microscopy ....................................................................................................................11
1.2 Anatomy of animal fi bres ............................................................................................................11
1.3 Anatomy of plants  ..................................................................................................................... 14

2. Methods ............................................................................................................................................. 15
2.1 Preservation  .............................................................................................................................. 15

2.1.1 Dry .................................................................................................................................... 15
2.1.2 Humid ............................................................................................................................... 21
2.1.3 Salt .................................................................................................................................... 31
2.1.4 Metal ................................................................................................................................. 31

2.2 Fibre damage ............................................................................................................................. 31
2.2.1 Animal fi bres (without silk) .............................................................................................. 31
2.2.2 Plant fi bres ........................................................................................................................ 40
2.2.3 Silk  ................................................................................................................................... 40

2.3 Processing  ................................................................................................................................. 43
2.3.1 Animal fi bres..................................................................................................................... 43
2.3.2 Plant fi bres ........................................................................................................................ 48
2.3.3 Silk .................................................................................................................................... 55

2.4 Conservation (Products) ............................................................................................................ 55
2.5 Analysis ...................................................................................................................................... 62

2.5.1 Introduction ...................................................................................................................... 62
2.5.2 History of fi bre analysis and wool measurement.............................................................. 62
2.5.3 Sampling ........................................................................................................................... 64
2.5.4 Questions to ask ................................................................................................................ 64
2.5.5 Light microscopy .............................................................................................................. 65
2.5.6 Cross-sections ................................................................................................................... 65
2.5.7  SEM ................................................................................................................................. 70
2.5.8 TEM .................................................................................................................................. 71
2.5.9 Infrared microscope .......................................................................................................... 71
2.5.10 Other methods................................................................................................................. 72

3. Plant fi bres ......................................................................................................................................... 73
3.1 Seed fi bres: ................................................................................................................................. 73

3.1.1 Cotton ............................................................................................................................... 73
3.1.2 Others................................................................................................................................ 77

3.2 Bast fi bres .................................................................................................................................. 80
3.2.1 General introduction ......................................................................................................... 80
3.2.2 Processing ......................................................................................................................... 80
3.2.3 Lime bast (Tilia sp.) .......................................................................................................... 81
3.2.4 Willow bast (Salix sp.) ...................................................................................................... 82
3.2.5 Oak bast (Quercus sp.) ..................................................................................................... 85
3.2.6 Flax (Linum sp.) ................................................................................................................ 87
3.2.7 Hemp (Cannabis sativa) ................................................................................................... 96
3.2.8 Nettle (Urtica dioica) ..................................................................................................... 104



6

3.2.9 Jute .................................................................................................................................. 107
3.2.10 Ramie (Boehmeria nivea) ............................................................................................. 109
3.2.11 Spanish broom (Spartium Junceum) ............................................................................. 109
3.2.12 Others.............................................................................................................................110

3.3 Structural fi bres .........................................................................................................................113
3.3.1 Cyperus Papyrus (Cyperaceae) .......................................................................................113
3.3.2 Stipa tenacissima (Poaceae = Gramineae) .....................................................................114
3.3.3 Phragmites australis (Poaceae = Gramineae) .................................................................117
3.3.4 Juncus acutus (Juncaceae)...............................................................................................117
3.3.5 Fruit fi bre: Coir (Cocos nucifera) ................................................................................... 120

3.4 Others ....................................................................................................................................... 121
3.4.1 Moss ............................................................................................................................... 121
3.4.2 Wood ............................................................................................................................... 121

4. Animal fi bres and human hair .......................................................................................................... 127
4.1 General comments on animal fi bres ........................................................................................ 127

4.1.1 Introduction to animal skins and animal fi bres ............................................................... 127
4.1.2 Domestication and analysis ............................................................................................ 128
4.1.3 Domestic and wild animals in the fi bre analysis ............................................................ 129
4.1.4 Ancient terms and names ................................................................................................ 129
4.1.5 Archaeological material .................................................................................................. 129
4.1.6 Hair morphology: a research history .............................................................................. 130

4.2 Insectivora ................................................................................................................................ 132
4.2.1 Common mole (Talpa europaea) .................................................................................... 132
4.2.2 Desman (Desmana moschata and Galemys pyrenaicus) ................................................ 133

4.3 Rodentia ................................................................................................................................... 134
4.3.1 Fat dormouse (Glis glis) ................................................................................................. 134
4.3.2 Mouse (Mus musculus sp.) ............................................................................................. 136
4.3.3 Red squirrel (Sciurus vulgaris) ....................................................................................... 136
4.3.4 Long-Clawed ground-squirrel (Spermophilopsis leptodactylus) .................................... 138
4.3.5 Marmot (Marmota marmota) ......................................................................................... 138
4.3.6 Beaver (europ.) (Castor fi ber) ........................................................................................ 141
4.3.7 Brown rat (Rattus norvegicus) ........................................................................................ 146
4.3.8 Black rat (Rattus rattus) ................................................................................................. 146

4.4 Lagomorpha ............................................................................................................................. 147
4.4.1 Introduction to hare and rabbit ....................................................................................... 147
4.4.2 Rabbit (Oryctolagus cuniculus) ...................................................................................... 150
4.4.3 Hare (Lepus europaeus) .................................................................................................. 152
4.4.4 Arctic hare (Lepus timidus)............................................................................................. 157

