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Abstract. At the later legionary camp of Vindonissa, early
Roman (Augustan-Claudian) structures were excavated
during a rescue excavation between 1996 and 1998. In
phase 2 (10 B.C. until 0), seven in situ carbonised wooden
barrels, dug into the ground, were found. They belonged to
a rather large building which was most probably used as
storage facility. Two of the barrels contained, in the bot-
tom layers, several hundred seeds and pericarp fragments
of Punica granatum L. (pomegranates). A large number of
other "exotic" plant taxa such as olive, walnut, pine,
pistacio, peach, cherry (and probably date) were also
found in rather large quantities. Above all, the finds of
pomegranates are unique: they are the first finds of this
Mediterranean fruit in regions north of the Alps. The ori-
gin, use, and other archaeological finds of the pomegran-
ate in the Roman period are discussed. A comparison with
other early Roman spectra shows that such large quantities
of "exotic" useful plants are mainly present at larger mili-
tary sites like the legionary camps of Novaesium or
Oberaden. It must also be suggested that the pre-camp
phases in Vindonissa already had a military character, al-
though this is not at all clear from the other archaeological
finds. The precise role of the site is still a matter of debate.

Key words: Roman period — Pomegranates — Storage bar-
rels — Carbonisation experiments — Switzerland

Introduction: the site and dates of the structures, aims
of the research

Roman influence in Switzerland began early. The south-
westernmost part, the Region of Geneva, became part of
the province Gallia Narbonensis in 121 B.C. In 44 B.C,,
the first coloniae were founded. With the conclusion of the
so called "Alpenfeldzug" at 15 B.C., the whole country
was incorporated into the Roman empire (historical data
after Drack and Fellmann [988; Furger et al. 2001).

Correspondence to: Stefanie Jacomet
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Fig. 1. Map of Europe showing the location of Switzerland and
Vindonissa

Vindonissa (today called Windisch, near Brugg, can-
ton of Aargau) is situated in the northern part of the Swiss
plateau (Fig. 1); it is located on a terrace between the riv-
ers Aare and Reuss and so has a good strategic position. At
this location, in early Tiberian times, at about A.D. 15 -
20, the LEGIO XIII founded a legionary camp with
wooden buildings. After A.D. 43, the XIII was replaced by
the LEGIO XXI, which was stationed there until A.D. 69/
70. Afterwards, the LEGIO XI replaced the XXI. These
two legions substituted the wooden buildings with stone
buildings. Vindonissa is the only large military camp in
the area of Switzerland. However, the location was settled
much earlier, as was confirmed by a new excavation at
"Breite" between 1996 and 1998 under the direction of
Andrea Hagendorn of the Kantonsarchéologie Aargau
(Fig. 2). This excavation took place on the spot of the later
principia of the 21st and 11th legion, erected after A.D.
45, It provided a sequence of seven timber building phases
(HP), starting in early Augustan times and lasting until
about A.D. 45 (see Hagendorn et al., in press):
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HP 1: before 10 B.C. (no samples)

HP 2: 10 B.C. - 0 (18 samples)

HP 3: A.D. 0-10 (9 samples)

HP 4: A.D. 10-15 (6 samples)

HP 5: A.D. 15-22/25 (Legio XIII?) (5 samples)
HP 6: A.D. 22/25-37/40 (Legto XIII) (3 samples)
HP 7: A.D. 37/40-45 (Legio XXT) (18 samples)

Dating of the phases was mainly on the basis of ceramics
(Meyer-Freuler, in Hagendorn et al., in press), but also by
coins (Doppler, in Hagendorn et al., in press).

In Vindonissa, it is probable that important roads al-
ready met in Augustan times: one from the west (from the
colonia of Augusta Raurica) to the east (towards
Pannonia), and probably one from the south of the Alps to
the north. These connections were of great importance be-
cause they were the main supporting roads for the
Augustan legionary camp of Dangstetten and an early fort
at Zurzach (Tenedo), situated at the frontier formed by the
Rhine, at a distance of about 20 to 25 km from Vindonissa.
Therefore, it should be assumed that Vindonissa already
had a certain importance in Augustan times.

Until now, almost no botanical investigations have
been undertaken at Vindonissa. There were only some old
investigations of the so-called "Schutthiigel" (rubbish
heap) by Neuweiler (1908, 1927) and Baas (1987); there,
the material investigated cannot be dated precisely. The
studies presented here are therefore the first modern sys-
tematic archaeobotanical investigations of this important
site. The main aim of the interdisciplinary evaluation
project of the site "Breite" was to define the nature of the
site, whether military or civil, before the arrival of the first
legion, and to define what was its role in the wider re-
gional context. The archacobotanical material should give
clues to the interpretation of single structures, but also to
the nature of the site through the analysis of the spectra of
useful plants.
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Fig. 2. Map of the legionary camp of Vindonissa around A.D.
100; the Breite excavation is situated in the region of the
principia (Drack and Fellmann 1988)
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Fig. 3. Plan of the timber building phase (HP) 2, from early Au-
gustan times (10 B.C. - 0). Map by Kantonsarchiologie Aargau

Materials and Methods

Preservation of organic materials, structures and sam-
pling

The site is situated on dry, minerogenic soils. Therefore, only
carbonised and mineralised plant material was preserved. A sys-
tematic sampling was carried out during the excavations at the
site. As many structures as possible were sampled. In total, we
analysed 59 samples with a total volume of 533 litres from
phases HP 2 to 7 (for number of samples per phase, see the list
in the introduction).

The plant remains mainly derive from pits of different shape.
In the following we will concentrate on the structures of phase
HP 2 (10 B.C. - 0) (Fig. 3). In this phase, the remains of a large
building (A, about 14 x 20 m in diameter, see Fig. 3) were
found; it was probably used for storage. This is indicated by
large amounts of sherds of dolia and amphorae, and also by five
pits in which seven wooden half-barrels, dug about 50 ¢cm into
the ground, were preserved in situ (Fig. 4). These barrels were
filled with burnt material to the bottom (Fig. 4). The excavator
(A. Hagendorn) supposes that the fill represents material burnt
in situ, at least partly.



Fig. 4. Some of the carbonised wooden barrels of HP 2. Photo-
graph by Kantonsarchidologie Aargau

In the area south of the barrels, a burnt layer was preserved.
Between the fill of the southern group of barrels (field 34; Fig.
3) and the burnt layer many "Passscherben" (joining sherds
from the same vessel) were found: this indicates that after the
destruction of the whole building there were intensive levelling
activities.

