-

| McDONALD INSTITUTE CONVERSATIONS

& uel 1gﬁ’nd Fire in the
- Ancient Roman World

Towardsan integrated economic understanding

Edited by Robyn Veal & Victc eitch

-




Fuel and Fire in the
Ancient Roman World






McDONALD INSTITUTE CONVERSATIONS

Fuel and Fire

in the Ancient
Roman World

Towards an integrated
economic understanding

Edited by Robyn Veal & Victoria Leitch

with contributions from

Jim Ball, H.E.M. Cool, Sylvie Coubray, David Griffiths,

Mohamed Kenawi, Victoria Leitch, Archer Martin, Ismini Miliaresis,
Heike Moller, Cristina Mondin, Nicolas Monteix, Anna-Katharina Rieger,
Tony Rook, Erica Rowan, Robyn Veal, Véronique Zech-Matterne



This book, and the conference upon which it was based,

were funded by: the Oxford Roman Economy Project (OxREP), B S R
University of Oxford; a private contribution from Jim Ball

(former FAO forestry director, and President, Commonwealth BRITISH SCHOOL
Forestry Association); the British School at Rome; and the AT ROME

Finnish Institute of Rome. The editors would also like to
acknowledge the support of the McDonald Institute for
Archaeological Research, and the Department of Archaeology
(University of Sydney).

Published by:

McDonald Institute for Archaeological Research
University of Cambridge

Downing Street

Cambridge, UK

CB2 3ER

(0)(1223) 339327

eaj3l@cam.ac.uk

www.mcdonald.cam.ac.uk

‘ @ @ @ @ McDonald Institute for Archaeological Research, 2019

© 2019 McDonald Institute for Archaeological Research.
Fuel and Fire in the Ancient Roman World is made available
under a Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 (International) Licence:
https://creativecommons.org/licenses/by-nc-nd/4.0/

ISBN: 978-1-902937-91-5

Cover design by Dora Kemp and Ben Plumridge.
Typesetting and layout by Ben Plumridge.

Edited for the Institute by James Barrett (Series Editor).



CONTENTS

Contributors
Figures
Tables
Preface

Introduction  Studying fuel and fire through the integration of ecology, economy,

technology and culture
RosyN VEAL
Research approaches
Organization of the book
Discussion
Further thoughts and questions
Conclusions

Part 1 Science and technology of fuel

Chapter 1  The history and science of fire and fuel in the Roman Empire
RosyN VEAL
Characterizing the importance of fuel in the economy
Calorific potential and efficiency of fuel consumption
Factors affecting the wood supply
Roman fuel consuming activities: wood or charcoal?
Pricing and transport
Modelling the size of the wood fuel supply
History of wood charcoal analysis
The reflectance technique: differentiating raw wood and charcoal fuel
Conclusion

Chapter 2 Glass and fuel
H.E.M. CooL
The development of the glass industries
Glass chemistry, manufacture and melting temperatures
Putting the numbers together

Chapter 3  Problems in estimating fuels consumed in buildings: fuel requirements

of hypocausted baths

Tony Rook
Simplified calculation of heat loss from buildings
Openings
Heat requirements of a simplified caldarium
Inside temperature
The structure of a hypocausted building
The fuel consumption of a hypocaust
Conclusions

Chapter 4 Throwing money out the window: fuel in the Forum Baths at Ostia

IsmINT MILIARESIS
The windows of the Forum Baths at Ostia
The effects of window glazing
Heat study method and initial results
Conclusion

vii
viii
ix
Xi

N WN =

11

11
13
13
17
18
18
19
19
20

25

25
26
29

35

35
35
36
36
37
37
37

39

39
42
43
47



Part I1 Fuel in ceramics making: ancient and modern examples

Chapter 5 Fuelling Roman pottery kilns in Britain and North Africa: climatic, economic
and traditional strategies
Vicroria LErTcH
Kilns
Choice, location and collection of North African fuel
Economic factors
Conclusions

Chapter 6  Kilns in a wood-poor environment: traditional workshops in the western delta of Egypt
ARCHER MARTIN

Chapter 7 Necessity is the mother of invention: the fuel of Graeco-Roman pottery kilns in the

semi-arid Eastern Marmarica
HEeIke MOLLER & ANNA-KATHARINA RIEGER

The fuel consumers: pottery production and kilns in the Eastern Marmarica

How to generate biomass

Botanical remains from Wadi Qasaba

Botanical remains from Wadi Umm el-Ashdan

Modern pottery workshops — an ethnoarchaeological approach to fuelling kilns

Conclusion

Chapter 8 ~ Continuity of production: kilns and fuel in Egypt and the Mediterranean
MonaMED KENAWI & CRISTINA MONDIN
Hellenistic and Roman kilns: the evidence
Medieval to Early Modern kilns: the evidence
Modern Egyptian kilns in Fayoum
Modern kilns in the Mediterranean
Discussion

Part 111 Alternative fuels to wood: olive pressings and oil

Chapter 9~ Commercialization of the night at Pompeii
Davip G. GrIFFITHS
Pompeii: a case study
Quantifying consumption
Conclusions

Chapter 10 The utility of olive oil pressing waste as a fuel source in the Roman world
Erica Rowan
The properties of pomace
Quantities generated in the Roman Empire
Consequences of quantity
The case of Lepcis Magna
Rome’s challenge and solution
Conclusions

Chapter 11 Of olives and wood: baking bread in Pompeii
SyLviE CouBraY, N1icoLAS MONTEIX & VERONIQUE ZECH-MATTERNE
Sampling macro-remains
Results of the plant remains study
Interpretation of plant assemblages
Charcoal assemblage
Olive pressing by-products used as fuel
Conclusion

