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ABSTRACT
The project presented here started approximately four years ago and concerns the main
temple of Olympia, a UNESCO world heritage site, which is visited by thousands of
tourists nearly every day. Although Olympia is familiar to everybody and its monuments
have been well-researched for more than a century, there are still many puzzles related to
its history and remains. A new interpretation of the east pediment of the temple and the
ensuing debate caused the reopening of the issue of the reconstruction. The historical
setting of the temple-building was also reconsidered and led to a detailed study and reconstruction of the architecture as well. All these investigations made extensive use of
digital technologies and are presented here as a case study for applying virtual reality to
old problems of classical archaeology.
The digitization of the extant fragments and a three-year project enabled the production of a virtual 3D reconstruction of the east pediment of the classical temple of Zeus. In
addition, the Doric temple itself as well as the famous cult statue made by Pheidias were
also reconstructed virtually, making thus the visualization of the long and complicated
history of the entire monument possible.
The model is highly flexible and can thus be adapted to illustrate and to test different
scholarly hypotheses concerning some details, e.g. the arrangement of the central group
of the east pediment or the effects of different lighting conditions. It also allows the nonspecialist user to manipulate the individual pieces of sculpture, to familiarize him- or
herself with their original appearance and position on the building and finally to observe
minor details and to learn more about the problems involved in reconstructing ancient
works of art.
A short video-summary and a CD ROM have been published, both of which can be
used for different purposes and audiences.

KEYWORDS: 3D modelling, virtual reconstruction, 5th century BC, Greece, architecture,
pedimental sculpture, Pheidias.
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1. INTRODUCTION
The project presented here started
approximately four years ago and concerns
the main temple of Olympia. Although
Olympia is familiar to everybody and its
monuments have been well-researched for
more than a century, there are still many
puzzles related to its history and remains.
The present project started from a recent
controversy surrounding the interpretation
of the east pediment. 1
2. HISTORICAL BACKGROUND
The temple (Figure 1) was built in the
early classical period, ca. 475-455 BC. 2 At
the time of its construction, it was the largest temple in mainland Greece, and it has
remained the largest ancient temple on the
Peloponnese. Given the large size of the
building itself, the sculptural decoration
was well over lifesize and was made of
white marble. A large number of fragments
survive in a fairly good condition. They are
depicted in practically every handbook on
Greek art, because nowadays they are considered to be one of the most important
and most magnificent works of ancient
Greek art. They are contemporary with the
building itself. For ten to fifteen years after
the completion of the building and its
outside decoration, the temple seems to
have been empty, i.e. without any cult
statue. The famous gold-ivory statue of the
seated Zeus by Phidias, one of the seven
wonders of the ancient world, was only
erected in a second building phase ca. 440430 BC. 3 Afterwards, there was a
tremendous earthquake in 373BC which
caused considerable damage and several
subsequent rebuilding and restoration
episodes and also later additions, like the
Patay-Horváth 2008. For earlier reports see
Patay-Horváth 2011a; 2011b; 2011c; 2012; 2013a.
2 For the temple in general and for the date see
e.g. Dinsmoor 1950, 151-153; Mallwitz 1972,
211-234; Lawrence 1983, 184-185; Gruben 2001,
56-62; Hellmann 2002, 124; Lippolis et al. 2007,
385-389,
655-657.
For
the
historical
circumstances Patay-Horvαth 2013b.
3 Schiering 1991; Strocka 2004, 228.
1

21 golden shields hung up after 146BC on
the cornice. 4

Figure 1 Reconstruction of the temple as it was seen
by visitors in 2nd century AD.

3. THE RECONSTRUCTION OF THE
TEMPLE IN VIRTUAL REALITY
The long and complicated story of the
building can only be narrated or vizualized
with a series of reconstruction drawings. A
flexible digital model, like the one
produced during our project (Figure 2), is
much more suitable for this purpose and
offers additional features, which would be
hardly feasibly with any traditional model.