Wooden barrels served in Roman times as wine transport
vessels (see, for example, Desbat 1997). Empty barrels were re-
used as linings for wells, latrines (known for instance from wa-
terlogged sites such as the legionary camp of Oberaden, Kucan
1992), or probably also as underground stores; on dry sites they
are preserved only when they are carbonised in situ as at
Vindonissa. Other examples are known for instance from south-
ern France (Lattes, Fréjus; see Desbat 1997), and for example
also from late Iron Age Manching (Maier 1985). Finds of this
kind are therefore very rare.

The sampling of the seven barrels was not uniform: only
two, in the northern part of the building, could be sampled prop-
erly, following the structures. A bottom layer could then be rela-
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Fig. 5a. Carbonised seeds of Punica granatum L. (pomegran-
ates) from the wooden barrels of HP 2. Photograph by U. M.
Weber, Larix Consult, Basel
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tively clearly separated from a later {ill layer. In the other bar-
rels, it was not possible to differentiate these layers so clearly.
But there too, two samples were taken if possible: one from the
bottom, and one from the later fill. The thickness of the sampled
layers was between 5 and 10 cm.

Preparation of the samples, analysis and identification

Most of the samples (with an average volume of about 10 litres)
were already sieved at the excavation, others in the laboratory at
Basel University. The sieve meshes used were 4 mm, 1 mm and
0.35 mm. Whereas the organic material from the 4 mm and 1 mm
fractions was analysed in full, the 0.35 mm fraction was only
randomly checked, because of shortage of time and money. We
believe that the analysis of the 1lmm fraction is precise enough
to reconstruct to a large extent the function of the structures; it is
also possible to get a rather good overview of the spectrum of
useful plants. Of course, it is not possible to reconstruct the
weed flora, and useful plants with small seeds, such as fig, are
underrepresented.

Identification took place with the help of the known litera-
ture (see compilation in Jacomet and Kreuz 1999) and the refer-
ence collection at Basel University. The pomegranate seeds
were identified by D. Kuan, based on her work in the antique
Heraion on Samos (Kudan 1995). We also tried to identify the
over 7000 pieces of "amorphous" carbonised objects. For this
we artificially carbonised the most common fruits introduced by
the Romans to central Europe (for example Prunus species
(plums), Phoenix (dates), Ficus (figs), Malus (apples), Cucumis
(melon), the pericarp of Punica granatum (pomegranate) at
250° C in sand in a stove. However, only a minor part could be
identified to genus level because the structures are only rarely
specific (see Jacomet in press; Narten 1999).

Carbonisation experiments and "crush test"

The carbonisation experiments had two aims: one was to find
out if it is possible that organic materials were carbonised in situ
in the wooden barrels, 50 cm deep in the ground. The second
was to test whether whole in situ carbonised fruits can break into
small pieces by the levelling activities after the fire which de-
stroyed the building. The experiments were carried out with
pomegranates which were by far the most frequent fruit remains,
especially in the bottom layers of two barrels (see results).

Fig. 5b. Carbonised pericarp fragments of Punica granatum L.
(pomegranates) from the wooden barrels of HP 2. Photograph
by U. M. Weber, Larix Consult, Basel
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Table 1. Carbonised remains of useful plants in the Augustan phases 2-4 in Vindonissa-Breite. Scientific plant names partly after
Binz and Heitz (1990), cultivated plants after Zohary and Hopf (2000). In the totals also not mentioned items are included.

species type of remain HP2 HP 2 HP3 HP 4 Total

(carbounised) only barrels all 18 samples 9 samples 6 samples

{10 samples) (1551 (101 1) (60 1)

1, Cereals
Panicum miliaceum 127 448 56 203 707
Setaria italica 1 1 - - 1
total millets 131 491 57 207 755
Avena spec.grains 2 2 2 1 5
Hordeum vulgare/distichon grain 4 10 2 5 17
Triticum cf turgidum/durum/aestivum grain - - - 32 32
Triticum dicoccum glume base - 1 - - 1
Triticum cf dicoccum glume base - 1 9 9 19
Triticum cf dicoccum grain 3 2 2 7
Triticum dicoccum/spelta glume base - 2 1 1 4
Triticum dicoccum/spelta grain - - - 8 8
Triticum spelta sprouted grain - - - 1 |
Triticum spelta grain 4 8 6 56 70
Triticum cf spelta grain 4 9 - 64 73
Triticum spelta spikelet fork 2 2 - - 2
Triticum spelta glume basc 97 114 82 152 348
Triticum cf spelta glume base 10 10 - 27 37
Triticum monococcum spikelet fork 1 1 - - 1
Triticum monococcum glume base 2 2 1 - 3
Triticum ct monococcum grain - - - - 0
Triticum spec. grain 3 13 10 148 171
Cerealia grain-fragment 126 529 93 752 1374
Cerealia embryo 1 1 - - 1
Cerealia chaff - - - 2 2
total cereals with big grains 261 728 214 1266 2208
total of all cercals 392 1219 271 1473 2963
2. Pulses
Lens culinaris 3 4 - 3 7
Pisum sativum 1 1 7 1 9
Vicia faba 2 6 I 1 8
total of pulses 7 14 22 10 46
oil plants - - - - 0
Olea europaea stone fragment - 1 1 - 2
total of oil plants 6 7 1 - 8
3. Nuts and nutlike plants
Corylus avellana shell fragment 170 259 387 50 696
Juglans regia shell fragment 5 9 22 1 32
Pinus pinea shell fragment 1 1 - - 1
Pistacia spec. shell fragment 1 1 - - 1
total of nuts and nutlike plants 186 290 414 53 757
4. Apples and pears
Maloideae fruit fragment 1 1 - 2 3
Malus spec. seed fragment 1 1 3 - 4
total of apples and pears 3 3 4 2 9
5. Stone fruits
Prunus persica stone fragment - - I - 1
Prunus avium/cerasus stone fragment - - - 2 2
Prunus insititia/domestica stone {ragment - - - 1 1
Prunus spinosa stone fragment 2 2 7 - 9
Varia stone fragment - - - 1 1
total of stone fruits 2 2 8 4 38
6. Other fruits
Punica granatum seed 425 430 3 9 442
Punica granatum pericarp 353 353 - - 353
cf Punica granatum pericarp 608 621 2 33 656
cf Phoenix dactylifera pericarp 316 333 S 8 346
cf Ficus carica fruit flesh 1 1 - - 1
Rubus fruticosus fruit 2 2 1 - 3
Sambucus nigra/racemosa secd - 2 - - 2
Varia stalk - 2 1 3
cf Cucumis melo pericarp 26 27 - - 27
total of other fruits 1733 1773 12 52 1837
7. Various fruit flesh remains (not determinable) 255 332 48 138 518
8. Various amorphous objects (probably fruit flesh) 4228 4841 482 385 5708
total of edible useful plants 6836 8505 1262 2117 11884
total of sceds of wild plants 161 359 125 112 596
Indeterminata 14 196 2 1 199
Varia 128 155 128 87 370
Total of carbonised varia and indet 142 351 130 88 569
vegetative plant remains
curved objects 250 250 2 - 252
other remains 11 16 1 33 50
total of vegetative plant remains 261 266 3 33 302
total of carbonised plant remains (without charcoal) 7400 9481 1520 2350 13351
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Fig. 6. SEM photographs of the cross-section of the pericarp of pomegranate: a: Roman specimen from phase 2, b: artificially
carbonised specimen. Photographs by Labor fiir Rasterelektronenmikroskopie, Basel University

