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Introduction

Based on the latest research results 
from the EU project PalaeoDiversiStyria, 
which examines the human habitat in 
Styria and northern Slovenia from an 
archaeological and botanical point of 
view, the exhibition Earth–Water–Fire 
aims to illustrate both agricultural and 
nutritional practices of the past. The 
exhibition focuses therefore on the 
 sensational discovery of two wooden 
well boxes: One dates back to the 
Bronze Age and was recovered in Wohls-
dorf near Wettmannstätten in western 
Styria, while the other is Roman and 
was discovered in the eastern Slovenian 
village of Dolga vas. However, it is not 
only the preserved wood that provides 
amazement, but also the contents of 

the filled wells, a sort of “database” for 
many a forgotten plant. With the help 
of archaeobotany, which focuses on the 
research of plant remains, it is possible 
to reconstruct the agricultural and the 
nutritional habits of the people at that 
time.  

The exhibition shows visitors the 
 possibilities of modern archaeological 
and archaeobotanical research and puts 
the findings of that research in the 
 context of the challenges that water 
supply, agriculture and nutrition faced at 
the time, and are still facing now.



Well in Wohlsdorf, view towards south. 
Photo: ARGIS, 07/10/2009.

The prehistoric settlement  
of Wohlsdorf 

A settlement existed in Wohls-
dorf from the Middle Bronze 
Age until the time of the 
Urnfield culture (1,500-1,200 
BC). This settlement consisted 
of loosely scattered building 
groups, which together formed 
homesteads (“small family 
association”). The buildings 
had varying orientations and 
do not show any superordi-
nate building plan.

Nevertheless, it is necessary 
to distinguish between long-
houses that served residential 
purposes, and post houses 
that can be interpreted as 
both residential and agri-
cultural buildings. The walls 
between the posts were made 
of wickerwork and plastered 
with clay, and the floors seem 
to have been elevated with 
several layers of wood, the 
uppermost of which were also 
sealed with clay. As these 
buildings were typically no 
wider than 3 metres, a purlin 
roof was sufficient. Where 

ridge posts were found, ridge 
construction is naturally 
assumed. In two cases, a 
pent roof can also be recon-
structed. The buildings there-
fore fit into the familiar image 
of settlements of that time. 

In the vicinity, there were also 
several waste pits, two stor-
age pits and a work pit with a 
roof construction (presumably 
a combined threshing and 
grinding space for grain) as 
well as a pit for clay excava-
tion. Furthermore, a mixing 
pit, a temporarily used water 
hole or cistern, and a pit for 
vegetable tanning were also 
discovered nearby. 

The few remaining fireplaces 
(for cooking or baking) are as 
always located in the open 
and at a considerable distance 
from the buildings due to the 
fire danger. 

The Bronze Age well  
of Wohlsdorf  

Proximity to water was vital 
for humans, which is why 
 settlements were always 
established near rivers and 
streams that, however, only 
provided limited drinking 
water. In Wohlsdorf, wells 
were therefore constructed 
on the edge of the settle-
ment. The well shown in the 
exhibition was located to the 
far west of the settlement’s 
proven buildings. 

The location it was dug at was 
quite favourable because the 
hydraulic potential in the soil 
was already high enough for 
the water to rise without fur-
ther aids (principle of artesian 
wells).

The first layer of the older well 
box was inserted about 30 
centimetres above the bottom 
of the cylindrical shaft, which 
had been excavated during 



the construction of the well. 
The box was wedged firmly 
from the outside using wood 
planks and sandstones to 
hold it in place and prevent it 
from floating. This particular 
first layer, exhibited in the 
 Archaeology Museum, consists 
of four oak planks interlaced 
with matching trapezoidal 
recesses at their ends. 

The second layer of the well 
box was again constructed 
with wood, and the space 
behind the wood construction 
was filled with large sand-
stones and earth. This second 
layer of oak wood was also 
interlaced, however, without 
using matching recesses. All 
four planks have a recess on 
one side in the centre, while 
on the other side, they sport 
a kind of pin or dovetail, so 
that they could be hooked 
tightly together. In contrast 
to the bottom-most, first 
layer, the wood planks on 
the second layer hold each 
other down with this type of 
connection so that floating 

could effectively be avoided. 
Maybe this was the reason 
why the type of connection 
was changed from one layer to 
the next despite the fact that 
both layers were built around 
the same time. Thus, the older 
well box was completed, and 
the well was able to be used.
 
