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PILE FOUNDATION IN THE ANATOLIAN MOUNTAINS – WRONG TECHNIQUE AT THE WRONG PLACE? INFORMATION 

The most interesting questions a historian has to deal with often arise from unexpected and startling new find-
ings. Between 1996 and 2004 we carried out archaeological excavations within the Roman city of Aizanoi in 
order to unearth parts of the Pre-Roman settlement layers in the vicinity of the best preserved Roman temple 
of Anatolia, the famous temple of Zeus. Aizanoi is situated at more than 1000 m above sea-level, far away 
from the well known touristic and economic centres of Turkey, high up in the west-Anatolian mountains. Re-
covered not before 1824 by European scholars, archaeological excavations at the remote place started with 
two campaigns in 1926 and 1928. The research activities by the German Archaeological Institute were re-
sumed in 1970 and lasted until today (Naumann 1979, pp. 3 – 7; Rheidt 1997). The temple of Zeus was already 
documented by the first German researchers Daniel Krencker and Martin Schede (Naumann 1979, pp. X – XI) 
and could recently be dated to the times of the Flavian emperors (Posamentir – Wörrle 2006). It is situated in 
the centre of an extensive area of Roman ruins, comprising a huge theatre with stadium, two monumental 
baths, bridges, large courtyards, colonnaded streets and innumerable funeral monuments, mostly dating to 
the 1st and 2nd century AD. Research on the historical development of the entire city carried out since 1990 
not only focussed on the Roman strata represented by the remains of these monumental building activities but 
as well on the Pre-Roman and Post-Roman phases of the site. It appears to be one of the best examples to ex-
plore the fundamental transformation processes an old Anatolian settlement had to undergo to become an 
important part of the Hellenistic and Roman world (Rheidt 2006). 

ABSTRACT: Building bridges, houses and temples on foundations consisting of wooden piles is not at all unusual 
in Roman times. Historical and archaeological evidence of roman pile foundations however is regionally re-
stricted – mainly to the marshy plains of northern Italy and to the Northern provinces along the rivers Rhine and 
Danube. Recent excavations brought to light an example of a pile foundation at a place where it would 
never have been expected: on a hilltop in the Anatolian mountains. In this paper I will present the archaeo-
logical evidence and then discuss why and how this particularly ‘western’ technique could have found its way 
to Anatolia. The pile foundation in Aizanoi appears not only to be the earliest example of this technique known 
up to now from archaeological excavations. It can also be seen as one of the rare traces of the presence of 
Roman troops in Asia Minor between the late 2nd and the first half of the 1st century BC. 
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Figure 1: Southern corner of prehistoric settlement mound in Aizanoi. On top of the mound the famous Roman 
temple of Zeus was built in the 1st century AD upon the remains of an Early Bronze Age settlement; (Photo: Ai-

zanoi-Excavation 2000) 
 
An ancient Anatolian settlement mound had to be cut from its top to early Bronze Age levels for the construc-
tion of the temple with its large courtyard enclosed by colonnaded galleries and for further huge courtyards 
on lower levels in front of this new sanctuary. The rubble taken from the hilltop was distributed at its flanks to 
create a expansive level platform to build on. By these building activities, which can be dated to the 1st cen-
tury AD, the topographical situation in the centre of Aizanoi changed dramatically. After the construction of 
the temple was completed nothing reminded of the long Anatolian history of the site any more, reaching 
back at least to the 4th millennium BC. The immense earth-works necessary to create the building site for the 
new sanctuary is the reason, why in immediate proximity to the temple itself Early Bronze Age strata are to be 
found. At the edges of the plateau however later Pre- and Early Roman levels appear to be preserved in only 
small spaces between the foundations of the monumental Roman constructions (Figs. 1. 2). 
 

 
Figure 2: Settlement mound of Aizanoi with reconstruction of Early Bronze Age and Hellenistic levels. The sche-
matic section shows, which parts of the mound had to be cut, and the material used as filling at the edges of 

the plateau; (Rheidt 2006, 8 fig. 1). 
 