In order to find out how high the temperatures in the soil
could be raised during a fire on the surface, G. Suter (Swiss
Safety Institute) carried out model calculations (see results).
The model is based on a complete burn-out of a wooden build-
ing (dimensions 14 x 17 m). The totally available thermal energy
is calculated based on the combustion energy of the walls, floors
and roof as well as wooden furniture.

For the heat transfer in the soil typical values were assumed.
The model is conservative in the sense that if the parameters
chosen lead rather to higher temperatures than those to be ex-
pected in reality. Some of the building parameters come from
the hypothetical reconstruction of the building by the excavator
A. Hagendorn (see Hagendorn in press and results).

The carbonisation experiments were carried out at the
EMPA at St. Gallen by A. Ritter. A first series of experiments
aimed simply to carbonise whole pomegranates. They were put
in a muffle oven for 1 - 4 hours and exposed to temperatures of
300 - 400° C. Two specimens were carbonised at each tempera-
ture, one of which was in a fresh state, and the other was dried
for several hours and had a hard pericarp.

Based on the results of G. Suter we made a second experi-
ment with the following parameters: slow heating up of the oven
for 8 hours, steady temperature of 150° C resp. of 200° C for 20
hours, followed by slow cooling of the oven for 10 hours.

Then we used a "crush test" to test how easily whole carbon-
ised pomegranates are broken, because, in the Roman material,
only fragments of the pericarp were found, and the seeds also
were present mostly as fragments. The crush test should simu-
late the levelling activities after the catastrophic burning down
of the building. It was performed in a plastic box of dimensions
of 36 x 26 cm. We dropped a bag with 1000 g of sand and gravel
from a height of 60 ¢cm onto the pomegranate. Then, the broken
pomegranates were pounded 15 times with a wooden pestle, ap-
plying minor force. Every stage of the procedure was docu-
mented by a photograph.

Results

The remains of edible useful plants in the Augustan
phases HP 2 - 4 (Table 1)

In the structures of the Augustan phases HP 2 - 4, a total of
about 14,000 carbonised seeds from 33 samples were re-
covered. From phase 5 onwards, mainly mineralised mate-

rial from latrines was found (also about 14,000 items). We
concentrate here on the remains of the Augustan phases,
and so the latter will not be discussed in detail.

Some of the samples, mainly from phase 2, had a very
high density of carbonised seeds and fruit remains. Some
of the barrels especially furnished the highest densities of
plant remains of all 59 samples from the excavation. The
most frequent, identifiable plant remains in phase 2 were
seeds of Punica granatum L. (pomegranates) of which 425
seeds and seed-fragments were found (Fig. 5a, Table 1).

However, the greatest amounts of carbonised plant ma-
terial - besides the dominant charcoal - were more or less
amorphous objects with a fairly distinct cell structure.
Amongst these were about 1000 fragments of a plant tis-
sue, about 1.5 - 2 mm thick on average, and with a rather
dense structure (Fig. 5b); this group was clearly distin-
guishable from the over 4000 other remains of, probably,
fruit flesh (Table 1). Because a large number of pomegran-
ate seeds were identified these remains were compared
with artificially carbonised pomegranate pericarp and they
showed a strong similarity. SEM photographs confirm the
identification as pericarp of pomegranates (Fig. 6).

All the pomegranate remains were concentrated in the
bottom layers of some of the barrels (Fig. 7). This leads us
to suggest that pomegranates were primarily kept in the
barrels. Beside those in the barrels, pomegranate remains
were otherwise very rare (Table 1); only five seeds were
found in other samples of phase 2, three in phase 3 and
nine in phase 4. Securely identified pericarp fragments
were restricted to the barrels, and only a few possible frag-
ments were found outside the barrels and in phases 3 and
4.

Beside pomegranates, many other edible (useful)
plants were found in phase 2, but also in phases 3 and 4
(Table 1). It is worth mentioning that other introduced
species like olive, walnut, pine, pistacio, peach, cherry
and probably also date were present. For Augustan times
this is a very rich spectrum of edible plants, reminiscent of
the spectra of early legionary camps like Oberaden (Kué¢an
1992) or Neuss (Knorzer 1970; see discussion and conclu-
sions).
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barrel barrel burnt layer
30,131 30,133 2 samples
volume not
barrel barrel
34,208 34207 Legend:
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6-10
11-25
>25
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Fig. 7. Density of pomegranate remains in the barrels of phase
HP 2, compared with the densities in the burnt layer, southwards
of the barrels (see Fig. 3)

Results of the model and the experiments

The main result of the fire model is that temperatures
reached in the soil at a depth of 50 - 60 cm hardly exceed
150-200° C, but they last for many hours (Fig. 8). There-
fore, the carbonisation process must have taken place over
a long time, but at rather low temperatures.