Epilogue  Final discussions
RoBYN VEAL & Jim BALL
Introduction (Robyn Veal)
Wood fuels in the present-day context, or “‘What can the past learn from the present?’ (Jim Ball)

vi

53

53
57
58
59

63

71

71
76
80
82
84
84

87

87
88
89
92
95

99

99
104
106

109

110
111
111
113
114
116

121

121
123
124
125
125
131

135

135
135



CONTRIBUTORS

DR RoBYN VEAL

McDonald Institute for Archaeological Research,
University of Cambridge

Downing Street, Cambridge, CB2 3ES
Department of Archaeology, University of Sydney
Camperdown, NSW 2006, Australia

Email: rjv33@cam.ac.uk

Website: www.robynveal.com

Dr VicToria LErTcH

School of Archaeology and Ancient History,
University of Leicester

University Road, Leicester, LE1 7RH

Email: vl46@le.ac.uk

Jim BarL
Formerly Food and Agriculture Organization, Rome
Email: jbballl@yahoo.co.uk

Dr H.E.M. CooL
Barbican Research Associates
Email: hilary@coolarchaeology.com

Dr Syrvie CoUBRAY

INRAP/MNHN, UMR 7209 Archéozoologie,
Archéobotanique: sociétés, pratiques et
environnements)

National d’Histoire Naturelle, Paris

Email: sylvie.coubray@inrap.fr

DR Davip GRIFFITHS
Independent researcher
Email: david.griffiths1973@gmail.com

DR MouaAMED KENAWI

EAMENA Project, School of Archaeology,
University of Oxford

Email: mohamed.kenawi@arch.ox.ac.uk

DR ARCHER MARTIN
Independent researcher
Email: archer.martin@alice.it

vii

Dr. IsmiNT MILIARESIS
University of Virginia, Charlottesville, VA, USA
Email: iam5f@virginia.edu

Dr HEikE MOLLER
German Archaeological Institute, Berlin
Email: heike.moeller@dainst.de

Dr CrisTiINA MONDIN
Padua University and Asolo Museum
Email: cristina.mondin@unipd.it

Dr NicorLas MoNTEIX

Département d’histoire, Université de Rouen

1 Rue Thomas Becket, 76130, Mon-Saint-Aignan,
France

Email: nicolas.monteix@univ-rouen.fr

Dr ANNA-KATHARINA RIEGER

Institute for Ancient Studies, University of Graz,
Austria

Email: anna.rieger@uni-graz.at

Tony Rook
Independent researcher
Email: tony.rook@virgin.net

Dr Erica Rowan

Department of Classics, Royal Holloway, University
of London, London

Email: Erica.Rowan@rhul.ac.uk

DR VERONIQUE ZECH-MATTERNE
CNRS/MNHN UMR 7209 AASPE

Centre national de la Recherche Scientifique
UMR 7209 team, Muséum National d’"Histoire
Naturelle, Paris

Email: veronique.zechmatterne@mnhn.fr



Figures

1.1
1.2
1.3
4.1
4.2
4.3
4.4
4.5
4.6
5.1
5.2
5.3
6.1
6.2
6.3
6.4
6.5
6.6
7.1
7.2
7.3
7.4
7.5
7.6

7.7

7.8

7.9

7.10
8.1
8.2
8.3
8.4
8.5
8.6
8.7
9.1
9.2
9.3
10.1
11.1
11.2
11.3
11.4

11.5
11.6
11.7
11.8

An example of a microphotograph of deciduous oak from Ostia synagogue.

Modern ‘smallwood” (or coppice) being taken to market in the Sarno valley, Campania.

Probable fuel types for different activities.

Plan of the modern remains of the Forum Baths at Ostia.

Plan of the modern remains of Room 15.

Plan of the modern remains of Room 16.

Plan of the modern remains of Room 17.

Plan of the modern remains of Room 18.

Plan of the modern remains of Room 19.

Kiln at Oudhna, Tunisia.

Schematic plan of the Leptiminus kiln site.

Kiln at Moknine pottery production site today.

Location map of the production centres discussed.

Pots at Idfina.

Workshop at Idfina with piles of sugar cane pressings and scrap wood and a kiln.

Adding sawdust to a beginning firing at Rahmaneyah.

Adding scrap wood to an ongoing firing at Damanhur.

Ongoing firing with agricultural waste at Gezira Isa.

Map of the Marmarica showing the investigation area. Pottery production sites in the Eastern Marmarica
Natural prerequisites along the coastline in the Eastern Marmarica.

Wadi Qasaba. Trench of the wasters heap. Pressing facility.

Wadi Umm el-Ashdan. Reconstruction of the pottery kiln. Trench of a pottery kiln.

Wadi Umm el-Ashdan. Different agricultural areas in the watershed system.

Wadi Umm el-Ashdan. View on planting mounds as they appear on surface (teleilat el-einab).
Wadi Umm el-Ashdan. Excavation of a stone mound.

Archaeobotanical remains from Wadi Qasaba and Wadi Umm el-Ashdan: Wood of a Tamarix sp.
Wood of Vitis vinifera.

Archaeobotanical remains from Wadi Qasaba: Hordeum vulgare, rachis, and Triticum aestivium,
caryopsis. Triticum aestivum, caryopsis.

Vegetation in the Wadi Umm el-Ashdan and Wadi Kharouba: Salsola and Artiplex Halimus,
Chenopodiaceae species. Vegetation in the desert of the Marmarica Plateau: Acacia.
Archaeobotanical remains from Wadi Umm el-Ashdan: Ficus carica, achene. Fabaceae, seed.
Small kilns at Tell Timai in the eastern delta.

Map of the modern production sites mentioned in this chapter.

Kilns and pottery at al-Nazla, Fayoum.

Kilns and pottery at al-Nazla, Fayoum.

Kilns and pottery at al-Nazla, Fayoum.

Pottery produced in Tunis, Fayoum.

Kiln at Tunis, Fayoum.

Number of game days at Pompeii.

The apodyterium at the Forum Baths.

Length of daylight hours for Pompeii, Italy.

Hypothetical divisions of pomace fuel usage in the hinterland of Lepcis Magna.

Changes in bakery 112, 1-2 in Pompeii between its building and the Vesuvius eruption.

Section view of beaten earth layers in bakery I 12, 1-2 during excavation.