At the south edge of the plateau, on which the huge temple-building rises high above the surrounding tradi-
tional Turkish village, we found a very complex sequence of earlier settlement-layers. Here a large courtyard 
with Doric columns (“Dorischer Säulenhof”) meets the courtyard of the temple, though with a difference in 
level of several meters. This sequence of post Bronze Age layers up to Early Roman times, thus before the tem-
ple-construction, could be localized and partly excavated behind the rear wall of the courtyard with Doric 
columns and within the outer walls and foundations of the double-naved galleries surrounding the temple-
precinct (Figs. 2. 3). On top of the Bronze Age levels of the 3rd millennium BC, remains of the Iron Age settle-
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ment could be traced, which were followed by early Hellenistic building terraces. The latter already changed 
the shape of the former mound. One of these terraces was carefully constructed to carry a Hellenistic house, 
from which we found only parts in areas where all surrounding walls had been destroyed by later constructions 
of Roman Imperial times (Fig. 3). Preserved were parts of one room with rich decoration of coloured plaster 
and remains of the floor of another room.  
 

 
Figure 3: Remains of pile foundation at south edge of temple-plateau in Aizanoi. Left: Lime stones have al-

ready been removed and remains of pile-holes cut in several sections for further research and documentation. 
Right: The lime stone wall on top of the pile-holes, limited and destroyed on both sides by later Roman con-

structions, is still at its place; (Aerial-Photo: Aizanoi-Excavation 2000) 
 
Right across the remains of the Hellenistic house we found a rather strong wall of approx. 1,40 m thickness 
made of only roughly dressed lime stones of differing dimensions. Obviously it was cut into the destroyed re-
mains of the former Hellenistic settlement pattern. Taking away the lime stones led to the first surprise: they 
were not just laid upon the bottom of the foundation ditch, as it would have been common in any historical 
period in Aizanoi, but they were carefully set on a layer of broken tiles and small stones formerly belonging to 
the Hellenistic house and taken from its debris. When we cleaned this unexpected layer, some of the tile frag-
ments and stones disappeared suddenly as if they fell into mouse- or mole-holes. This first explanation soon had 
to be revised, since we noticed the same phenomenon at several locations of the layer. When the tiles and 
stones had been totally removed, we were confronted with a whole area of such mole-holes, so orderly laid 
out in lines, that there could not be any doubt, that this was a man-made construction (Fig. 3). 
 

 
Figure 4: Section of south corner of temple-plateau with wall on pile foundation, remains of Hellenistic house, 

and Roman courtyard with Doric columns; (Aizanoi-Excavation) 
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The cross-section in fig. 4 shows the elements of the construction in detail: conical holes of 50 - 70 cm depth at 
regular distance of 20 - 30 cm, on top of the holes the layer of tile-fragments and small stones, and above it 
the mentioned lime stones of rather large dimension (Figs. 4. 5). The first question, what kind of construction we 
had found here, was solved very quickly: at many other places similar findings have been interpreted as traces 
of pile foundations. Often remains of the wooden piles could be traced, sometimes, especially when con-
served by water, the complete piles have been extracted and the construction thoroughly studied. Anyhow, 
concerning Aizanoi and the Anatolian mountains this rather clear interpretation causes more questions than 
answers. That the foundation of a wall on wooden piles would not at all be an appropriate building technique 
for the dry and mountainous regions of Central Anatolia is not least proved by the fact, that we did not find 
even little residues of a pile in any of the holes. Therefore it is not astonishing, that nowhere in Anatolia a similar 
construction has been traced until now. In his comprehensive study of construction history of Anatolia (“Ar-
chitektur Kleinasiens”) Rudolf Naumann points out to a great variety of mixed constructions of wood, brick, 
mud-brick, mud, and stone, but among the numerous examples none is similar to the foundation in Aizanoi. 
Hence the question is, who brought this strange construction technique to the Anatolian mountains, what were 
the reasons and from where was it imitated? 

 
Figure 5: Lime stone wall and pile foundation underneath in Aizanoi. Ground plan with heights above sea level; 

(Aizanoi-Excavation) 
 
The second bundle of questions deals with the dating of the pile foundation in Aizanoi. Fortunately the destruc-
tion of the predecessor of the wall can be dated without doubt. Since the Hellenistic house has been de-
stroyed by a large fire, the inventory – pottery, coins and even burnt clay seals used by the householder to seal 
his letters of correspondence – was still in place though fragmented and mixed with the burnt remains of fur-
nishings and the roof construction (fig. 6). Moreover, the finds within vicinity of the house allude to close rela-
tions of the owner to Pergamon, from where parts of the inventory had been imported. These allow to deter-
mine the last use of the house to the middle of the 2nd century BC or shortly after (Rheidt 2001, pp. 260-266; 
Rheidt 2008, 113-117).  
 