The first series of carbonisation experiments - before
the fire-modelling - produced fully carbonised pomegran-
ates at a temperature of 400° C within ! - 2 hours. How-

Temperatures in soil
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Fig. 8. Model of the temperature pattern in different soil depths
during the burning of the building of HP 2 (see Table 2 for pa-
rameters). The modeling is based on the properties of gravel. If
we assume that the barrels were completely filled, a very similar
temperature pattern can be assumed. However, if the barrels
were only partly filled, we can suppose slightly higher tempera-
tures inside (G. Suter, Swiss Safety Institute, Basel)

ever, the pericarp was rather badly destroyed. The rem-
nants of the pericarp and the inner parts with the seeds eas-
ily broke into small fragments with the crush test, mostly
after the first falling event. However, the seeds were still
covered by the remains of the fleshy and juicy parts of the
aril (succulent covering around the seed), and so they did
not closely resemble the Roman specimens.

The second, and much more reliable, experiment pro-
duced totally carbonised pomegranates with a well pre-
served pericarp (Figs. 9a,b). The soft and juicy parts of the
fruit, the arils around the seeds, boiled away. They were
visible as an amorphous black mass surrounding the fruit
(Figs. 9a,b). Both fruits crushed easily after only the first
falling event (Figs. 10a,b). After smashing the fragments
with the wooden pestle for 15 times, there were a lot of
rather small pericarp fragments and whole seeds, but also
some seed fragments (Figs. 11a,b).

The fragments of the pericarp were better preserved for
the specimen carbonised at 150°C (Figs. 9a, 10a and 11a),
and they had a similar consistency to the Roman speci-
mens found at the site (Figs. 12a,b). In contrast, the seeds
of the specimens carbonised at 200° C (Figs. 9b, 10b and
11b) looked very similar, or almost identical to the Roman
specimens (Figs. 13a,b). The soft parts of the arils were
more or less totally burnt away, and the testa (outer seed
coat) itself was visible in most of the specimens.

Discussion
Distribution and origin of the pomegranate

The pomegranate is a large shrub or a tree with big red
flowers. It is widespread around the whole Mediterranean
basin, It grows best in a semi-arid, mild-temperate to sub-
tropical climate. A wet climate is unfavourable. Tempera-
tures below -10° C seriously damage the tree.

The present distribution area of the pomegranate is
strongly influenced by humans. The original area was
much smaller than it is today. According to Zohary and
Hopf (2000, pp 170 ff.) the wild form is widespread in the
regions south of the Caspian Sea, in north-eastern Turkey
and in the southern Balkans (Albania, Montenegro). The
tree was probably cultivated first in western Asia, because
the earliest finds, from the early Bronze Age, come from
that region (Arad: Hopf 1978, Jericho: Hopf 1983). Ac-
cording to Muthmann (1982), the pomegranate spread
westwards to Syria, Palestine and Mesopotamia. In Meso-
potamia, the pomegranate is mentioned in cuneiform
scripts from the second half of the 3rd millennium B.C.
(after Postgate 1987, from Zohary and Hopf 2000). The
pomegranate was probably brought to Egypt from here
around 1500 B.C., through the campaigns of Thutmosis
III. However, there are some earlier finds of pomegranates
in Egypt, dating from the 12th dynasty (early 2nd millen-
nium B.C.; Schweinfurth 1891). Another carly centre of
dispersal of the pomegranate was probably Cyprus during
the 3rd millennium B.C. Pomegranates probably reached
the western Mediterranean and northwestern parts of Af-
rica from here, through the Phoenicians (by the sea route).
Crete was also reached from Cyprus, and finally around
900 B.C. the pomegranate reached Greece. From here the
pomegranate came finally to Italy where it is found from
the Archaic Period (6th/5th cent. B.C., Ciaraldi 1999).



Table 2. Parameters for the fire model (G. Suter), * = calculated
based on model parameters

Mode! Parameters Typical range Values for the model

(Fig. 8)
from to

Heat conductivity of 1.4 21 2.1 W/mK

material above fruit

Heat capacity of 800 2500 1000 Jkg*K

material above fruit

Density of material 600 2500 2000 kg/m’

above fruit

Ambient temperature -5 30 25 °C

Surface temperature 600 1000 800 °C

below fire

Heat flow into soil / - - 10 %

total heat production

House

Length - - 17 m

Width - - 12 m

Height - - S5 m

Dividing walls (lengths) - - 1

Dividing floors (height) - - 1

Dividing walls (width) - - 3

Thickness of walls - - 5 cm

Factor for wooden - - 1.5

furniture

Density (wood) - - 600 kg/m®

Heat of combustion - - 20 Mlkg

(wood)

Total volume of wood* - - 91275 m?

Fire load per m?* - - 5369.11765 MJ/m?

Maximum burning time - - 35 h

(approx.)*

Other archaeological records of pomegranates

The finds of pomegranates in Vindonissa are already in
themselves unique. The large quantities found there are
outstanding. Until now, there was no direct proof of pome-
granates north of the Alps in Roman times. There are some
Terracottae from Nida-Heddernheim (Germany; Riiger
1980) but no plant remains. The earliest come from medi-
eval latrines, one from Konstanz (Germany, A.D. 13th
cent., Kiister 1988) and one from Oostende/Raversijde
(Belgium, A.D. 15th cent.; Pieters et al. 1995). Most of
prehistoric or classical finds come from the Near East,
Egypt and the eastern Mediterranean region (see Hopf
1978, Hopf 1983; Schweinfurth 1891; Hepper 1990;
Hjelmgvist 1979; Kroll 1982; Kucan 1995). Recently,
some pomegranates were also detected in more western
parts of the Mediterranean: in southern Italy in a sanctuary
of Demeter and Persephone in Oria, Apulia, from Archaic
(6th/5th cent. B.C.) and Hellenistic (4th/3rd cent. B.C.)
times (Ciaraldi 1999). These are the oldest finds in Italy.
Most recently, uncarbonised pomegranates were recov-
ered from the Greek colony of Massilia, in southern
France (5th cent. B.C., Bouby and Marinval 2000). The
cultivation of the pomegranate had probably reached the
western Mediterranean by this time.

Roman finds of pomegranates are known only from
southern Italys They come from the sites near Vesuvius,
from Pompeii and villae nearby (Meyer 1988; Ciaraldi
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1997; Ciaraldi and Richardson 2000; Ricciardi and Aprile
1988). They begin in the 2nd cent. B.C., but the majority
comes from Flavian times, preserved by the eruption of
Vesuvius in A.D. 79. In the villa of L. Crassus Tertius in
Oplontis, a pit with thousands of pericarp fragments was
found. They come from unripe pomegranates and were
probably used for tanning (see Meyer 1988, p. 208). These
are the only finds of pericarp known until now. Finds of
pomegranates are also rare in Italy; however, it is known
from written sources, that pomegranates were highly re-
garded in Rome. Pomegranates are also very common as
pictures or reliefs, for example in Pompeii (Muthmann
1982; Fig. 14). To conclude, pomegranates also seem to
have been rather a luxury fruit in Italy.