A Pompeiian bakery oven during heating and baking phases.

Distribution plans for Olea europaea and charcoal fragments in bakery I 12, 1-2 during the first and
second phases.

Distribution plan for Olea europaea and charcoal fragments in bakery I 12, 1-2 during the last phase.
Oil presses and perfume workshops in Pomperii.

Known villas with trapetum around Pompeii.

Variations of land use for olive trees according to the culture mode and the estimated Pompeiian population.

viii

15
16
17
40
41
41
41
41
41
56
56
57
64
65
66
66
67
67
72
73
74
75
77

78

79

80

81
83
88
89
90
90
90
91
92
101
103
105
114
122
122
127

128
129
129
130
130



Tables

1.1
2.1
2.2
4.1
4.2
4.3
4.4
4.5
4.6

7.1
7.2
8.1
9.1
9.2
9.3
10.1
10.2

11.1
11.2
11.3

Approximate relative heat values of different fuel types, drawn from a range of sources.

Key temperatures in the working of soda-lime-silicate glass.

Fuel consumption recorded by the Roman Glassmakers furnace project.

Room 18 with unglazed windows.

Room 18 with glazed windows.

Room 18 with windows in January on a cloudy day.

Room 18 with both glazed and double-glazed windows.

Room 18 with unglazed, glazed and partially open windows.

Room 18 with unglazed and glazed windows with no shutters, and unglazed and glazed windows with
closed shutters.

Botanical finds from the large pottery production site in Wadi Qasaba.

Botanical finds from the area of the settlement in Wadi Umm el-Ashdan.

Calorific value of various natural fuels.

Lighting equipment from ten Pompeiian households.

The ceramic oil lamps from Casa del Chirurgo, Insula V1. 1.

Estimated light fuel consumption for 95 commercial structures, ten households and the Forum Baths.
Domestic uses of pomace.

Quantities of pomace required to heat the water used for one press and then all presses in Rome’s
hinterland during a single 90-day pressing season

Relative importance of the main species identified.

Fragmentation of the Olea remains: comparison between the concentrations and the occupation levels.
Summarized results of charcoal analysis: absolute, relative and ubiquity frequency of the taxa.

ix

13
29
30
44
44
45
46
46

47
82
83
94
100
104
105
112

115
123
124
125






Preface

This book arises from a conference held at the British
School at Rome, and the Finnish Institute in Rome,
in March 2013, entitled Fuel and Fire in the Ancient
Roman World. The conference represented the first real
attempt to try to bridge the gap between “top-down’
generalized models about Roman energy consump-
tion (itself, still a relatively new area of research), and
research carried out by artefact and environmental
specialists. In many ways it exceeded our expecta-
tions, although it probably raised more questions
than it answered. As fuel is used in many different
domestic and industrial contexts, the papers were very
heterogeneous; some presenters came from a strong
archaeobotanical background, which is a central area
for fuel research, while others came from social, techni-
cal and economic spheres, opening up the discussion
beyond archaeobotany. Some papers presented more
‘qualitative’ rather than ‘quantitative’ results but, as a
new research area, this was inevitable and qualitative
evaluation can provide the framework for approaching
quantitative studies. Nevertheless, useful quantita-
tive beginnings are proposed in a number of papers.
Although focused on the Roman period, the research
often extended beyond this chronological span, to help
contextualize the results.

We gratefully acknowledge the support and assis-
tance of the British School at Rome and the Institutum
Romanum Finlandiae (Finnish Institute of Rome). In
particular we thank Professor Katariina Mustakallio,
then director of the IRF, for generously hosting the
conference lunch on the final day. The financial sup-
port of the Oxford Roman Economy Project, through

X1

Professor Andrew Wilson, and a significant private
donation from Mr Jim Ball, former Commonwealth
Forests Chairman (administered through the BSR
Rickman Fund) allowed speakers’ travel, accommo-
dation and subsistence costs to be covered, as well as
a contribution towards publication costs. Professor
Wilson and Mr Ball both provided much appreci-
ated moral support and intellectual input, acting as
our major discussants. The McDonald Institute for
Archaeological Research, through its Conversations
series, also helped fund publication. Professor Graeme
Barker (McDonald Institute director to September
2014), Professor Cyprian Broodbank (current direc-
tor), Dr James Barrett (current deputy director) and
Dr Simon Stoddart (former acting deputy director)
all provided advice and guidance over time. This was
much appreciated. Dora Kemp provided initial advice
on manuscript preparation, and after her untimely
death, Ben Plumridge took over the practical side of
production. Maria Rosaria Vairo, then a Masters stu-
dent of the University of Lecce, and Dana Challinor, a
doctoral student at the University of Oxford, provided
significant voluntary support during the conference
and we thank them both profusely. Robyn Veal would
also like to acknowledge the long-term financial and
intellectual support of the Department of Archaeology,
University of Sydney, through much of her early work
on fuel. This led to the opportunity of a fellowship at
the BSR, and the idea for this conference. The feedback
from reviewers has greatly improved the book.

Robyn Veal & Victoria Leitch






Chapter 11

Of olives and wood:
baking bread in Pompeii

Sylvie Coubray, Nicolas Monteix
& Véronique Zech-Matterne

Since 2008, the “Pistrina’ project, funded by the Ecole
frangaise de Rome and the Centre Jean-Bérard, has been
re-studying bakeries in order to define the evolution
from domestic bread-making to commercial baking.
Pompeii has been used as a first case-study because of
the numerical importance of bakeries throughout the
urban space: bread ovens with an internal diameter
equal or superior to 1 m and/or milling equipment
have been found in 42 houses.'