The oak boards of both well 
box layers were examined 
using dendrochronology 
(tree-ring dating) as well 
as radiocarbon dating and 
yielded the following results: 
The oak trees were felled 
approximately between 1425 
BC and 1415 BC. The planks 
were most likely originally 
used as timber in a building 
of a predecessor settlement 
from the Middle Bronze Age 
and were subsequently repur-
posed for the well box. The 
construction of the well took 
place about 1330/1325 BC and 
therefore seems to have been 
completed at the beginning 
of the Wohlsdorf settlement. 
About 100 years later, the well 
seems to have been repaired 

and yet another well box was 
placed over the older one.

The well was abandoned 
around 1140 BC, when the 
well opening was deliberately 
filled.

Archaeobotanical findings 

Similar to other artificial 
indentations in the soil 
(latrines, waste pits, settle-
ment pits, etc.), wells are sedi-
ment traps and thus sites of 
strong accumulation of both 
organic and inorganic mate-
rials. During their useful life, 
well shafts are usually cleared 
regularly to ensure their 
 functionality. Only towards 
the end of their life span is 
infill allowed to accumulate, 
be it through intentional intro-
duction of backfill material or 
accidental drifting/flooding of 
surrounding sediments.

In most cases, filled wells are 
thus a chronological snapshot 
of the time the shaft was 
abandoned. For environmental 
archaeology, these materials 
are a very important source of 
data about the surrounding 
settlements and possibly 
larger natural areas due to 
the influence of groundwater 
and the resulting, usually 
excellent, conservation 



conditions in well shafts: 
due to  continuous water 
saturation of the sediments, 
atmospheric oxygen is dis-
placed, and soil organisms 
working on decomposition 
are strongly inhibited in their 
activity.  Biogenic material can 
thus remain unchanged over 
centuries or millennia. 

In total, more than 19,000 
large remains were able to be 
identified from soil samples 
taken at the Wohlsdorf well. 
The remains of cultivated 
plants (specifically crops) are 
essentially limited to several 
specimens of true broomcorn 
millet, an old cereal plant. 
While displaced by potatoes 
and corn in Europe, it is still 
cultivated in many parts of 
Asia today. In addition, small 
fragments of crusts could 
be obtained, which suggest 
 residues of grain bran under 
the incident light    microscope – 
an indication that this is a mill 
after-product. 

For cereal crops, the area 
along the rivers Laßnitz and 
Stainzerbach was probably too 
moist, which is underscored by 
the numerous representatives 
of riparian, alluvial and other 
wet turf vegetation as well 
as the fungal spores of wet 
and humid sites, which were 
found during the examination. 
The grain and vegetable fields 
were probably located a few 
metres uphill on the largely 
flood-protected terrain of 
today’s Wohlsdorf village. 
This assumption is supported 
by the obvious lack of large 
remains of cultivated plants, 
as despite a much lower 
number of findings in another 
well closer to the settlement 
from the same time, not only 
the broomcorn millet, but also 
the Einkorn wheat, Emmer 
wheat and spelt, as well as 
opium poppy, were able to be 
detected. 

In addition to these presum-
ably purposefully cultivated 
crops, other plant residues 
of so-called wild plants were 

also found, which may also 
be an indication of early 
agriculture. These plants are 
so-called field weeds, such as 
the large black-bindweed and 
the ordinary lady’s mantle. 
These “weeds” are usually part 
of the spontaneous accompa-
nying vegetation in crop plant 
populations, which are not 
purposefully cultivated there. 

In addition, in the Bronze Age 
settlement area of Wohlsdorf, 
wild plants such as the wild 
carrot, the common nipplewort 
and the hawkweed oxtongue 
grew. In all of these findings, 
the plant species were suita-
ble for consumption. 

Other remains of wild plants 
tell us about the vegeta-
tion and its growth in the 
surrounding area of the 
settlement. Some plants that 
usually grow in forest-free 
open spaces (grassland in 
the broader sense) are an 
indication of the landscape 
around the Bronze Age settle-
ment, while others may point 

to forests or forest edges 
that had been worked on by 
humans. Synanthropic species 
such as elder or rosaceae such 
as raspberries, a popular wild 
fruit, hint at recently cleared 
forest areas. 