Use of pomegranates

According to classical authors, there were already several
varieties of pomegranates in Roman times (André 1998).
Written sources and pictures suggest that the use of the
pomegranate was diverse. There are many references to
the cultivation, and above all the preservation of pome-
granate by the classical authors (see compilation by André
1998). First of all, pomegranates were a highly esteemed
edible fruit. In cookbooks for the upper class, like Apicius,
pomegranates are mentioned regularly. In the "Cena of
Trimalchio" (Petronius 31, 11, A.D. Ist cent.) "Syrian
plums with pomegranate seeds" are mentioned. This sug-
gests that pomegranate was a rather luxurious dish. The
rich people liked mostly imported fruits from Carthage,
but also from some regions of Greece (see Muthmann
1982, footnote 327). In addition, a fruit juice (today called
"grenadine") was made from pomegranates. Ciaraldi
(1999) suggests that pomegranates were of great impor-
tance as sources for juice making because, before the in-
troduction of citrus fruits in the early middle ages (Zohary
and Hopf 2000, pp 184 f.), pomegranate was the only reli-
able source of juice. The juice can also be used to mari-
nade meat, and the proteolytic enzymes it contains pre-
serve the meat. Ciaraldi (1999) mentions the making of
jam from pomegranates. Dried seeds were apparently an
interesting alternative to dried raisins in cakes. They can
also be used as a spice. In Roman times written sources
also mention drying of the seeds to be eaten as a snack
(homepage Graz University www-ang.kfunigraz.ac.at/
~katzer/germ/). There are also several medicinal uses (see
homepage www.naturopathic.org and Ciaraldi 2000). The
pericarp of unripe fruits can be used for tanning, because
its high content of tannin (mentioned by Plinius; see
above, pit filled with unripe pomegranates in the Oplontis
Villa). The pericarp of pomegranates can also be used for
dying; the colour produced without chemical additions is
lemon-yellow or reddish-brown (Roth et al. 1992; Polunin
1971). Above all, the pomegranate has a great symbolic
significance (Dierbach 1833). It is an attribute of Hera or
Juno; classical statues of Juno always have a pomegranate
in her hand. Juno was a goddess of marriage and fertility.
Therefore, the pomegranate played a role during wedding
ceremonies. Muthmann (1982, pp 102 ff.) describes sev-
eral rites during which the gods and goddesses are men-
tioned in combination with pomegranates.
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Fig. 9. a: artificially carbonised pomegranate (150°C, 20 h), b: artificially carbonised pomegranate (200° C, 20 h). Photographs by

S. Jacomet

Time of ripening, storage, durability and transport of
pomegranates

The time of ripening begins in autumn (Ciaraldi 1999) and
lasts for several months. The fresh fruits cannot be kept
well for a longer time (several weeks). The biggest prob-
lem is that they are highly sensitive to pressure. If they
have damaged parts they begin to rot very quickly. There-
fore it was very important to pack them very well before
transport so that they could not get damaged. In classical
texts there are several descriptions of the conservation and
storage of pomegranates (André 1998, pp 73 ff. according
to several classical texts like Plinus, Varro and others). In
rural farmsteads special fruit-rooms were installed
(pomarium) which could be equipped very luxuriously
(for example with a lining of marble) to preserve the fresh-
ness of the fruit. The fruits were put on shelves, which

- 2 .

were covered with straw or wood chips. The fruits should
not touch each other. It is also known, that the fruits were
covered by a layer of plaster, wax or clay, which prevent
evaporation. Alternatively, they were put for a very short
time into hot, salty water which caused the pericarp to be-
come hard. Our own experiences show that when the
pericarp is dried, pomegranates can last for several weeks
without damage. However, the most common method of
conservation was underground storage in closed vessels
which were pitched and hermetically sealed. This is
strongly reminiscent of the carbonised barrels of the
"Breite" excavation.

To conclude, it seems that pomegranates were rather a
luxury fruit, used mainly by the upper class in the Roman
motherland. Conservation and transport were a problem
because of their high sensitivity to pressure.

, : g —1
Fig. 10. a: artificially carbonised pomegranate (150° C, 20 h) after the first falling event of the crush-test, b: artificially carbonised
pomegranate (200° C, 20 h) after the first falling event of the crush-test. Scale = 1 cm. Photographs by S. Jacomet



Fig. 11. a: artificially carbonised pomegranate (150° C, 20 h) after treatment with the wooden pestle, b: artificially carbonised
pomegranate (200° C, 20 h) after treatment with the wooden pestle. Scale = 1 cm. Photographs by S. Jacomet

Storage of the pomegranates in Vindonissa

Because pomegranates were concentrated in the bottom
layers of two barrels (Fig. 7) we made the hypothesis that
they were stored in the barrels. On the basis of information
from the classical authors (André 1998), this hypothesis
seems to be reliable. The other remains found in the bar-
rels are more likely to be secondary fills, because they are
also widespread in the burnt layers, in contrast to the
pomegranates. In addition, they are not concentrated in the
bottom layers of the barrels (for more detailed discussion
see in Hagendorn et al., in press and Jacomet, in press).
They were mixed together during the intense levelling ac-
tivities after the fire, which also lead to the spread of frag-
ments from the same ceramic vessel over the whole area.

From the experiments it also seems very probable that
whole pomegranates were burnt in situ in the barrels. They
were most probably exposed to rather low temperatures,
probably not very much higher than 150° C, but for a long
time (more than 20 h). Therefore they carbonised slowly,
with a very limited supply of oxygen. The soft and juicy
parts boiled away more or less totally, leaving seeds with-
out visible arils as shown in the experiment. At the end of
the experiment the burnt soft parts formed an amorphous
mass, and a similar product probably contributed to the
"fatty" consistency of the carbonised bottom layers of the
barrels observed during the excavation (Hagendorn et al.,
in press). The high degree of fragmentation of the pericarp
was easily reproduceable with our experimental methods.
It is likely that the levelling activities after the burning
down of the building in the Roman period produced a
greater degree of destruction.

What type of settlement was Vindonissa in Augustan
times?