4.5 Carnivora ................................................................................................................................. 158
4.5.1 Introduction to Canidae .................................................................................................. 158
4.5.2 Red fox (Vulpes vulpes) .................................................................................................. 158
4.5.3 Arctic fox (Alopex lagopus) ............................................................................................ 159
4.5.4 Wolverine (Gulo gulo) .................................................................................................... 160
4.5.5 Dog (Canis lupus familiaris) .......................................................................................... 165
4.5.6 Jackal (Canis aureus) ..................................................................................................... 167
4.5.7 Wolf (Canis lupus) .......................................................................................................... 167
4.5.8 Bear (Ursus arctos) ......................................................................................................... 171



7

4.5.9 Polar bear (Ursus maritimus) ......................................................................................... 176
4.5.10 Seals .............................................................................................................................. 177
4.5.11 Harp seal or saddleback seal (Phoca groenlandica) ..................................................... 177
4.5.12 Harbour seal (Phoca vitulina)....................................................................................... 179
4.5.13 Mustelidae: general introduction .................................................................................. 180
4.5.14 Badger (Meles meles) ................................................................................................... 183
4.5.15 Stone marten (Martes foina) ......................................................................................... 184
4.5.16 Western polecat (Mustela putiorus L.) .......................................................................... 185
4.5.17 Pine marten (Martes martes) ........................................................................................ 185
4.5.18 Sable (Martes zibellina)................................................................................................ 188
4.5.19 Stoat, Ermine (Mustela erminea L.) ............................................................................. 193
4.5.20 Least weasel (Mustela nivalis L.) ................................................................................. 193
4.5.21 Europ. mink (Mustela lutreola) .................................................................................... 194
4.5.22 European otter (Lutra lutra L.) ..................................................................................... 194
4.5.23 (Wild) cat (Felis silvestris) ........................................................................................... 195
4.5.24 Lynx (Lynx lynx) ........................................................................................................... 202
4.5.25 Lion (Panthera leo) ...................................................................................................... 203
4.5.26 Leopard (Panthera pardus) .......................................................................................... 204

4.6 Elephantidae ............................................................................................................................ 207
4.6.1 Woolly mammoth (Mammuthus primigenius) ................................................................ 207

4.7 Perissodactyla .......................................................................................................................... 208
4.7.1 Introduction Equidae ...................................................................................................... 208
4.7.2 Przewalski horse (Equus ferus przewalski) .................................................................... 209
4.7.3 Horse (Equus ferus caballus)  ........................................................................................ 212
Early Modern ........................................................................................................................... 215
4.7.4 African ass (Equus africanus) and Asiatic wild ass (Equus hemionus) .......................... 219
4.7.5 European wild ass (E. hydruntinus) ................................................................................ 220

4.8 Artiodactyla .............................................................................................................................. 223
4.8.1 Introduction to Camelidae .............................................................................................. 223
4.8.2 Dromedar (Camelus dromedarius) ................................................................................. 223
4.8.3 Camel (Camelus bactrianus) .......................................................................................... 224
4.8.4 Wild boar (Sus scrofa) .................................................................................................... 227
4.8.5 Reindeer (Rangifer tarandus) ......................................................................................... 228
4.8.6 Roe deer (Capreolus capreolus) ...................................................................................... 228
4.8.7 Red deer (Cervus elaphus) ............................................................................................. 229
4.8.8 Fallow deer (Dama dama) .............................................................................................. 235
4.8.9 Elk (Alces alces) ............................................................................................................. 235
4.8.10 Aurochs, Wild cattle (Bos primigenius) ........................................................................ 236
4.8.11 Domesticated cattle (Bos primigenius) ......................................................................... 237
4.8.12 Europ. bison (Bison bonasus) ....................................................................................... 239
4.8.13 Introduction to goats: diff erentiation capra/ovis ........................................................... 244
4.8.14 Ibex (Capra ibex).......................................................................................................... 244
4.8.15 Cretan wild goat (Capra aegagrus cretica) .................................................................. 245
4.8.16 West Caucasian tur (Capra caucasica) ......................................................................... 248
4.8.17 Domestic goat (Capra aegagrus hircus) ...................................................................... 248
4.8.18 Mohair (Capra hircus aegagrus) .................................................................................. 252
4.8.19 Cashmere goat (Capra hircus laniger) ......................................................................... 256
4.8.20 Chamois (Rupicapra rupicapra) .................................................................................. 259



8

4.8.21 Moufl on (Ovis orientalis musimon) .............................................................................. 260
4.8.22 Domestic sheep (Ovis orientalis aries) ........................................................................ 261

4.9 Human hair .............................................................................................................................. 273
4.9.1 History ............................................................................................................................ 273
4.9.2 Fibre properties ............................................................................................................... 274
4.9.3 Archaeology .................................................................................................................... 274

4.10 Silks ....................................................................................................................................... 277
4.10.1 Introduction to silk........................................................................................................ 277
4.10.2 Wild silks (non-mulberry-silks) .................................................................................... 277
4.10.3 Domesticated silk (mulberry silk) Bombyx mori ......................................................... 281
4.10.4 Sea-silk (Pinna nobilis) ................................................................................................ 285

5. Others ............................................................................................................................................... 289
5.1 Mineral fi bres: Asbestos .......................................................................................................... 289
5.2 Metal threads ........................................................................................................................... 289
5.3 Feathers .................................................................................................................................... 291

Bibliography ........................................................................................................................................ 297

Index .................................................................................................................................................... 351