Four of these bakeries have been excavated. Dur-
ing this process, excavated beaten earth floors were
sampled in order to study the botanical remains. It
rapidly became clear that in each of the studied bak-
eries the majority of the preserved fragments were
olive stones, either trapped in the spaces between
basalt stones around the mills or in the beaten earth
floors in use in ap 79. Additionally, concentrations of
stones were recovered in front of, or close to the ovens,
inI12, 1-2 and VII 1, 25.46-47. The limited results
obtained in VII 12, 13, Via degli Augustali, where
problems of conservation restricted the sampling to
101, and in IX 3, 1920, located in the western part of
the Via degli Augustali, where pavements linked with
the bakery were either built over them or were heavily
damaged (Monteix et al. 2011, 311-13), will not be used.
Instead, the two other examples do show interesting
and diverging patterns in fuel use. The bakery inserted
in the so-called Domus Sirici (VII 1, 25.46-47) may not
have been in use for a commercial purpose in the final
phase: on stylistic dating, from ap 70/75 until the erup-
tion, the mills were removed due to a significant change
in the house layout (Monteix et al. 2011, 308-11, 2012,
21-3). Despite these changes, the oven would have
been kept in use for domestic purposes — or perhaps
as a commercial bakery without grinding facilities —as
suggested by the fuel evidence. Our main case study,
both for understanding the evolution of a bakery and
for its fuel use is the bakery situated in 1 12, 1-2. After

121

its first construction — after ap 22, most probably in
the early 30s — it then grew in two successive phases,
first after the ap 62/63 earthquake and later during the
70s. For each of these phases, a rotary mill was added
(Monteix 2016; Fig. 11.1). In the mill-room, the changes
only occurred on the east side of a south-north drain,
producing a major disruption in the stratigraphy. On
the west side, we could not distinguish soils through
a continuous succession of beaten earth layers formed
by fuel residues and ashes (Fig. 11.2); on the east side,
each change showed clear chronological horizons.
Despite this stratigraphic contrast between the eastern
and western side, we laid down a 1-m grid in order to
collect as precisely as possible — within stratigraphic
units — charcoal and vegetal remains.

Sampling macro-remains

The sampling focused mainly on I 12, 1-2 and
VII 1, 25.46-47, the former located at the end of the
Via dell’Abbondanza, opposite to the Forum, and the
latter situated close to the crossroads between the Vie
dell’Abbondanza and Stabiana. In total, 267 samples
representing 1818 | of raw sediment were systemati-
cally collected: 1525 in 1 12 and 293 in VII 1, 25.46-47.
When the sample volume is unknown, a value of 51
has been arbitrary attributed.

Water sieving was carried out systematically on
site, using 2 mm and 0.5 mm mesh sieves. The sieved
samples were open-air dried. Sorting was practiced on
site as well, under a stereomicroscope, at magnifica-
tions from 10 to 60.

The charcoal assemblage examined for this study
was recovered mainly from 98 samples from bakery
112, 1-2. Only 60 samples were positive. A few samples
from bakery VII 1, 25.46-47 helped complete the list
of taxa. In the laboratory, anatomical characteristics
of wood preserved by charring were observed under



Chapter 11

Building of the bakery First extension of the bakery Second extension of the bakery
(Numismatical terminus post quem: Ap 22) (Terminus post quem: Ap 62/63) (Terminus post quem: c. Ap 70/75)

Figure 11.1. Changes in bakery I 12, 1-2 in Pompeii between its building and the Vesuvius eruption
(drawing N. Monteix).

Figure 11.2. Section view of beaten earth layers in bakery I 12, 1-2 during excavation. These layers would have been
created between c. ap 30 and 79 (photo N. Monteix / courtesy Soprintendenza Archeologica di Pompei).
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Of olives and wood: baking bread in Pompeii

a compound microscope, equipped with a reflected
light. Identifications were achieved via the comparison
of the archaeological material with modern reference
material and the descriptions provided by specialized
literature (Schweingruber 1990; Vernet 2001).

Most of the material comes from occupation
levels, which were entirely sorted, but ashy pits dis-
covered at the foot of the ovens and pit dumps also
contained plant remains. These concentrations of seeds
and charcoals, directly associated with the use of the
ovens, represented 13 assemblages. For seed and fruit
analyses, a sub-sampling of 5 cl of the 2 mm mesh
sieving residues was applied to these concentrations.
The sub-samples were all sorted for counting.

Results of the plant remains study

Subsequently, identifications of the fruit and seeds were
made and the total amount of remains established for
each species (Table 11.1). All recovered plant remains
were preserved by carbonization, with the exception

of six mineralized grape pips, found in the occupation
levels of I 12, 1-2. Some 35 samples did not produce
any remains at all, representing a volume of 178.2 1
(about 10 per cent). The total number of remains (NTR)
is 20,705 items, the main part of which — 15,141 items
— comes from the bakery 112, 1-2.

20,598 carbonized items were identified as Olea
europaea endocarps (crushed olive stones, pits and ker-
nels). Olea dominates the plant spectrum with 99.5 per
cent of the totality of the seeds and fruit remains. The
olive stones are well preserved, despite the fact that
they are very fragmented. The edges appear smooth
and rounded, although recent fragmentation causes
sharp breaking. The complete kernels have been sorted
for geometric morphometric analysis and sent to the
CBAE laboratory, Montpellier, France (] .-F. Terral). 518
charred pits were processed (134 for bakery 112, 1-2
and 384 for VII 1, 25.46-47). Geometric morphometrics
and statistical analyses were applied to this material
to determine the characteristics of the olive varieties
used in the ovens (Blanchet 2016). Archaeological

Table 11.1. Relative importance of the main species identified (data V. Zech-Matterne).