 
Figure 6: Construction levels at south corner of the plateau of the sanctuary of Zeus at Aizanoi; (Aizanoi-

Excavation 2001) 
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On the other hand, the wall on pile foundations had been demolished by later constructions, which date to 
late Hellenistic or Early Imperial times, i.e. between the second half of the 1st century BC and the first decades 
of the 1st century AD. This range of dates shows, that the construction in Aizanoi has probably been built some 
time between the last decades of the 2nd century and the middle of the 1st century BC. With the pile founda-
tion in Aizanoi we can add to the examples of this building technique documented up to now by archaeo-
logical research the earliest example ever found in the Greek and Roman world – and this in a place, where it 
does not even make any sense. 
To answer the aforementioned questions we have to refer briefly to the construction history of pile foundations 
as far as known yet. Vitruvius gives a detailed description of its origin, use and technique. He mentions pile 
foundations several times in his “ten books on architecture”, which were probably written between 33 BC and 
the 20es of the 1st century BC. In book II. chapter 9 he describes the advantage of alder piles in swampy 
places, which “driven close together beneath the foundations of buildings take in the water which their own 
consistence lacks and remain imperishable forever”. In the times of Vitruvius this technique was to be seen at 
its best in Ravenna, a city that was surrounded by swamps; “for there all the buildings, both public and private, 
have piles of this sort beneath their foundations”. In book III, chapter 4 he recommends “piles made of charred 
alder or olive wood or oak” for the foundation of temples at places, which are “nothing but a heap of loose 
earth or a marsh” which, in the same way, should also be used for theatres “if they have to be laid on a plain 
or in a marshy place” and for houses, as is mentioned in book V, chapter 4 and in book VI, chapter 8. In book 
V, chapter 12, discussing harbours and shipyards, he expressively recommends staking the soft bottom “with 
piles made of charred alder or olive wood” in the way he described before “in the case of the foundations of 
theatres and the city wall”. From this we can learn, that by the time of Vitruvius, i.e. in the 1st century BC, the 
technique of pile foundations was highly developed and well known. According to Vitruvius the origin of this 
construction technique should to be found in the plain of Ravenna. But since nothing is known about the Ro-
man or former buildings of Ravenna, unfortunately no remains of the mentioned pile foundations could be 
archaeologically traced up to now in this region. Michael Borrmann, who has thoroughly gathered all informa-
tion about pile foundations and their distribution, points out, that the first known examples are the Roman 
bridges of Treveris and the so called monument of the Ubii in Cologne, both not earlier than the last decades 
of the 1st century BC, and both in Roman Germania. In Italy, not a single example is proved by archaeological 
research prior to late antiquity. From Borrmanns distribution map it becomes clear, that archaeological evi-
dence of pile foundations is restricted in late republic and Roman imperial times mainly to the vicinities of the 
river Rhine, even if their unknown origin could be in northern Italy. From Vitruvius and the archaeological evi-
dence it becomes most likely, that the skilled technique had been brought to Germania by Roman soldiers 
from Italy. 
 

 
Figure 7: Single pile foundation made of pali to carry a stone wall. Schematic sketch; (Borrmann 1992, Fig. 22) 

 
Vitruvius distinguishes between pali, small piles of wood, which were charred to harden their tips (Fig. 7), and 
sublicae, long piles to be rammed into the earth by pile-drivers. This difference also shows in the function of the 
two types of piles: pali serve for simple pile-foundations, i.e. for soil compaction of soft or marshy grounds, 
whereas sublicae had to carry the loads directly and therefore had to be rammed into the bottom until stable 
ground-layers had been reached. What Vitruvius fails to mention is, that piles are only durable when kept un-
der water. If so, they certainly lasted very long. This is proved by the Roman bridges of Mainz, dating to the 
year 27 AD: in the 19th century the stone-parts still existing of the bridge-piers had been removed and hundreds 
of Roman oak-piles extracted. They were in such good condition, that they could be sold for furniture con-
struction, as the Deutsche Bauzeitung reported in 1887. 