It is highly disputed whether the pre-legionary phases in
Vindonissa were influenced by the Roman army or were of
a more civil character. To contribute to this discussion
from the archacobotanical point of view, a compilation of
the useful plant spectra of 49 early Roman sites (including
Vindonissa-Breite HP 2-5) from Europe north of the Alps

was made (Table 3). These sites are situated in Switzer-
land, Germany, Belgium, the Netherlands and France.
Here we will only look at the useful plants which were in-
troduced by the Romans, at least in any large quantities,
and which are therefore absent from or only present in
very small quantities at Iron Age sites. Only figs, grape,
coriander, celery and dill were found at very few sites like
Hochdorf (Stika 1999), Bibracte (Mont Beuvray; Wiet-
hold 1993, 2000) or Basel-Gasfabrik (Basel Lab, unpub-
lished). To summarise, such useful plants are not present
regularly and never in large quantities in late Iron Age
contexts. At the present state of research it can be con-
cluded that the Romans introduced them on a larger scale.

For the compilation, only early Roman sites were con-
sidered which should be datable as precisely as possible
(not later than Claudian-Neronian, A.D. 40 - 70). For each
site, we tried to treat all datable contexts separately. Most
of the sites considered were inside the "/mperium
Romanum"; sites outside were taken into consideration
only when the presence of the Romans was proven by finds
of ceramics (for example Bentumersiel in northwestern
Germany, Behre 1977). As far as possible from informa-
tion in the publications, we considered the location of the
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Fig. 12, Pericarp fragments of pomegranate a: artificially car-
bonised (150° C, 20 h), b: some early Roman specimens from
the barrels of phase 2. Photographs by U. M. Weber, Larix-Con-
sult, Basel



Table 3. Finds of useful plants in early Roman sites north of the Alps (includes only the taxa which were introduced on a large scale by the Romans). Chronological order (as far
as possible) within the groups C = civil, M = military, CMC = civil site with military character. Kalkriese: material from a drawbar cap (Deichselkappe), carb=carbonised (site on
mineral soil), sf = subfossil (waterlogged site), min = mineralised (site on mineral soil),

7=

? = not indicated in the publication; met. = metal encrusted; Oberwinterthur (Jacquat 1986):
new chronology, according to Thomas Pauli from the Kantonsarchiologie Ziirich, 2001; Auerberg (Kroll 1994): filling of a vat made from Abies wood; Novaesium (Knérzer 1970):
sites included only if securely dated to the Augustan period and the first quarter of the Ist cent. A.D.
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imports and p P newly i d, but local production possibl
MNauss (Novaesium) M TE4 1 196 [ 1 H 100 1835 D Augustan, B.C. feglonary camp M carb ] 7 1072 [Kndrzer 1986, 1970
Oberadan M 3 30687 21 g 12 18073 1007 4528 2 1 52|0  Augustan 11-87 B.C. legionary camp M sflearb) | 36 ca. 1201 >50'000 |Kuean 1992
Tongeren 1A M 2 B Augustan 10 B.C, Toet? M carty 16 1801 1015 |Cooremans & Vanderhcavan 1992
Kalkricse ] 0 AugustanAD. 9 battlefisld (Varus battiz) M met 1 ? =100 |Dieckmann et al 1997
Nijmegen M 1 NL Augustan fegionary camp M carb 5 ? 17 |De Hirgh & Kooistra 1995
Mainz M 1 9 4 o AD. early 13 legionary camg M min ? T >100  |Baas 1971
‘Windisch {Vindonissa) HPS M 2 2ef T 7 1 123 1 1|CH Tiberian AD. 15-20  legionary camp M carb - 1] 857 |Jacometin press
Neuss (Novaesium) M 18 34 538 1 18 4 16 0 AD050 legianary camp M carb 27 7 > 100000 | Knorzer 1670
Mainz-Weisenau M 452 8 D AD 050 leg-onary camp M min ? ? >500 |Baas 1971
Mainz M T 0 AD 050 legionary camp M min 7 ? »50 |Baass 1971
Alphen aan de Rijn M 521 3 1 34 150 103 al::] H] 39 3|NL_AD. mid 15t C fort M sficarn) | § 251  >12000 |HuijperTumer 1992
‘Windiach {Vindonissa) HP2  CMC| P-4 11 33AcF 1 1 TEEof 8 1 CH Augustan 10 8.C. 0 nol clear CMC cart 31 3041 9546 [Jacomet in press
‘Windisch {Vindonissa) HP3 CMC 1 4 2 2 CH Augustan A.D. 010 not clear CMC carb 18 1451 2083  |Jacometin press
Windisch {Vindonissa) HP4  CMC 2 11cf 1 10 4 1 2z 2 8 F 3[CH Augustan A.D. 10-15  nat clear CMC carty 8 @8l 2205 |Jacomstin press
Kaln CMC| 3 3 2 1 1 1|0 Augustan oppidum {pre-colonia period) CMC st 5 21 200 ca |Knérzer 1587
Basel CMC CH Augustan wvicus (near fort) CMC carb 3 1211 3075 |Brombacher 1985
Tangeren CMC B Augustan-Tibaerfan civitas capilal? CMC carb, min| 1 0! ca 150 |Cooremans 1995
“Tongeren | chc B latz Augustan-Tiberian civitas capital? CMC carb? 5 501 ca 50 |Pals 1587
Tengeren 1B CWC| B late Augustan-Tiberian civitas capilal? CMC carb 1 301 2474 |Cooremans & Vanderhoeven 1992
Auerberg CMC 272 5 13 3 1 77 5 20 10 AD. 10-40 not glear CMC sf 2 7 ca 600 |Kroil 1984
Kemgten CMC & 1t |0 AD. 2040 townffort {cremation graves) CMC carb 2 ? 57 |Willerding 1078
Bentumersiel CMC 0 AD 050 rurgl site CMC sf+carh | 20 ? 58356 |Behre 1977
Kain CMC| 1|0 befors AD. 50 oppidum {pre-colonia period) CMC cart 2 041 ca15000 |Knérzer 1587
| Aachen CMC 6 D AD. 30-60 thermas and vicus CHC sf 5 51 =300 [Knérzer 1967
Aachen CMC 24 9 7 2 15 3 ] 2|0 AL 41/42/53 thermas and vicus CMC sf 13 13 >000 | Knérzer 1967
Zurzach CMC 150 49 312 4 40 1 9 9 12|CH A.D. 30-70 vicus {rear fort)) CMC min 4 411 1520 |Jacomet & Wagner 1994
Tongeren [} [ 2 B 12 1 B Claudian civitas capital? CMC carb 31 31001 8674 |Cooremans & Vanderhoeven 1992
Tongsren || CMC B Claudian civitas capital? CMC carh? 8 ] *500  |Pals 1987
Tongeren Il CMC 2 1 B Neronian civitas capital? CMC carb, min| 27 2701 22480 [Cooremans & Vanderhoaven 1982
| Tongeren il CMC B__Neronian civitas capital? CMCecab? |3 301 >8000 |Pals 1987
Conchil-Le-Temple [ F  eary Augustan rural site, "proto-Villa™ S carb 4 a0l *135  |Matterna-Zech 2001
|Conchil-Le-Temple C F  Auguslan rural site, villa [ carb 28 5201 =300 |Matierme-Zech 2001
| Oberwintartwr [+ 1 1 CH Augustan AD. 7 VIGUS G uncarh 1 300g =000 |Jacguat 1986
Jouars-Fonchartrain c F Augustan vicus C cah? 2 201(7) =600 |Mattemne-Zech 2001
Bibracte (Mont Beuvray) c 2 F  Augustan oppidum (callar) T carb 7 1) 20505 |Wiethold 15962
Bitracte (Mant Beuvray) c F  Auguslan appidum (callar; jar) C  cab 1 21 23649 |Wiethold 1998
Bibracte {Mant Seuvray) c 1 F  Augustan oppidum (ceflar; fire place} ©  carb 1 Ml 111 |Wisthold 19950
Bibracte {Monl Beuvray) [ F Augustan oppidum (cremation graves}) C carb 2 20ieca ar  |Wisthold 10950
| Omerwinterthur [+ 40 11 3 CH AD. 20 ViCUS c carb? 15 15009 >1000 [Jacquat 1986
Augst (imber bullding phase) C CH AD. 0-30 colonia C  cab 9 12 225 |Dick 1988
Augst (imber buiiding phase) C CH A.D. 10520 - TO/S0 colonia G cab T 481 542 |Petrucci-Bavaud in press
| Jouars-Ponchartrain c 3 F  post-Augustan vigus. C  cath,min| 3 301(7} >400 |Matterne-Zech 2001
Obarwinlertr c 3 1 2 2 1 50 50 1 CH AD. 30/33-48/51 vigus. C  uncark & 1800g >1000 |Jacquat 1926
Salothum c 1 5 CH AD. 25-50 vicus C  carb 11 =118k 21 |Jacomet unpublished
Salothurm c 2 CH before AD, 56/57 vigus C  cab 13 »Gkg 21 |Jacomet unpublished
Oberwmnlariur [ 128 8 52 1 5 " 1 23 CH AD. 42-70 vieus c  af 2 B00g 1000 |Jacguat 1936
Pulheim [ D AD siC rural sile (before villa) C cah 26 ca 8801 4000 (Becker 2000
[Opparsholen c D AD. 050 rural Germanic site C  carb 5 631 T2 |Krewz 1953
Les Plas 7 1 F__Augustan cramation graves 7 carb e 7 55 |Passalac in Marinval 1983
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Fig. 13. Seeds of pomegranate: a: artificially carbonised (200°
C, 20 h), b: some early Roman specimens from the barrels of
phase 2. Photographs by U. M. Weber, Larix-Consult, Basel