VII, 1-25 112,12 Total
Total volume (litres) 293 1525 1818
NTR 5564 15,141 20,705
TOTAL Olea 20,598 (99.50%)
Total other species 107 (0.50%)
Olea europaea endocarps 228 507 735 (4%)
half endocarps 246 399 645 (3%)
fragments 5083 14,135 19,218 (93%)
Cerealia caryopsis 4 4
Hordeum vulgare rachis node 2 2
Triticum aestivum/durum caryopsis 1 1
Bread fragments 1 3 4
Fabaceae seed 6 6
Lathyrus cicera/sativus seed 12 12
Lens culinaris seed 2 2
Vicia ervilia seed 1 1
Vicia faba var. minor seed 2 2 4
Vicia sativa seed 1 1
Corylus avellana pericarp frag. 2 8 10
Cupressus sempervirens bract frag. 1 1
Ficus carica sycone frag. 3 3
Juglans regia endocarp frag. 1 23 24
Pinus pinea bract frag. 1 1
Prunus persica endocarp frag. 1 1
Vitis vinifera pip 29 29
Undetermined seed 1 1
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specimens were confronted to a modern reference
model consisting of 42 domestic and 15 wild popula-
tions, for a total amount of 1558 pits including 1258
cultivars and 300 oleasters. These references have been
gathered in a wide geographical area including Greece,
France, Italy, Croatia, Cyprus, Syria, Lebanon, Tunisia
and Morocco. All these varieties were reclassified in
ten morphotypes by hierarchical ascending classifica-
tion to distinguish correctly one variety to the others.
Although olive remains are so numerous and so well
preserved, it is amazing to note that the total amount
of the cerealia reaches only 7 items and that only one
single grain of wheat was retrieved.

Thirteen other taxa were noted: fruit remains
mainly from hazelnut tree, cypress, fig tree, walnut,
umbrella pine, peach tree and grapevine, as well as
pulses (grass pea, lentil, bitter vetch, celtic bean, com-
mon vetch). Except for Oles, the total amount of other
species represents all together 107 remains and 0.5 per
cent of the total number of items. These species were
present in both bakeries.

Interpretation of plant assemblages

Considering the low representation of species other
than olives, and their scattered distribution in the
archaeological levels, they can probably be interpreted
as consumption leftovers from the daily meals of
the bakery workers. Three species could come from
another source: cypress and stone pine cone bract
scales, as well as peach endocarps may represent the
residues of domestic burnt offerings, as scales are not
edible and peaches were still rare and expensive at
this time (Sadori et al. 2009). The three species form
part of the funeral deposits of a number of tombs and
pyre residues in the necropolis of the Porta Nocera
(Zech-Matterne & Derreumeaux 2013).

The prominence of olive stones within the plant
remains raises the question of their use. Fragmentation
of the stones appears systematic, but to confirm this
first point, the material coming from the occupation
levels and from the concentrated areas was compared

Table 11.2. Fragmentation of the Olea remains: comparison between
the concentrations and the occupation levels (data V. Zech-Matterne).

10 concentrations VII 1, 25.46-47
endocarps half endocarps | fragments Total
188 225 3966 4379
4% 5% 91%

28 circulation levels and refuses VII 1, 25.46-47
40 21 1117 1178
3% 2% 95%
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to the bakery VII 1, 25.46—47 . Ten samples from con-
centrated assemblages and 28 from dispersed refuses

were examined, for a total amount of 5557 Olea remains
(Table 11.2):

In the concentrated assemblages, the complete
stones represent 4 per cent of the total of 4379
remains and the fragments 91 per cent. Fifteen
per cent of the fragments are longer than 5 mm.
In the soil levels, the complete stones reach about
the same percentages (3 per cent) and the number
of fragments is a little bit higher, with 95 per cent
of the total (1178 remains). Most of the fragments
are between 3 and 5 mm.

The results do not differ significantly, so whether
we consider the concentrations of kernels found in
the pits located beneath the ovens as a primary use
residue or a direct refuse after the heating of the oven,
fragmented olive stones were always in the majority.
Such considerable quantities of olives and the sys-
tematic fragmentation of the stones indicates that we
are not dealing with food residues. On the contrary,
with reference to experimental results (Margaritis &
Jones 2008), the fragmentation of the olive kernels is
not due to cooking or heat exposure, with an oxidizing
or reducing atmosphere: even at the highest tempera-
ture (450 °C), all stones remain intact or eventually
split open, taking on an ashy appearance and brittle
structure, but they don’t fragment. Consequently, the
fragmentation took place before carbonization. This
suggests the recovery of the by-products of oil press-
ing as a potential fuel.

Geometric morphometrics brought new outcomes
that helped to characterize the olive assemblage (Blan-
chet 2016). The results did not display any difference
between the two bakeries, in terms of diversity or
morphotypes. The ovens where thus supplied with
pomace probably obtained from the same varieties
of olive. Geometric morphometrics enabled us to
highlight a dominant morphotype (no. 5, and sub-
types 5.1 and 5.2) constituted by many domestic
varieties originating from both the eastern and western
Mediterranean. This morphotype gives a picture of
the complex history of the olive tree domestication
process characterized, under human influence, by
the spread from east to west of selected forms put in
contact with local forms. The domestication of the olive
tree is indeed multi-located, consisting of a primary
centre located in the Near East and many secondary
centres all over the Mediterranean. Phoenicians as
well as Etruscans, Greeks and Romans alternately
relayed the dispersal of olive cultivation. In addition,
only a few stones were attributed to the morphotype
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2 (wild type). Consequently it is quite possible that
fuel consisted only of residues from domestic olives.
Predominance of domestic varieties in the two bakeries
could perhaps be explained by the fact that domestic
trees produce more oil than wild ones. It could thus
be easier to obtain bigger quantities of pomace from
plantations of domestic trees than from the wild or
even cultivated wild trees.

Charcoal assemblage

The evidence acquired so far (Table 11.3) testifies to the
use of a wide range of woody plants, with a minimum
of 19 species for 362 charcoal fragments analysed. The
absolute number of charcoal fragments and their rela-
tive frequency are the two parameters usually chosen

Table 11.3. Summarized results of charcoal analysis: absolute, relative
and ubiquity frequency of the taxa (data S. Coubray) (x =-presence).