With about 10,000 – just over 
half and therefore the majority 
of the evidence falls on plants 
that grow mainly in perma-
nently or at least mostly very 
humid habitats.

Archaeobotanical analyses can 
thus not only provide conclu-
sive information regarding the 
agricultural practices in the 
immediate vicinity of the set-
tlements, but also reference 
earlier flora in a wider radius. 
These results help archaeolo-
gists to better understand the 
lives of former settlers. 



Reconstruction drawing of a Bronze Age 
well. Graphic: J. Wuitz. 

The Roman settlement near 
Dolga vas  
 
Dolga vas is a settlement just 
north of Lendava in the 
 Prekmurje region of Slovenia 
on the border with Hungary. 
Only a few kilometres further 
west, near Gornje nivje, a 
 settlement with a well was 
discovered during archaeologi-
cal excavations from 1994 to 
1998, when a motorway was 
built.  

Similar to the case of Wohls-
dorf, the settlement traces 
discovered in Dolga vas do not 
date back to a single epoch. 
The archaeological finds tes-
tify to the use of the area from 
prehistoric times to Roman 
times and furthermore from 
the Middle Ages to modern 
times.  

The remains of the Roman 
 settlement period from 
the 2nd to 3rd century AD, 
however, are only sparsely 
preserved due to the later set-
tlement of the area, but also 

due to later agricultural use. 
For this  reason, it is difficult 
to determine whether it was 
a full-fledged Roman settle-
ment or rather a countryside 
villa (villa  rustica). However, 
it is likely that there was a 
large Roman road nearby 
that led from Poetovio (Ptuj) 
towards Savaria  (Szombathely, 
 Hungary).

The Roman well at Dolga vas
 
The exhibition presents the 
Bronze Age well from Wohls-
dorf as a counterpart to the 
Roman well from Dolga vas, 
whose construction, archae-
ological excavation and con-
servation differ from that of 
Wohlsdorf. 

Taking into account the cur-
rent ground level, the well 
lay at a depth of 3.50 m. At 

first, a pit for the well was 
dug into which the planks 
were stacked. This panelling 
was supported by four vertical 
posts in the inner corners. 
The outer areas were then 
again filled with soil. The 
ground plan of the well, which 
was still visible due to earth 
discolouration of the upper 
soil layers when excavated, 
showed a rectangular con-
struction measuring 1.20 x 
1.40 m. The lower 1.20 m of 



apparently decomposed quite 
quickly. Only in exceptional 
cases have animal bones been 
preserved, most often animal 
teeth. This may be due to the 
crystalline structure of the 
hydroxyapatite dental enamel, 
which makes it harder than 
any other bone. 

While all fragments found 
belonged to mammals, which 
in turn were consistently iden-
tified as domestic animals, a 
total of 26 fragments of bone 
and teeth were assigned to 
one specific species.  

The majority of bones, specifi-
cally 46.2% of all findings, 
belong to cattle (Bos taurus). 
Cattle were first used to 
supply food (meat and milk), 
and later as draft animals 
as well. In addition to these 
animals, it was possible to 
identify a single domestic dog 
(Canis familiaris). The smallest 
portion of the bone material, 
only 15.4%, belonged to pigs 
(Sus scrofa), however, it was 
possible to identify at least 

Archaeozoological findings 

Ideally, it is possible to 
reconstruct the fauna of the 
surrounding landscape by 
examining animal bones found 
around a settlement. Archaeo-
zoology tries to answer ques-
tions related to the consump-
tion of certain animal species 
as well as their domestication 
and the processing of animal 
products, e.g. fur processing 
into clothing or bones into 
tools. However, archaeozool-
ogy can also be an important 
factor in the reconstruction 
of an overall appearance of 
the landscape. Thus, bones 
of certain animal species can 
also provide indirect evidence 
of the climatic conditions at 
that time or the original flora 
of a region. 