Figure 2 Uncolored virtual 3D reconstruction of the
temple as completed around 450 BC.

The best illustration of the possibilities is
the simulation of the lighting conditions in
the interior of the temple. A recent attempt
without the help of a digital model
envisaged two possibilities: sunlight comes
either only through the door (Figure 3), or
through a hole in the roof (Figure 4). 5

For the 4th century BC see esp. Grunauer
1981. For all the renovations Hennemeyer 2010.
For the shields dedicated by Mummius Paus. 5,
10,5.
5 Hennemeyer 2011, 101–104.
4
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Figure 3 The cult statue in its architectural setting
(above: cross section of the temple after Hennemeyer 2011 fig. 1; below: virtual 3D reconstruction).
Illumination through the doors.
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god would remain dark. The second
possibility would be better than the first,
but the actual remains of the temple do not
support this idea (there is nothing to
suggest a hole in the roof). The placement
and the measurements of the pool in front
of the statue are absolutely certain but as
the digital model clearly shows, it can not
effectively be used to illuminate the head of
the statue.
The best illumination would be by direct
light from above, and this possibility is
perfectly feasible, if we suppose an open
ceiling, instead of a hole in the roof.
Rooftiles are made of white marble and are
therefore transparent and most probably
they were employed exactly in order to
achieve this lighting effect. 6 (Figure 5)

Figure 5 Illumination of the cult statue through
translucent marble tiles and an open ceiling.

Figure 4 The cult statue in its architectural setting
(above: cross section of the temple after Hennemeyer 2011 fig. 2; below: virtual 3D reconstruction).
Illumination assuming a hole in the roof.

In either case, the light would fall on a
shallow pool filled with olive oil in front of
the statue and could illuminate just the
footstool or the lower part of the statue.
Both arrangements would not be
particularly satisfactory, because the upper
part and especially the head of the seated

Curiously enough, this possibility was
not considered earlier, and in any case it
was impossible to test it without a digital
model, but is actually favoured even by
Hennemeyer, who opted for the hole in the
roof a few years ago. 7
The virtual 3D model can thus be used
not just for vizualizing earlier research
results and to test earlier hypothesis, but
also to improve our understanding of the
monument. This is actually even more
appropriate in the case of the pedimental
sculptures.

Ohnesorg 1993, 118–119 with Plin. NatHist
36,46.
7 Hennemeyer 2012, 123.
6
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4. THE RECONSTRUCTION OF THE
EAST PEDIMENT
4.1 The problem of the central group
The surviving fragments are substantial
and numerous enough to enable a fairly
reliable reconstruction. This was done at
the end of the 19th century and has duely
received general acceptance till today. 8 The
only detail which is still controversial is
seemingly a minor one, but is actually crucially important for the interpretation and
concerns the arrangement of the five central figures of the east pediment; it has been
continously debated among archaeologists
and art historians since the discovery of the
fragments more than a century ago. 9
The basic problem is that the fragments
themselves (Figure 6) can be arranged in
four substantially different ways (Figure 7)
and there are no obvious clues for choosing
the most probable one. There is a fairly
detailed description of the group by Pausanias, who saw it in the 2nd cent. AD, but
his text (Description of Greece, book V, ch.
10, 6-7) is not conclusive regarding the precise arrangement of the figures. The
locations of the finds are not unequivocal
either, since the pieces were scattered
around the temple by an earthquake in the
6th cent. AD and the fragments were subsequently reused in medieval buildings.

"B"
Open arrangement

"A"

"A"
Closed arrangement

"B"
Figure 6 Fragments of the central group of the east
pediment, as displayed in the Archaeological Museum of Olympia today.