Taxon name Count Taxon Ubiquity
per cent (n = 60)
112,12
Fagus sylvatica 207 57.7 70%
Carpinus/Ostrya 36 10 30%
carpinifolia
Quercus (decid.) 20 5.6 22%
Acer spp. 20 5.6 15%
Juglans regia 1 0.3 1%
Corylus avellana 16 45 6%
Rosaceae Prunoideae | 5 14 8%
Rosaceae Maloideae | 2 0.6 3%
Cornus sp. 2 0.6 3%
Quercus (evergr.) 4 1.1 5%
Cistaceae 3 0.8 5%
Rhamnus/Phillyrea 1 0.3 1%
Arbutus unedo 2 0.6 3%
Ulmus/Celtis 2 0.6 1%
Fraxinus sp. 7 1.9 10%
Salix sp. 3 0.8 5%
Coniferae 5 14 3%
Pinus spp. 6 1.7 3%
Juniperus spp. 13 3.6 5%
indeterminate 4 1.1
TOTALS 359 100
bark fragments 3 0.8
VII 1, 25
Vitis vinifera X
Arundo donax X

125

to quantify taxa in charcoal analysis. The criterion of
ubiquity of taxa in different samples and archaeological
features is commonly used to complete the frequency
results and to verify the distribution of the different
species in the various archaeological structures. In this
way we avoid an over-representation due to charcoal
fragmentation.

The taxonomic spectrum identified includes plants
from diverse biotopes — (i) highland forest, (ii) gardens
and orchards, (iii) riparian woodland and (iv) Mediter-
ranean mixed oak forest — thus suggesting that different
areas were exploited as sources of fuel wood. The most
important wood identified was beech (Fagus sylvatica),
which constituted 57.7 per cent of the fuel supply and
is evenly distributed among the samples (70 per cent
of the samples). The major wood types of fuel supply
(beech, hornbeam, maples and deciduous oaks) repre-
sent 79 per cent of the total, supplemented by a large
variety of taxa. Some analyses performed on samples
from bakery VII 1, 25.46-47 complete the list with giant
cane (Arundo donax) and grapevine (Vitis vinifera).

The total of small branches represents 24 per cent
of the charcoal assemblage. Even if the use of both
shrubby and arboreal species is recorded and the fact
that small sized wood is easily obtained from the first,
we observed that beech provided a large amount of the
smaller pieces. The temperature required for heating
the oven can be obtained by using any type of wood,
dense or light, if it is healthy and sufficiently dry. The
temperature reached during combustion depends
more on the mass and shape of the fuel wood than
on the wood species used (Chabal 1999; Théry-Parisot
2001). However, in Pompeii, the taxonomic variety and
the range of diameters used may reflect not only the
existence of an opportunistic organization of supply,
using all the available resources from different envi-
ronments, even recycling pruning remains, but also a
more complex wood market.

Olive pressing by-products used as fuel

Solid residues of olive pressing (named grignons in
French) comprise the epidermis, pulp residues, stone
fragments and kernels. This was widely used all around
the Mediterranean, in antiquity as well as nowadays,
as a fuel. It has a good heating power despite its vari-
ation according to its composition (4780-5015 Kcal/
kg =20-21 MJ/kg = 5.5-5.8 kWh/kg; Mata-Sanchez et
al. 2013). It is easily available, as a by-product from
oil factories (Rowan 2015). Other traditional uses are
fodder (if mixed with twigs and leaves, and after the
elimination of the stones) but also soil improvement
(mainly the water residues, the so-called ‘amurca’
(Nefzaoui 1991, 106-7).
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The implements used for olive oil extraction and
pressing were probably not very elaborate in a domestic
context, but we can presume that the trapetum could
have been used in a more collective environment such
as in the Roman city of Pompeii, where mill fragments
have been recovered. Cato, Columella, Varro and
Pliny describe the steps required to obtain oil and
Pliny recommends the use of oil residues as fuel (NH
15.22). Crushing the olives does not spoil the quality
of the oil, as the seeds contain from twelve to eighteen
per cent of an oil with the same chemical properties
as the flesh itself.

The collection and use of pressed olive residues
as fuel has been established for different situations.
It occurs mainly as an opportunistic procedure to
make the by-products profitable, or to replace wood
in semi-arid environments (together with dung, chaff
and threshing waste). However, this does not necessar-
ily indicate wood shortage. The practice of supplying
domestic hearths and later collective baths and ovens
with olive residues seems to be an ancient one around
the Mediterranean and was already in use at the palatial
settlement of Tel Yarmouth, Israel, during the early
Bronze Age (3500-2000 sc) (Salavert 2008).

In Pompeii, when it was possible to clean or
excavate bakeries with beaten earth floors, olive stones
were observed and sometimes sampled. From these
observations, we formulated the hypothesis that the
ovens in Pompeiian bakeries mainly used oil extrac-
tion by-products as fuel and only occasionally wood.
To test this hypothesis, we decided to take a closer
look at the construction techniques for building the
ovens and how they worked. Pompeiian baking ovens
are generally built on a square base, 70-80 cm high,
above which a dome-shaped baking chamber is added,
directly on the base. The first row of the base is always
made of lava stones. The oven floor, where loaves are
placed to be baked, is made of tiles or square bricks
set on a 1040 cm thick layer of sand that covers the
masonry base of the oven (Monteix 2016). Ethnographic
examples (Adam & Varene 1980, 46-50 min.) and
excavation results (Fig. 11.3) suggest how they func-
tioned. The fire was started with twigs placed in the
mouth of the oven and progressively pushed towards
its end. Small pieces of wood were then added to fuel
the fire. When it had properly started, olive stones
were added as fuel. During this pre-heating phase, the
high thermal efficiency of the basalt ring set around
the base allowed for huge amounts of energy to be
stored, while the sandy layer just under the tile floor
stopped heat from escaping from the base, thanks to
its low heat conductivity, and thus kept it for further
radiative heat transfer. Once the oven was “whitened’
(c. 550 °C), it was no longer fuelled until it reached a
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good temperature (c. 250-300 °C). Then all of the fuel
was taken away and either stocked in a nearby vessel,
such as an amphora or a reused and upturned mill, or
used to heat the water boiler set in the oven. Leavened
dough loaves were then inserted, the iron door shut,
and the baking process started. During this phase,
both the basalt ring and the floor slowly release their
internal heat by radiative and convective heat transfer,
at the same height as the loaves.