With a grand total of 62 bone 
fragments, the excavated 
remains of the animals from 
the Dolga vas area, however, 
are rather modest. The reason 
for this is the acid-rich clay 
soil, in which most bones 

Experts determined that the 
trees used for the panelling 
and posts of the well were 
felled sometime between 90 
AD and 110 AD. 

Once the well was no longer 
in use, it was then filled with 
soil. On the ground and in the 
layers of the well, 207 finds 
were recovered, largely con-
sisting of pottery shards, but 
also a fully preserved pitcher 
with handle and a pot. In 
addition, the iron handle was 
found that probably belonged 
to the wooden bucket used to 
pull up water from the well. A 
Roman roof tile, called tegula, 
indicates that the nearby 
houses were probably built to 
last, covered with a tiled roof 
characteristic of that period. 

the wooden well structure was 
only preserved because it lay 
below the current groundwater 
level. In particular, the exca-
vation unearthed 27 pieces of 
wood in all: 25 pieces of oak 
and 2 pieces of black alder. 

It is not known what the 
upper part of the well looked 
like, however, we can assume 
that the well was protected 
by a wooden roof supported 
by four posts at the corners. 
The water was scooped using 
a wooden bucket from which 
an iron handle has been pre-
served. It was archaeologically 
impossible to clearly specify 
the construction used to pull 
up the bucket, which may 
have been a pulley, a spindle 
or another technique.

The well was in use from the 
end of the 1st to the second 
half of the 2nd century AD. 
The wood samples of the 
Roman well were dated using 
two scientific methods of 
analysis: dendrochronology 
and radiocarbon dating. 



used for the preservation of 
the two wells, as there are 
 various preservation methods 
for archaeological wet wood 
findings in which the water 
in the wood is replaced by a 
drenching agent and the wood 
is subsequently dried gently, 
without the decomposed cell 
structure collapsing during 
drying.

In the case of the Roman well 
from Dolga vas, the purpose of 
preservation was to conserve 
the wood permanently in order 
to minimise disintegration and 
keep its original shape.

For two years, the wood 
was therefore submerged in 
water mixed with vinegar. 
Afterwards, it was placed in 
a fresh water basin and sugar 
and other chemicals were 
gradually added over a period 
of ten years. Changes in the 
water and in the wood were 
constantly observed. The 
preservation process ended 
in November 2010, when the 
wood was taken out of the 

An excavation of the well on 
site would have been very 
time-consuming, mainly 
because the situation would 
have required the water 
to be constantly pumped 
out. Because of these 
 circumstances, the well was 
salvaged as a block, in con-
trast to the Roman well in 
Dolga vas also shown in the 
exhibition. The recovery of 
archaeological wood findings 
is a delicate task as they are 
fragile and must be retrieved 
together with their supports 
and other contraptions, and 
immediately looked after and 
kept wet until conservation 
after excavation. The Bronze 
Age well was therefore 
 recovered by a construction 
company as a whole together 
with the surrounding sediment 
in a block weighing 17 tons. 
The block was then trans-
ported to a hall, scaffolded, 
and then finally excavated and 
documented by ARGIS. 

Two completely different 
methods also had to be 

Excavation and conservation 
of the well woods 

Wood can be preserved in the 
soil for long periods, so long 
as certain conditions prevail. 
Such conditions can include 
a very high level of dryness 
(desert), proximity to metal 
findings (metal ions), a saline 
environment or a constantly 
wet, low oxygen environment. 
The common thread for all of 
these special conservation 
conditions is that microor-
ganisms that normally break 
down wood and other organic 
material in the soil are less 
active because the conditions 
are not favourable to them. 

The well in Wohlsdorf, discov-
ered by ARGIS, was an active 
artesian well, where the water 
rose between layers of sedi-
ment, constantly surrounding 
the panelling of the well as 
well as numerous botanical 
macro-remains in water for 
millennia (6500 litres per day 
at the time of the examination 
in August 2008).

two specific individuals, one 
of which seems to have been a 
young animal. 

Furthermore, it was possible 
to detect traces of workman-
ship on a few bone fragments, 
such as notches created by 
the tools used for slaughter-
ing or skinning the animals, as 
well as burn marks possibly 
associated with the prepara-
tion of the meat. 



Life without water? 
 