Treu 1897; most recently: Heilmeyer et al.
2012.
9 For an overview of the debate cf. Herrmann
1987 and Patay-Horváth 2008.
8

Figure 7 Schematic reconstruction drawings showing every conceivable arrangement of the five central figures. Different colours highlight the differences of the four versions.
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4.2 Earlier reconstructions
Most often the reconstructions were presented in simple drawings, ignoring the
three-dimensional form of the statues or in
miniature plaster models. These miniature
models are beautifully coloured, but they
are actually not quite accurate. Produced
immediately after the discovery of the
fragments, they represent only the first
attempt and not a final, elaborate version of
the reconstruction. 10 Actually, they had
been replaced already by the end of the 19th
century, with life-size models, which were
made by using the plaster casts of the
fragments and by restoring the missing
parts in plaster as well. The most important
result, based on long experimentation with
them was summarized by G. Treu as
follows:
„Sodann ergeben sich bei einer
Aufstellung von K* neben Pelops
unüberwindliche räumliche Schwierigkeiten. Es wird, wenn man Pelops die
richtige, durch die Rückendübel angezeigte
Dreiviertelsdrehung zur Ecke hin giebt,
unmöglich, seinen Speer an dem
schleierfassenden linken Arm von K*
vorbei zu bringen. Davon überzeugt ein
Versuch mit den Abgüssen in dem richtig
gebauten Rahmen ohne weiteres.” 11
Treu stated thus explicitly, that figures G
and K can not be placed next to each other,
because their arms would come into
contact. Obviously, he was absolutely convinced, that this arrangement (Open Type
„A”) is physically impossible and invited
everybody to verify this statement with the
life-size plaster models. This has been done
by various scholars following him, and no
one questioned this observation. 12 But
afterwards, the results of the early experiments were totally ignored: the models
were not used for experimentation after
World War II and they are no longer
mentioned in recent publications, and no
one has attempted to verify or to refute this
Patay-Horváth 2012.
Treu 1897, 120.
12 Studniczka 1923, Bulle 1939.
10
11
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result. 13 Instead, a great number of studies,
and two complete monographs were published on the east pediment, but no-one
was able to present a fully satisfactory reconstruction. 14 It is symptomatic that a pair
of renowned Greek-English authors presented two completely different reconstructions side by side in the same volume. 15
After a while it seemed that all conceivable arguments had been formulated and no
approach proved to be entirely convincing;
thus archaeologists grew tired of a seemingly unproductive debate and they gradually agreed on a reconstruction, which was
proposed by a few famous scholars. 16 But
in this way, an absurd situation emerged:
nowadays, the most widely accepted reconstruction is precisely the one (Open
Type”A”), which was declared to be technically impossible by Treu. Obviously, this
would not present a problem, if his results
had been thoroughly tested and clearly
refuted, i.e. if anyone had shown that Treu
had experimented with poorly-restored
models or had come to incorrect conclusions for some other reason. Instead, everyone has ignored his arguments and his
results without any discussion. Apparently
nobody realized that the best evidence for
the benefit of experimenting with life-size
models is provided by Treu himself, who
had advocated the arrangement widely
accepted today, while he only had the miniature models at his disposal, but later his
experiences with the life-size models made
him change his mind.
In spite of the widespread acceptance of
this particular arrangement several scholars expressed their doubts and reservations
and proposed either other solutions or emphasized that the problem is still open to

As far as I know, the models and the results
achieved by experimenting with them is
mentioned only by Grunauer 1981, 287-288.
14 Säflund 1970, Paterake 2005, Becatti 1971.
15 Ashmole – Yalouris 1967.
16 Simon 1968, Stewart 1983, Herrmann 1987,
Kyrieleis 1997, 2011.
13
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debate. 17 It should be noted, that during
the rearrangement of the fragments in the
new archaeological museum of Olympia,
the Greek specialists opted for another arrangement (Closed type “B”) and this solution was also advocated by the first detailed monograph dedicated to the reconstruction and interpretation of the east pediment. 18 The most recent volume on the
other hand voted for Closed type “A”. 19
This one was suggested earlier by F. Studniczka, another archaeologist who used the
life-sized plaster models at Dresden, and it
was also advocated by P. Grunauer, an
architect who has studied the temple for
several decades and corrected the measurements (albeit by a few centimeters only)
given by Treu for the dimensions of the
pediment. 20 By doing this, he laid the
foundation for every future reconstruction
of the composition. In addition, a few years
later, he made another important contribution to the reconstruction and following a
detailed analysis, based exclusively on objective, measurable criteria, he concluded
that from the four possibilities the reconstruction type “Closed A” is the least problematic. 21

