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ABSTRACT: The Meroitic kingdom (300 B.C. – 350 A.D.) was situated to the south of Egypt and can be seen as a
link between the ancient Mediterranean World and Central Africa. Meroitic art and architecture reflect the influence of both cultures. Applied construction techniques also show peculiarities which emphasise Meroe’s
exceptional position. The Naga research project, conducted since 1995 by the Egyptian Museum in Berlin and
its director Prof. Dr. D. Wildung, provides observations on a wide range of constructions and structural details.
Today, due to extensive documentation work, we are in the fortunate position to be able to reproduce the
construction process from the quarry to the finished stone building. With their preserved trenches and quarry
marks, the different quarries at the Jebel Naga mountain provide evidence how local sandstone blocks were
prepared and extracted from the mountain face. Furthermore, the well-preserved stone temples of Naga
demonstrate the methods and tools used in the construction process. On the one hand, a continuation of a
long masonry tradition is evident and influences can be traced back to Egypt to the Pharaonic period as well
as to the Ptolemaic and the Roman periods; on the other hand, exceptional and unusual construction methods show an individual Meroitic development.

Figure 1: The Hathor-Chapel, the Jebel Naga in the background
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INTRODUCTION
Ancient construction techniques were subject to various research projects, as well as their transfer in the Mediterranean compass of Greco-Roman culture. Still, the extent or the ways of this transfer of knowledge are not
fully known to date. Finds of Hellenistic and Roman goods in Meroe prove commercial relations with the Mediterranean, and cultural influences on Meroe and its architecture through Ptolemaic Egypt have been discussed comprehensively (Török 2002). At the same time, the investigation of Meroitic constructions is at its beginning. The ancient city of Naga, the southern gateway to the Meroitic kingdom, offers the opportunity to
investigate Meroitic construction on extraordinarily well preserved buildings. Here, proof was found for the use
of Greco-Roman techniques in the heart of Africa.
NAGA - A MEROITIC ROYAL CITY
The archaeological site of Naga is one of the best preserved urban complexes of the Meroitic time. During its
period of prosperity (approximately between 200 B.C. and 300 A.D.), the city appears to have been one political and religious centre of the Meroitic Kingdom: a Royal City which the king, residing in the capital Meroe,
used in ruling the semi-nomadic population of the savanna. Since the 19th century, early travellers and research-expeditions described the town and its temples. Single aspects have been investigated and some details documented. In 1994, the Naga project of the Egyptian Museum in Berlin, conducted by its director Prof.
Wildung, started the first comprehensive systematic documentation, investigation and preservation of the ancient settlement. Archaeologists, architects and restorers work together to fulfil the different objectives of the
mission. The project is funded by the German Research Foundation and the Friends of the Museums at Berlin.
(Wildung, Kroeper 2006) The work of Alexandra Riedel, one of the authors, is supported by the Gerda Henkel
Foundation.
The excavations and investigations of recent years focus on the compilation of a general map (Fig. 2) of the
city's area as well as on detailed investigations on three of the main temples: the Amun-Temple, the Temple
200 and the Hathor-Chapel, the so called Roman Kiosk. Simultaneously to the excavation, a detailed survey
and documentation of the existing structures was undertaken, which included information of the planning
process, the building materials and the construction techniques. Endangered building parts, like the capitals
and architraves of the Hathor-Chapel, had to be recorded in situ and then removed for restoration, offering
an even better insight into the construction of the ancient buildings. Due to a detailed documentation
achieved through a close interdisciplinary cooperation, we are in the fortunate position today to be able to
reproduce the construction process from the quarry to the finished stone building, which will be attended to in
the following.

Figure 2: The Meroitic site of Naga with the temple area to the south and
the sandstone quarries at the Jebel Naga to the east
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BUILDING MATERIALS
The building materials used throughout the ancient city of Naga are dressed sandstone, rubble stone, mud
brick, burned brick, mud mortar, mud plaster and, as evidenced through the analysis of samples, lime plaster
and lime slurry. Furthermore, timber and iron have been used, but are only preserved in minimal traces.
As the most important buildings, dressed sandstone was the material of choice for the temples. Only the
Amun-Temple, the biggest temple complex of the city, consists of a mixed construction of dressed sandstone,
mud brick and burned brick.