“Everything is made of water 
and everything returns to 
water” Thales of Miletus  
(c. 624/623 – c. 548/544 BC)

Water was and still is an 
indispensable resource. On 
average, an adult consumes 
about 50,000 to 60,000 litres 
throughout the course of his 
life. However, water is not 
only a vital resource, but also 
an important part of many 
aspects of everyday life. 

On average, an Austrian 
consumes about 130 litres 
of water per day. Of these, 
however, only about 3% are 
used for drinking and cooking. 
About 29%, for example, is 
used for showering and bath-
ing and about 34% is used for 
toilet flushing. It is difficult 
to reconstruct the quantity of 
human daily water consump-
tion in the past, and perhaps 
even impossible for prehistoric 
times. However, for the resi-
dents of ancient Rome, this is 

of the liquid aggregate state). 
Subsequently, excess PEG 
was removed. The fragments 
were glued, and the findings 
packaged. 

Despite their preservation, the 
wooden parts remain sensitive 
to light and climate fluctu-
ations and therefore require 
dim lighting and a consistent 
room climate when on show.

been air-dried directly after 
the excavation, they would 
have shrunk irreversibly and 
would have lost their original 
form. To avoid this outcome, 
the wooden parts of the 
Wohlsdorf well were impreg-
nated with Polyethylene glycol 
(PEG) in a two-stage process 
with subsequent vacuum 
freeze-drying.

After excavation, the pieces 
were watered to complete 
fibre saturation until no air 
bubbles were left in the piece. 
This process of watering 
took up to a year depending 
on the size of the wood. In 
a next step, the woods were 
soaked in a precisely calcu-
lated PEG solution, which was 
gradually increased. Again, 
this step in the restoration 
process lasted another year 
followed by several months 
of vacuum freeze drying of 
the woods, in which the water 
was drained using sublimation 
(transition of the water from 
the frozen state into the 
vapour phase with omission 

water. Ultimately, more than 
one ton of sugar was needed 
for preservation. The sugar 
had crystallised and filled 
up the cells to prevent the 
wood from contracting during 
drying. This way, the wood 
retained its original shape and 
can now be presented in its 
original structure as part of 
the special exhibition taking 
place here. 

For the more sensitive woods 
of the well from Wohlsdorf, 
restorers chose a different 
method: Due to its millennia 
long storage in the soil, the 
cell structure of the wood was 
degraded, comparable to a 
sponge with very fine holes. 
Although the original strength 
of the wooden structures was 
lost, their form was, for the 
most part, in excellent condi-
tion: Even traces of clipping 
from the processing of the 
wood are still partially visible. 
The water surrounding the 
wood underground had kept 
this degraded cell structure in 
shape. Had the wood findings 



Water in agriculture 

While industry accounts for 
almost two-thirds of daily 
water consumption (excluding 
the need for cooling water), 
only about 5% of water is 
used for agricultural pur-
poses. Although this figure is 
relatively small, water is an 
essential factor in agriculture. 
It plays a crucial role in plant 
growth, supplying drinking 
water to animals and ensuring 
cleanliness and hygiene on 
the farm.

Today, half of our drinking 
water is derived from ground-
water, the other half from 
spring water, whereby the 
water quality is monitored 
by the Ministry of Health and 
is well protected by corre-
sponding provisions in the 
Austrian Water Resources Law. 
These days, people in Austria 
automatically expect clear 
fresh water to come from their 
taps. However, looking at the 
two wells exhibited from the 
Bronze and Roman Age while 
keeping in mind those regions 
of today’s world where there 
is no clean drinking water 
available for a billion people, it 
is clear that easy and  regular 
access to drinking water is 
a real privilege of Central 
Europe.

a different matter altogether, 
as we know they consumed 
between 370 and 450 litres 
per day. This high quantity is 
explained by considering the 
following census for the year 
400 AD: At the time, eleven 
aqueducts, eleven thermal 
baths, 856 private baths and 
1352 wells were in use in 
Rome. However, this did not 
mean that every single house 
had its own water supply. 
The water often had to be 
fetched from public wells, and 
day labourers were paid to 
transport it to the individual 
apartments. About 500 km 
of mostly underground water 
pipes also brought water from 
surrounding springs into the 
city. To put this in perspective, 
the modern example of the 
Graz piping system is used, 
which has a length of about 
1,350 km. 
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