structed statues. The digital models were
produced by scanning the original fragments and by reconstructing them (i.e.
completing their missing limbs and armour) virtually. 22

4.3 The virtual 3D reconstruction
Since experimentation with the precious
and monumental original fragments is out
of question for practical reasons and plaster
casts and models are expensive to produce
and not easy to handle, it seemed to be
reasonable to apply the latest 3D scanning
technology to the problem. The aim of the
project was to test the practical feasibility
issues raised by the early experiments and
to assess the aesthetic effects of the possible
arrangements with 3D models of the reconBoth N. Yalouris (Ashmole-Yalouris 1967)
and G. Becatti (Becatti 1970) have opted for the
closed arrangement type A. Hurwit 1987: 6 note
2, Steuben 1990: 383, Knoll 1994: 80 just
emphasize that the question is open to debate.
18 Säflund 1970, 81-96 with Fig. 56.
19 Paterake 2005, 171-174.
20 Grunauer 1971.
21 Grunauer 1981, 281-301, esp. 288.
17

Figure 8 Virtual 3D reconstructions of the central
figures arranged as in Figure 7. The fragments are
displayed in grey, the reconstructed parts in pale
blue

22 For technical details see e.g. Patay-Horváth
2011a,b; 2012; 2013a.
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4.4 Results
Studying and testing the different reconstructions with 3D models revealed that
contrary to the expectations based on the
results of the early experiments with plaster casts, every arrangement could be realized. (Figure 8)
The virtual models show, however, that
the arrangement, which was considered to
be physically impossible in the 19th century (open “A”) and which is most commonly accepted today, is indeed the most difficult to realize (Figure 9): the limbs of figure
K and G do not necessarily run across each
other, but the distance between them is so
small (max. 10 cm) that we can hardly believe that this arrangement could follow
the original intentions of the designers or
the sculptors.
Furthermore, the model clearly shows
that in the case of both open arrangements,
another problem arises: the spears in the
hands of the male figures fit the available
space only if both of them grip the shaft
directly under the spear-head (Figure 10)
which is otherwise not attested in Greek
art.
In the case of closed arrangements (Figure11), we have no such problem with the
spears; these arrangements can therefore be
regarded more probable than the open
ones. Though the remaining two closed
arrangements are possible both technically
and iconographically, one can observe, that
every piece of evidence, which is independent from the interpretation actually
points to type “A”, which can be considered therefore as the most probable reconstruction. 23 (Figure 12)
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ent scholarly and educational purposes and
it would be highly desirable to complete
the digitization and virtual reconstruction
of the temple’s architectural decoration (i.e.
the west pediment and the 12 metopes depicting the labours of Heracles).

Figure 9 Figures K and G according to the open
arrangement Type “A”

Figure 10 The spear-heads of the male figures in
the open arrangements.

5. CONCLUSION
The accurate virtual 3D reconstruction of
the temple, including its east pediment and
its cult statue as shown in Figure 13, has
clearly demonstrated the possibilities and
advantages of virtual archaeology. The
digital models can be employed for differFor a detailed discussion see Patay-Horváth
2008.
23

Figure 11 The spear-heads of the male figures in
the closed arrangement
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Figure 12 The virtual 3D reconstruction of the entire east pediment according to closed arrangement
Type "A"

Figure 13 The virtual 3D reconstruction of the entire east pediment according to closed arrangement
Type "A"
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