The Sandstone
The remains of the old temples which dominate the appearance of Naga today, are of dressed sandstone.
The big differences in the level of preservation of theses buildings indicate the use of different stone qualities.
For example, on the one hand the stone of the Amun-Temple is very well preserved. On the other hand, the
blocks of Temple 200 remained only where they have been covered by sand, and those excavated are in
such a bad state that this cannot only have been caused by disadvantageous storage. At the same time,
quality of sandstone does not just vary between the several temples but within the construction of one building
as well. The question of the stone provenance can be answered easily by visiting the Jebel Naga (Fig. 2). A lot
of quarries are located along the mountain chain neighbouring the city in the east. Thus, the building material
seems to be produced locally. As an analysis showed, the cements binding the sandstone are clay minerals or
iron compounds. Different compositions are the reason for the varying hardness. The grain size is equally variable. A categorisation of the sandstone is difficult, because sometimes there are several stone qualities in
each geological formation. Still, it is possible to subdivide them into three general groups: first, a soft, almost
white sandstone quarried at the foot of the mountain; second, a hard sandstone from the top third of the
slope, where blocks of a larger size can be quarried; and third, a very hard stone quarried on top of the mountain, where the geological layers allow the largest sizes of blocks at Jebel Naga. In comparison to other sandstones, even the hard stone of the Jebel Naga (compression strength: 20 to 34 N/mm2) is a very soft material.
QUARRYING AND TRANSPORT OF STONE
The largest quarries at the Jebel Naga are on the top third of the slope. They show common quarrying techniques: open quarries with step-wise removal of blocks or enclosed quarry bays (Fig.3, left). In some cases, the
stone cutters worked into the rock, creating small halls in the slope of the mountain. Open quarries cover large
areas of the flat mountaintop as well. Here, the remains allow for a detailed reconstruction of the ancient extraction techniques. First, the blocks were separated by ca. 20 cm wide trenches. Very regular and parallel
chisel marks of up to 50 cm in length can be observed as one specific feature of these grooves. Due to these
traces and the narrow trenches, one has to assume that long iron chisels were held by one worker and hammered by another. After the separation of the block, it was detached from the bedrock with wedges. The still
visible traces indicate two different techniques. Big wedges, presumably made of iron, were inserted into holes
in regular intervals for splitting the stone against the natural strata. By contrast, splitting the stone with the natural strata was more precise and easier. In these cases, the wedge holes observed are smaller, similar to drilling
holes. Therefore, the size of the wedges must have been smaller as well. Both quarrying techniques are known
in Egypt. In the most famous sandstone quarries of Silsila in Upper Egypt, the long, parallel and very regular
chisel marks are dated to the Ptolemaic and Roman period. But the introduction of wedges into the quarrying
process was first introduced in the Roman period, which means after 30 B.C. (Klemm 1993, pp. 260-266). Therefore, we can conclude that the quarrying techniques used in Naga were the same as in Upper Egypt, and
probably imported from there. The time of prosperity in Naga, and presumably the time period during which
the quarries were used, corresponds to the late Ptolemaic and Roman periods in Egypt.

Figure 3: Sandstone quarry (left) and unfinished sandstone block (right) at the Jebel Naga
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In one of the quarries an unfinished block is left in situ. Two sides where other blocks have been removed are
freely accessible. On the other sides, the block has been separated by trenches. The lower face is still attached to the bedrock (Fig. 3, right). The accessible faces of the block are dressed planar by using a pointed
chisel, even the edges the stone cutters prepared with the point. One side of the block shows traces of check
gauges dividing the face as they are still used for levelling today.
There are not just various traces of the quarrying process in the quarries, but also a number of blocks. The size
and shape describes their intended position in the building. Therefore, one has to assume that to some extent
the blocks were quarried in needed sizes. Squared and roughly dressed, they could be transported to the construction site more easily, because less material had to be moved. The quarrying and dressing resulted in large
amounts of chips and rubble that can be found all over the mountain. In some cases, the rubble was used to
build ramps for transporting the blocks. In reducing the slant of the natural mountain slope, the transport was
made equally easier and safer. The fragile and heavy blocks could be moved down to the city on sledges or
wooden rollers.