investigated structures within the sites (for example, was a
latrine used by a centurio like in Alphen/NL (Kuijper and
Turner 1992) or by soldiers?).

The definition of a site as "military"” or "civil" was very
important for comparisons with the Vindonissa-Breite
site. Eleven of the sites considered here are clearly of a
military character; these are for example the big legionary
camps at the Rhine frontier like Mainz (Mogontiacum),
Neuss (Novaesium), and Nijmegen (Noviomagus) but also
Oberaden (bibliography see Table 3); they all begin in
Augustan times. 18 of the sites are almost certainly of a
civil character. These are coloniae (towns) like Augusta
Raurica in northwest Switzerland, or some vici which are
not connected with forts such as in Switzerland, Solothurn
(Salodurum) and Oberwinterthur (Vitudurum), or in north-
ern France, Jouars-Ponchartrain (= Diodurum; for the bib-
liography, see Table 3). Some rural sites, where later
mostly villae rusticae were built, were also considered.

In some cases it was not clear whether a site had a mili-
tary or a civil character. For that reason we created the
term "civil site with a military context" (cmc). This applies
to a group of 16 sites (without Vindonissa-Breite HP 2 -
4), which are of a civil character. But it is known from the
archaeological record that there was a strong presence of
military personnel at the site, as for example at the ther-
mae of Aachen, which were visited by large numbers of
soldiers of the lower Rhine army. One site could not be
grouped.

Because the state of investigation of the sites is ex-
tremely heterogeneous it is not possible to compare the
numbers of the plant remains recovered (see Table 3). In
addition, the preservation of the structures is not the same
(some are waterlogged, some not; table 3). However, in
every group of sites (civil, military or civil but with a mili-
tary character) every type of preservation is present.
Therefore, some trends can be seen by analysing the spec-
tra of useful plants, but mainly the presence or absence of
taxa has to be considered.

The plants introduced by the Romans can be divided
into two groups. 12 taxa are of an "exotic” character: it is
not possible to grow them north of the Alps, or at least not
easily, for climatic reasons (pomegranate, pepper, date,
fig etc.). Twenty taxa can be grown locally, vegetable
plants (celery, chard), spices (coriander, dill etc.), nuts
(walnut) and fruit trees (cherry, plum etc.). Fruits of this
latter group were probably imported too in the earliest
phases after the Roman conquest.
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The group "exotic” taxa is present at 16 of the 49 sites
(Table 3). They are clearly concentrated on military sites
(in 7 of the 11 sites present). In this group, often several
"exotic" taxa are present together, such as rice, peach, ol-
ive and chickpea in the early Augustan features
("Fundstelle 76") in the legionary camp of Novaesium
(Knérzer 1970) and figs, pepper, olives and almonds in the
early Augustan legionary camp of Oberaden (Kucan
1992). In the "civil sites with a military context" group
there are "exotic" plants at 7 of the 16 sites, but at six of
these sites only one taxon is present. At five sites this is
fig, at one it is olive. Only at Aachen-Hof, Schnitt 28
(Knorzer 1967), are two taxa present (fig, olive). Finally,
of the 18 civil sites, "exotic" plants are present at only
three: fig and peach in two different phases at the vicus
Vitudurum (Oberwinterthur; Jacquat 1986) and two olive
stones in Bibracte (Pature du Couvent; Wiethold 1996b).