 
 
 

Proceedings of the Third International Congress on Construction History, May 2009 
 

Vitruvius mentions pile-drivers, but does not give a description of these machines. Instead we find instructions 
how to build a pile-driver in the 4th book of Caesars Gallian War, from which scientists were able to draw a de-
tailed reconstruction of the machines used by Caesar’s soldiers to build bridges crossing the rivers of Gaul and 
Germania (Fig. 8). Obviously the technique had been developed and was frequently used by the Roman mili-
tary. Vitruvius might have become acquainted to it when he accompanied Caesar and his troops in the mid 
1st century BC to the territories north of the Alps. 
 

 
Figure 8: Pile-driver of Caesars army. Reconstruction sketch; (Saatmann et al. 1938/1939, 134 pl. 25) 

 
That not only the long piles for bridges but also the pile foundations with short pali rammed into the ground 
with hammers or hand pile-drivers were a rather standardized part of Roman military engineering is clearly de-
picted on the column of Trajan in Rome. It illustrates Roman soldiers building several fortresses and bridges dur-
ing Trajan`s wars against the Dacians, usually using wood and wooden piles for the bridge-constructions and 
as substructures for the ashlar walls (Fig. 9). 
 

 
Figure 9: Rome, Column of Trajan. Soldiers building bridges and fortresses. Left of the centre of the scene a sol-

dier is driving a pile into the ground with a hammer; (after Reinach 1909, 336, scene 17 – 18) 
 