TECHNIQUES OF THE STONE MASONS
The preserved sandstone constructions in Naga show the further handling of the stone blocks and the construction itself. While individual steps vary, the general techniques of the stone masons can be traced back to
fundamental techniques. The following techniques are distinguishable: preparation, marking, dressing, grinding
and furthermore drilling and sawing.
For the preparation, tools with a pointed edge or blade were used, for example picks or hammers and chisels.
The chisels were presumably points and made of iron, whereas the hammers could be made of iron (hammers) or wood (mallets). As mentioned above, the preparation of the blocks was partly executed in the quarries, but certainly refined on the construction site. According to the fineness of the desired appearance,
preparation can be subdivided into Bossieren (rock-faced), giving the block its general geometry, and Spitzen
(pointed work), working out the precise shape.

Figure 4: Stone masons techniques at the Hathor-Chapel; preparation, drilling and sawing
Scribed lines have been found in all buildings, mainly on non-visible faces. These markings were used as setting-out drawings to indicate the correct positioning of blocks or as construction drawings to help work out the
shape. For example, tracing lines were found on the top faces of capitals at the Hathor-Chapel during partial
dismantling. These are obviously construction drawings preparing the modelling of the geometry.
The further dressing of the sandstone blocks was done using mallets or hammers and chisels with flat or
rounded blades of a few centimetres in width. Some traces indicate the use of cutting hammers or stonemason’s hammers as well. Dressing is also subdivided in two qualities of fineness: Grob vom Hieb (rough stroked)
and Fein vom Hieb (fine stroked). The more roughly dressed blocks were most notably used in the areas of
floor, roof and all non-visible parts, whereas the finely dressed ones were used in ornamented or moulded areas. For the finer quality of dressing, smaller tools were predominantly used, but skilled stonemasons working
with bigger tools or cutting hammers are quite able to achieve equally fine surfaces. The transition of these
qualities is seamless.
The most refined surfaces found in Naga were achieved through grinding or polishing. Ground surfaces are first
of all applied to decorated areas of the buildings. The grinding tools used in Naga are unknown, but it can be
assumed that sandstone grindstones were used, as it is known for Egyptian buildings since the Pharaonic period (Arnold 1991, pp. 263-264).
The use of drills was documented on one piece only: The northernmost capital on the eastside of the HathorChapel shows drilling holes in parts of the decoration. These kinds of traces can be found in various buildings of
ancient Greek and Roman architecture.
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Sawing marks are visible on all temple buildings focused on in this paper. Normally, they can be found on the
top face of the ashlars. Obviously, the block on top was sawn and occasionally the saw cut into the stone below. This accounts for the sawing of the blocks while setting-out. The traces indicate the blade of the saw was
1-2 mm wide and probably a sheet of metal without teeth used together with sand and water as abrading
medium. In Egypt, sawing of stone can be seen at royal monuments already in the time of the Old Kingdom. In
Roman times, it was a common method (Arnold 1991, pp. 266-268). To facilitate the cut, the side faces of the
blocks were tapered and an anathyrosis band was worked out so that the complete depth of the block did
not need to be sawn. This reduction of joint depth permitted the creation of exact joints in a relatively short
time.
CONSTRUCTING WITH SANDSTONE - TECHNIQUES AND PECULARITIES
The construction with sandstone in Naga will be analysed in the following parts of the paper based on examples. Three buildings have been chosen on which the authors have worked on during the Naga project: the
Amun-Temple, the Hathor-Chapel and the Temple 200.
The Amun-Temple
The Amun-Temple (Fig. 5) is the biggest temple complex in Naga; its ruins still dominate the scene. Southeast
into the slope of the Jebel Naga, the temple was built on a platform that is accessed by a big central ramp in
front and several smaller ones on the sides. The whole complex consists of an altar, an avenue of rams, a kiosk
(a small open chapel) and the actual temple. It was built under the reign of king Natakamani around the time
of Christ's birth (Wildung 1999, p. 54).
Different materials were used for the construction. The pedestals of the rams and the kiosk are built of sandstone ashlars, whereas the temple consists of sandstone as well as mud brick and burned brick. The stone used
for this building ranges from hard to very hard and is presumably from the upper quarries of the Jebel Naga.