Even if both the architectural structure and the
building materials help us with this reconstruction,
one question remains: how and why stones, charcoal
and ashes formed piles away from the oven? In order
to answer this, we attempted to look at concentrations
over time in the mill-room. Before this, problems and
biases linked with the excavation must be underlined.
Firstly, the northbound drain, in which the uppermost
concentration of stones and half-stones was collected,
was repaired many times and none of these repairs
resulted in a proper and tight cover. In ap 79, it was
filled with loose earth, rich with olive fragments and
stones. While the density of fragments is almost equal
to the average found in the bakery, the density for
complete or half-stones per 10 1 of sediment is more
than three times higher in the drain.? The only explana-
tion for such a density would be that those stones and
half-stones were lost in front of the oven, where the
drain with its broken cover passes, and then slipped
away in the canal and sat there.

Itis important to remember that the three identi-
fied phases are of unequal length (c. 32, 8 and 9 years)
and that the data set collected is more precise but less
complete on the east side, due to the many changes
that occurred in this part of the milling room. In order
to partially compensate the use of phases as a time
unit when collecting fragments, we calculated per year
averages for the fragments. Such a statistical mean
helps us to understand the assemblages for each phase
and allows a comparison from one phase to another,
despite the loss of a ‘true’ absolute number of frag-
ments and the use of per year fragment averages. On
the distribution plans (Figs. 11.4 and 11.5), deposits
are expressed in fragments per 10 1 of sediment per
year, inserted in the 1-m grid. For each phase, both
sets of charcoal and olive stone fragments are divided
into quartiles.

No clear pattern in concentration emerges, except
a late and very narrow concentration in front of the
oven. We should emphasize that no beaten earth
floors survived in the oven room, most probably
because of works carried out on the drain not long
before the eruption. Were the ashes — and part of the
not completely consumed remaining fuel — spread
incidentally all around the working spaces? Observing



Of olives and wood: baking bread in Pompeii

Heating
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. Convectivity . Conductivity . Radiation

Figure 11.3. A Pompeiian bakery oven during heating and baking phases. On the left, ‘realistic’ cross-section; on the

right, scheme of thermal exchanges (drawing N. Monteix).

the pattern of the remains, it seems quite unlikely. We
could instead imagine an intentional spreading of the
ashes, perhaps as an insect repellent, as suggested by
Pliny (e.g. NH 18.73).

Moving away from hypothetical explanations,
as a methodological test, the sampling of vegetal and
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carbonized remains with a grid was relatively unsuc-
cessful. Simply choosing samples and sieving would
have been sufficient and clearly less time and energy
consuming. Beyond such practical matters, excavating
bakeries did emphasize the use of olive stones as an
important fuel resource.
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Building of the
bakery

(Numismatical

terminus post
quem: AD 22)

Olea europaea (fragments & stones per 10 | of sediment peryear) Nodata 0 0.8

3.0 87 145

; |
Charcoal (fragments per 10 | of sediment peryear) Nodata 0 0.08 0.09 0.19 0.41

First extension of
the bakery

(Terminus post
quem: AD 62/63)

Olea europaea (fragments & stones per 10 | of sediment peryear) Nodata 0 1.5 53 13.1 1389.6
\ H Bn

Charcoal (fragments per 10 | of sediment peryear) Nodata 0 0.38 2.0 258 11.63

Figure 11.4. Distribution plans for Olea europaea and charcoal fragments in bakery I 12, 1-2 during the first (above)

and second (below) phases (drawing N. Monteix).

This type of fuel could have come from the city
itself, where oil factories or other productive activities
implying the pressing of olives to obtain quantities of
oil did exist in ap 79, though only a few as far as we
know. Among shops and workshops with identifi-
able remains, three perfume workshops — situated in
VII 4, 24-25, in VII 4, 31.51 [?] (Brun & Monteix 2009,
123-8) and in VII 14, 4 (Giordano & Casale 1992, 13-14)
—and one oil factory in the house VI 10, 6, with all of
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the proper material, from trapetum to press (Benedetti
2006, 153—4), are actually known within the city walls
(Fig. 11.6). Outside the latter, within Pompeii’s hin-
terland and surroundings, evidence for oil pressing
has been confirmed through the presence of trapeta
remains (Fig. 11.7).2

Understanding the extent of oil production in the
Pompeiian hinterland is, however, very difficult as it
relies on the random discoveries of ancient villas and
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Second extension
of the bakery

(Terminus post
quem: c. AD 70/75)

Olea europaea (fragments & stones per 10 | of sediment peryear) Nodata 0 2.9

9.5 162 8348

\ H N
Charcoal (fragments per 10 | of sediment peryear) Nodata 0 0.28 0.67 2.01 3.57

Figure 11.5. Distribution plan for Olea europaea and charcoal fragments in bakery I 12, 1-2 during the last phase

(Drawing N. Monteix).

o Oil press
o Perfume workshops

Figure 11.6. O1l presses and perfume workshops in Pompeii (drawing N. Monteix).

presses and trapeta within these premises. Despite these
gaps in our knowledge, the distribution map reveals
two main areas, both of them situated less than 100 m
above sea level: the first to the north of Pompeii, the
second around the hypothetical settlement of Stabiae.
If local oil production cannot be questioned, the area
of land on which it was extended raises many ques-
tions. Using estimated yields for olive trees (Amouretti
& Brun 1993, 553-5), a hectare of olive trees would
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have produced between 199 and 9251 of oil per year,
taking into account a 10 to 20 kg per year growth and
a specific weight of 0.914 kg/I. To this one to five ratio
we must add the great fluctuations in population esti-
mates at Pompeii. Recent studies suggest from 9000
(Flohr 2017) to 15,000 (Veal forthcoming). Despite the
vivid debate around such an important factor, a wider
perspective on oil production is needed; an estimate
of 25,000 people has been proposed for the wider area
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O Villas with trapetum

Figure 11.7. Known villas with trapetum around Pompeii (map base from Kockel 1985, fig. 23 — data N. Monteix).
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Figure 11.8. Variations of land use for olive trees according to the culture mode and the estimated Pompeiian population
(N. Monteix).