The holes in Aizanoi thus appear to be traces of pali, up to 70 cm long tapered wooden piles with only 10 – 15 
cm diameter driven into the bottom of the foundation ditch for soil compaction. This measure was thoroughly 
successful: even if the wooden piles themselves did not survive very long, the clayey soil around was com-
pacted to such an extent, that the holes were conserved until our excavation reached them. Thus the com-
pressed soil formed a continuous foundation-body underneath the stone construction atop. The section in fig. 
4 shows, that the limestones on top of this body still reach more than one meter below the level, to which the 
neighbouring walls of the former Hellenistic house were preserved. This makes clear, that the stones did not yet 
belong to the uprising wall, but were still part of the foundation, which thus consisted of three parts: the soil 
compacted by piles, the layer of bricks and small stones, and the limestones above, together reaching a 
height of nearly 2 m. The building that was constructed on top of this foundation must have been of special 
strength and importance. This leads us to the most difficult question: why did people in Aizanoi take pains to 
drive hundreds of piles into the bottom of a deep foundation ditch at a place, where it was sure, that the 
wooden piles would become rotten within few years? 
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Borrmann lists very few examples of pile foundations at places, where solid ground high above ground-water 
level would not necessarily request the use of piles to stabilize the underground. All these constructions, some 
of which are even situated high up on hilltops, appear to be of rather late date and are again to be found in 
Germany. They belong to fortification walls or buildings within the fortresses which led to the opinion, that the 
piles would have been placed under the walls against undermining (Borrmann 1992, p. 21-22). Again the ar-
chaeological evidence, even if geographically and chronologically far away from the finding in Aizanoi, 
points out to a military purpose of the respective buildings. 
Back to the Anatolian mountains, we have to draw the conclusion from the actual state of research, that no 
one else but Roman military probably coming from northern Italy must have been in Aizanoi to build some kind 
of fortification on the former settlement mound that had been occupied by upper class houses of the Hellenis-
tic settlement before. These richly decorated dwellings had been founded and deeply influenced by the ex-
pansionistic policy of the Pergamenian kings at the end of the 3rd and the beginning of the 2nd century BC. 
They, succeeding their counterpart, the king of Bithynia, developed the former Anatolian settlement to an 
outpost of Pergamenian power and culture. Until the year 133 BC, when king Attalos III. (138–133 BC) be-
queathed his kingdom to the Romans, all of Asia Minor was under the rule of Pergamon and other Hellenistic 
kingdoms, and no Roman soldier had set foot on Anatolian ground yet. On his deathbed the last king of Per-
gamon could not seriously have thought that his gift to the Romans would remain without resistance. Many 
people in the cities belonging to his empire strictly rejected becoming members of the new Roman province 
of Asia, and nearly everywhere rebellions against Pergamon and the new Roman rulers became common. 
One of the trouble-makers was a certain Aristonikos, who claimed the Pergamenian throne as king Eumenes III. 
The raids lasted until his capture and death in Rome 129 BC, and for the first time in history a considerable 
amount of Roman troops were forced to set out for the highlands of Anatolia to conquer their legitimate heri-
tage from its unwilling inhabitants (Mitchell 1993, pp. 29-31). 
The destruction of the house of a wealthy Pergamenian citizen or at least a friend of Pergamon and its rulers 
by conflagration, which obviously was much more effective than normal damage caused by an uncontrolled 
fireplace, probably took place during the revolts of Aristonikos. It can therefore be taken as a terminus post 
quem for the ensuing construction on piles in Aizanoi. But when the resistance of Aristonikos was broken, no fur-
ther Roman forces appeared in the area, which was even temporarily given to Mithridates V. of Pontus. Only 
during the wars between Rome and Mithridates VI from 89 to 63 BC allied troops of the Romans were involved 
in Anatolia but also Roman troops from outside had to be sent out for Anatolia again. They obviously re-
mained at strategically important places for a longer time until the Roman commanders succeeded (Mitchell 
1993, pp. 29 – 31). The holes of the piles in Aizanoi thus represent not only the earliest evidence of an interesting 
foundation technique again and again used at marshy grounds until the 20th century, they belong as well to 
the few and therefore all the more important archaeological testimonies of the expeditions of Roman troops 
to Anatolia in the late 2nd or more likely the 1st half of the 1st century BC, bringing with them their technical skills 
to build fortifications, which they had learned and trained probably in the swampy plains of northern Italy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10: Wall on pile foundation in Aizanoi. Reconstruction sketch; (Rheidt 2008, p. 117, fig. 10) 
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Our findings in Aizanoi however still do not give a complete picture of the building the pile foundation belongs 
to. Due to the levelling of the ground in the first half of the 1st century AD at the latest, only the pile holes and 
some of the lime stones on top have been preserved. The section in fig. 4 demonstrates that the stone part of 
the wall does not yet belong to the visible part of the wall but still to the foundation. The upper parts, from 
which no remains are preserved, could have been constructed even more regularly, perhaps of ashlars with 
plain surfaces (Fig. 10). The extent of the wall (see Fig. 1) however shows, that it did not belong to one single 
building, but rather to an extended structure, much more comparable to the fortification walls Roman soldiers 
erected on their way to conquer the marshy regions north of the Alps. The wall could have been part of an 
enclosure of the centre of the city of Aizanoi. Only further excavations can prove whether it was built mainly to 
protect its main buildings, like the Hellenistic temple of Zeus, or as a military fort (Rheidt 2008, 118). 
The turbulences of the formative years of the new province of Asia and the probable presence of Roman 
troops in the contested border region during the wars against Mithridates VI of Pontus had led to a stagnating 
development of the cities in the highlands of Asia Minor. The city of Aizanoi however emerged from this period 
not as military outpost of Rome or Pergamon but as a largely developed Hellenistic polis, as it is mentioned in a 
funeral inscription of the year 49/8 BC (Günther 1975). In this time, at the latest, the construction of the Roman 
legionnaires must have been replaced by an agora, a theatre and other gathering buildings for all the institu-
tions a young community with Greek polis-traditions would need. With this new development extraordinary 
building activities started in the remote Anatolian mountains, which finally led to the monumental sanctuary 
on the former settlement mound with its unique temple dedicated to Zeus and to emperor Domitian in the late 
summer of 92 AD (Posamentir – Wörrle 2006, pp. 237 – 238). In the process the evidence of the former presence 
of Roman legionnaires was completely covered under the new early imperial constructions. The city and its 
leading families now appear closely affiliated to the house of the Roman emperors but at the same time look-
ing back on a mythical history with its roots deep within the mythology of ancient Greece. 
With the pile foundation on top of the old Anatolian settlement mound of Aizanoi, we can trace not only the 
earliest example of its kind, even if it has to be rated as rather useless from the point of construction technique. 
It proves the technique to be skilled and part of knowledge of the Roman military not only at the time of Vitru-
vius but at least some decades earlier. The pile-holes also testify a major changing point in Anatolian history, 
which had important political consequences – but could not, contrary to the northern provinces of the Roman 
Empire - lead to any technical development, that would have introduced this technique of Roman Italy into 
the variety of approved constructions in Anatolia. 
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