The stonework is made of large-scale ashlars. The front faces and joints show a high quality and level of precision, whereas the hidden rear faces are only roughly prepared. Extraordinary stone formats were used for door
lintels and ceiling slabs of the sanctuary. The size of the biggest lintel is 3.33 m in length, 0.82 m in depth und
0.70 m in height. The stone slabs of the sanctuary spanned a length of over 3.20 m. Only the hardest quality of
stone was chosen for these elements that are subject to high stresses. A particular knowledge of material
properties becomes obvious in this deliberate choice. There is no indication for a general use of mortar. Still, it
seems likely that clay was applied as packing during the setting of large-scale blocks. All buildings of the ensemble were plastered after construction. All walls received several layers of lime plaster, the interior of the
temple clay plaster. The decorated surfaces of the buildings, such as capitals, columns, and the temple gates,
were covered with a thin layer of lime slurry. Colourful decorations were found on the remaining fragments of
plaster. Of the mixed construction of the temple, only the parts executed in sandstone remained: the gates,
the columns of the hypostyle and the sanctuary. The brickwork was probably easily available building material
and has been removed or was washed away through the occasional heavy rain. Only a few layers remained
in situ and were uncovered during the excavation. The hard sandstone, however, which was additionally protected by plaster, is still in a good state of preservation today.

Figure 5: View of the Amun-Temple
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Figure 6: Hathor-Chapel, view from the inside to the west wall (left) and detail of the architraves (right)
The Hathor-Chapel
The Hathor-Chapel, the so-called Roman Kiosk, is the best-known building in Naga (Fig. 1). In its decoration, the
well preserved building combines various ornaments of the ancient Mediterranean world in a unique way.
Egyptian cavetto cornices are combined with dentils, a frieze of uraei meets round arched windows and a
Hathor’s head is placed opposite of a Corinthian capital. The elements used make the chapel the southernmost building to show hellenistic-roman influences. The chapel is part of the ensemble of the Lion-Temple, but
it is not yet sure if the complex was erected in one phase or two consecutive ones. While the Lion-Temple was
built under the reign of Natakamani, around the time of Christ's birth (Wildung 1999, p. 54), the chapel is dated
to the middle of the 1st century A.D. by stylistic comparisons (Török 1984, p. 159) and by palaeographic evidence (Rilly, pers. comm.).
The chapel is constructed of sandstone blocks of varying qualities. The hardest stone was used for architraves,
whereas a softer stone was chosen for capitals as to allow easier carving. The block sizes range from several
centimetres of repair substitutes to slender blocks to the architraves of up to 2.27 m in length by 0.65 m in
depth by 0.53 m in height. Oftentimes, column, wall and the springing of an arch are produced as a single
element, resulting in complex geometries of the blocks. Mortices and clay packing was used for the setting of
the stones. The Hathor-Chapel was not plastered.
The architraves are the part of the construction that is most out of the ordinary (Fig. 6). They are not simple
beams, reaching from abacus to abacus, as expected in Egyptian or Greco-Roman architecture. The abaci
of the Hathor-Chapel are very slim and always part of the architrave. The set back of the architraves is similarly
attached to one block only, thereby overlapping with the other one and hiding the joint. Through this complex
geometry, the second architrave is inserted into a recess of the first architrave and rests on the connected
abacus. This joining technique is atypical for stone constructions and seems to be derived from splice joints in
timber construction. It possibly indicates influences of local building traditions. On the top face of the architraves, there are two sockets worked in over each column. One of them can be recognised as a dovetail
hole; the other one is a t-shaped recess only a few centimetres deep, which was found again in a lower
course under the capitals. Inside the dovetail hole, there were only few remains of mortar to be found. The
analysis revealed a lime mortar with traces of rust. Obviously, iron dovetails were used to cramp the architraves. The function of the t-shaped sockets is not as evident: The absence of links to the dovetails contradicts
any interpretation as grooves for filling in liquid mortar. Possibly, these were fastenings for some kind of metal
decoration.
The Temple 200
The complex of Temple 200 again consists of an altar, a chapel and the temple. The ensemble is located to
the south of the Amun-Temple, rotated 90 degrees, at the main ramp. The floor plan of the temple was already known before the start of the excavation, as the top of the walls were visible in the sand. The exposure
revealed the whole temple complex preserved in the state of collapse. More than 1500 ashlars with out-
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standing well-worked reliefs have been recovered. Due to numerous inscriptions the temple complex was built
under the reign of king Amanikharekerema. The erection can be dated by stylistic and iconographic comparison to elements of the Lion-Temple and by epigraphic evidence to the middle of the 1st century A.D (Wildung,
in prep.).