If we have a look at the second group of plants intro-
duced by the Romans, there is also a clear concentration
on military sites; taxa of this group are present at 9 of the
11 sites. Also here, most of the finds come from the big
legionary camps. Celery, dill, coriander, apples, cherries
and plums were the most important useful plant taxa. In
the group "civil sites with a military context", taxa of this
group are present in 8 of the 16 sites. 5 to 6 taxa were
found together at the Auerberg (Kroll 1994), Cologne
(Knorzer 1987), Aachen (Knodrzer 1967) and Zurzach
(Jacomet and Wagner 1994); these are places with a strong
military presence nearby or even at the site. In civil sites
this group of taxa is not frequent, they occur in 8 of the 18
sites; more than two taxa were found only at Oberwinter-
thur in different sites (Jacquat 1986).

Above all the group of "exotic" taxa strongly concen-
trates on military sites or sites strongly influenced by mili-
tary activities. This is also the case for most places of the
second group. However, only in very rare cases it is possi-
ble to determine which grades of the army really were eat-
ing the introduced plants. There are two examples where
an investigated structure can be connected with a special
person or group of people:

- Latrine 47b from the legionary camp of Oberaden in
northern Germany (Kucan 1992), dated to Augustan
times, belonged to the buildings of centurions (officers).
From the total of 11 taxa found there 4 were sure im-
ports, including almonds, olives and pepper. Grape and
other taxa of the second group found there were prob-
ably also imported. In most of the other samples in
Oberaden (in total from 11 features) only 2 - 3 imported
taxa were present (celery, coriander and fig). However,
there are two other pits with pepper, but for these the
exact contexts are unknown. Nevertheless, it seems clear
that pepper, olives and almonds were more luxuries,
whereas figs or coriander had a much more "ordinary"
status. Therefore, it is not surprising that the latter group
is present at many sites (Table 3).

- in the latrine of a centurion, in the castellum of Alphen in
the Netherlands (Kuijper and Turner 1992) olives, cel-
ery, dill, coriander and cherry were present.

To conclude, Roman officers, at least in the bigger le-
gionary camps were consuming rare and exotic plants.
Foods like figs and coriander were more widespread and
were probably also consumed by lower ranks and civilians
(see also the compilation by Bakels and Jacomet, in press).
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Fig. 14. Wall painting from Pompeii (Casa di Successus) show-
ing a child with a pigeon and a pomegranate. From "Pompeji
wiederentdeckt", Antikenmuseum Basel (1994)

Conclusions

It could be shown by the experiments that most probably
whole pomegranates were stored in wooden barrels in
Augustan Vindonissa. They were carbonised in situ and
highly fragmented during the levelling activities after the
fire. But who used the pomegranates, as well as the other
stored fruits, wine, olive oil and fish (mackerel)? As the
spectra of other early Roman sites show (Table 3), the
Roman military played a very decisive role in introducing
new plant taxa. Already during the first phases of the Ro-
man conquest large quantities of very "exotic" taxa
reached at least the big legionary camps very far away
from the Roman "motherland".

In Vindonissa, in the Augustan phases several taxa of
imported plants were found (Tables 1, 3). A maximum of
seven taxa of "exotic" plants was present in building phase
2, in the other building phases, 3 and 4, respectively two
and four taxa were present. "Exotic" taxa which are nor-
mally absent in early Roman contexts were present includ-
ing pomegranates, pine, pistacio and probably also melon.
Also the large quantities of probable dates are almost
unique; only a few are known from early Roman contexts
from a grave at Kempten (Willerding 1978; Table 3). The
rather large quantities of walnut shells in Vindonissa-
Breite are very remarkable, too; until now, only 4 walnut
shells from early Roman contexts were known from the le-
gionary camp of Novaesium (Knorzer 1970; Table 3). If
we exclude the ca. 40,000 fig seeds from Oberaden, where
waterlogged conditions caused the preservation of a large
number of specimens, the largest quantities of imported
fruits from early Roman contexts north of the Alps were
found at Vindonissa-Breite (Table 3). If we consider that
carbonisation always results in a large loss of information,
the amount seems even more extraordinary. Therefore, on
the basis of the spectra of useful plants it must be sug-
gested that in early Augustan times there were possible
consumers of luxury goods, probably among the higher
military ranks at the site itself or nearby.

From the excavated features and the other archaeologi-
cal finds it would not be possible to conclude a unique
importance of the site in Augustan times. The building it-
self has a Celtic character; however, the amalgamation of

several buildings into a complex shows a Roman influence
(Hagendorn, in press). The spectrum of coins seems to
show a military presence on the site but is not extraordi-
nary (Doppler, in press). The spectrum of metallic objects
seems to indicate the presence of military personnel, but
also Celtic people at the site (Huber, in press). As ex-
pected in this time, there is hardly any glass (Finf-
schilling, in press), but compared with other sites in Swit-
zerland of a similar date there are many lamps (Kéch, in
Hagendorn et al., in press). The spectrum of ceramics in-
cludes some rare imported types from I[taly; but the major-
ity of the forms are Celtic, indigenous types (Meyer-
Freuler, in press). In the building, there are many ampho-
rac from the Iberian peninsula present, in which wine, ol-
ive oil and fish-sauce were imported (Martin-Kilcher, in
press). This and the presence of barrels (some of which
were secondarily used as storage vessels) point to a mas-
sive import of wine which suggests the presence of mili-
tary consumers (Hagendorn et al., in press). The presence
of Mediterranean mackerel and the bones of songbirds
point to Mediterranean food habits (Hiister-Plogmann, in
press). The remains of the larger animals point to higher
social levels (Pfaffli and Schibler, in press).

To summarize, compared with other sites of the same
date there is a suggestion of special, probably upper class
people present at or near the site, but the majority of finds
points to a more ordinary character. The project clearly
shows therefore that archaeobotanical investigations make
a serious contribution to the interpretation of the impor-
tance of a site. Only in such an interdisciplinary way it is
possible to establish the real importance of a site. How-
ever, because clearly comparable sites are totally lacking,
it is very hard to define the role of the site at the moment.
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