130



Of olives and wood: baking bread in Pompeii

of ‘Pompeii and its hinterland” (De Simone 2017).
Using an 18.5 1 per year and per person consumption
(Amouretti 1986, 182-3), the variations in quantifying
population amplify yield estimates: olive trees could
thus cover from 1.8 sq. km (lowest population, high-
est yield) to 32.6 sq. km (highest population, lowest
yield) (Fig. 11.8), if one imagines that Pompeii and
its surroundings were self-sufficient for oil, which
was probably not the case as imported oil amphorae
coming from North Africa (Panella 1977) and Spain
(Manacorda 1977) demonstrate, suggesting in fact a
low level of local production. Those estimates need to
be considered as mere mathematic exercises and, in
any case, only perhaps uppermost figures.

One important question relates to the circum-
stances leading to the use of olive pressing by-products.
Was it a common habit or was it more specifically
linked with wood shortage? The analysis of wood
charcoal sheds some light on this question, but we
should remember that the use of olive stones as fuel
seems to have been in operation all around the Medi-
terranean, and over a very long period of time. They
were used to heat domestic and craft ovens/hearths
but also baths and houses (Amouretti 1993, 472-3;
Bouchaud 2014; Brun 2003, 159) from the Bronze Age to
the Islamic period and up until today. The advantages
of using the olive residues could be their availability
in large quantities, notably in the city where several
craft activities could generate this kind of by-product,
as well as their own qualities as fuel. Even if we do
not know whether olive stones were sold or not, they
were surely not wasted.

The reconstruction of wood management sup-
ports such theories. Studies of charcoal assemblages
carried out over the last few years (Coubray 2013;
Veal & Thompson 2008; Veal 2009, 2014) show simi-
lar patterns in the distribution of fuel, whatever the
context. The major taxa —beech, oaks, hornbeams and
maples — are always well represented in the charcoal
assemblages, with an increase in diversity through
time, especially in the first century ap. This phenom-
enon could be explained in part as the result of the
Sullan colonization in 80 sc implying a reorganization
of the territory (Veal 2014, 37). However, the strong
link between the city of Pompeii and its hinterland
seems to remain stable, contradicting any sugges-
tion of wood shortage in the first century ap. From a
regional perspective, current anthracological investiga-
tions in the city of Cumae in Campania (S. Coubray,
unpublished data) give us the opportunity to outline
the wood trade on a large scale — in which Pompeii
could have played an important role, especially with
respect to beech wood. Around the first century ap, we
observe an important quantity of beech in the charcoal
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assemblage, however nowadays this species is not
present in the surroundings of the archaeological site
and the pollen signal is weak or absent (Vecchi et al.
2000, 78). Beech wood suddenly disappears from the
assemblages during, or at the end, of the first century
AD in a striking correlation with the Vesuvius eruption.
Such a disruption might be explained by the rupture
of a trade route and supply centre. Ongoing isotopic
analyses on modern vegetation around the archaeo-
logical site of Cumae and on archaeobotanical remains
from the different occupation levels of the city will, in
future, shed new light on trade systems (Coubray et
al. 2013; Fiorentino et al. 2015, 221).

Conclusion

The study of the macro-remains (seeds and charcoals)
recovered from soils and occupation levels preserved
in two bakeries of Roman Pompeii has allowed us to
discuss the nature of the fuel used to bake bread there.
In combination with the archaeological observations
made on the ovens, we have reached a better under-
standing of their functioning.

Despite using a very large sample and the fine
sieving of about two tons of sediment, charcoal remains
appear rather poor and the diversity of the plant
remains, seeds and fruits, somewhat limited: olives
represent by far the main component. Crushed olive
stones represent 99.5 per cent of the assemblages and
have been interpreted as olive oil pressing by-products,
intended to be reused as fuel. These kinds of waste
residues have been largely and commonly considered
as a very valuable fuel all over the Mediterranean.
Charcoal assemblage studies indicate stability in the
wood supply of the city.

Several questions remain. What were the rela-
tions between oil factories and bakeries, the modes of
transport and storage of crushed olive residues, the
general organization of the fuel supply, whatever its
nature? To answer these questions, we need to look
more broadly at the surrounding countryside as well.

Notes

Within the 42 ovens acknowledged until now, only 6
to 7 may not have been for commercial purposes and
amongst them at least 4 were out of use in ap 79. One
must also underline that some of the supposed com-
mercial ovens might not have been in use in ap 79.

2 Density in the drain: 8.4 half-stones for 101 of sediment;
11.2 stone/10 1. Average density in the bakery: 2.7 half-
stones/10 1; 3.5 stones/10 1.

3  Known villae with identified trapeta remains on the

Pompeiian territory: La Pisanella (Boscoreale; VR 13);
Fannius Synistor (Boscoreale; VR 16; Brun 2004, 21-2);
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Villa di Civita Giuliana (Proprieta Brancaccio; VR 26;
Della Corte 1921; Oettel 1996, 227); Boccia al Mauro
(Terzigno; villa 6; Cicirelli 1995). Known villae with
identified trapeta remains on the Stabian territory: Casa
di Miri (Stabia, VR 1; Brun 2004, 20-21); Villa rustica di
Capella degli Impisi (Gragnano; VR 6; Miniero 1988, cat.
no. 49, 238-9); Villa rustica in localita Ogliaro (Gragnano;
VR 9; Miniero 1988, cat. no. 57, 238-239); Villa rustica di
Santa Maria la Carita (Petraro, proprieta Gargiulo, VR 96,
Miniero 1988, cat. no. 13, 238-9); Olevano (Pimonte;
Miniero 1988, 254-5); Villa dell’area 167 (Sant’ Antonio
Abate; Mastroroberto & Bonifacio 2002).
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