The greater part of the Temple 200 constructions consists of the very soft sandstone. For the smaller kiosk, medium to large block formats were used, ensuring that columns and screen walls could be erected with single
blocks per layer. The temple was instead built of small blocks with two stone-block faces and a filling inbetween (Fig. 7). In many cases, blocks of an anterior building were reused. The total absences of lime plaster
and lime mortar shows that the ensemble was not plastered at all although the sandstone was extremely soft.
Possibly, a clay mortar was used for the filling or the setting of the stones. Furthermore, there is evidence of a
colour decoration on the relief of the temple. In Naga, a comparable two-faced construction can be observed at the older Tempel 500. The building is dated to the 2nd century B.C. (Wildung 1999, p. 74). Its sandstone
blocks are completely plastered. It appears that the construction of the Temple 200 is based on an older masonry tradition. Yet the plaster, which could have protected the soft sandstone, wasn’t applied.
Although this temple complex is very poorly preserved, a reconstruction of the construction process is possible.
The walls were erected on a strip foundation. Both parts are constructed identically. The walls were built in
courses. For this, the two stone-block faces were placed on a prepared top face of a lower course. Blocks with
a planar dressed bottom face were placed and the side faces cut with a saw. The effort of sawing was reduced by the triangular shape of the prepared blocks. Today, the remaining side faces measure 4 to 10 cm.
Thus, it has to be considered that the front surfaces were dressed and carved after the construction of the
walls. Therefore, the stone is smaller by a few centimetres now. After the setting of the casing faces, the core
was filled with blocks and chips. Finally, preparing the next course, the top faces of the first course were
dressed. The horizontal joints show unequal heights at irregular intervals, but always corresponding to vertical
joints of the upper course. This can prove the procedure; the direction of the setting progress can be derived
from the saw marks (Fig. 8, top: construction progress from right to left). The joints received are extremely exact. While the horizontal faces were probably dressed and adjusted, the execution of the vertical faces raises
questions. These vertical cuttings are not always straight or at a right angle, but sometimes undulate. The
curves are mirrored exactly in the neighbouring stone. The following technique is suggested as an explanation:
After the dressing of the lower course and the setting of the first block, the stone mason placed the following
one to the left, but shifted to the back. In that way the endings of the stones overlap and both blocks can be
sawn at once (Fig. 8, bottom). The sawing results in absolutely parallel side faces. Afterwards, the second block
just has to be moved to the front of the wall and the procedure can start again. The use of this technique
could explain the accurately fitting but curved joints as well as the single trace of the saw on the top face of
the blocks (Fig. 8, top), which are always slightly shifted under a vertical joint.

Figure 7: View of the Tempel 200

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

Figure 8: Construction of the wall of Temple 200 with saw marks and one excavated block (top),
demonstration of the cutting of two blocks at once (bottom)
CONCLUSIONS
The excavations and investigations of the ancient city of Naga during the last years allow an insight in Meroitic
construction. The three buildings introduced here were all erected between the time of Christ's birth and the
middle of the 1st century A.D. Reference to the map of Naga illustrates the enormous scale of this building
programme. In their composition and decoration, these buildings reflect local Meroitic developments as well
as influence of the northern neighbours. The same can be concluded from the analysis of the building construction and stonemason techniques. The three temples show very different construction methods. Some
techniques, such as the two-faced walls of the Temple 200, were used continuously. New developments, like
the architraves of the Hathor-Chapel, were used at the same time as traditional constructions. The analysis of
stonemason techniques provides a better informative basis. For example, the use of wedges and drills are a reliable indicator of Greco-Roman techniques, although dating the use of these tools in Naga is not definite yet.
Nevertheless, proof for the use of Greco-Roman techniques in Naga opens up the question of transfer of
knowledge.
The singular use of drills on the Hathor-Chapel could indicate that trained stonemasons from Egypt came to
Naga for specials tasks such as the detailing of the capitals or in order to instruct local workers during a short
period of time. Still, the continuous use of the above mentioned quarrying techniques could suggest that
Meroitic workers were trained in Upper Egypt. These would be our preliminary proposals to explain the transfer
of technologies from Ptolemaic-Roman Egypt to the southernmost city of the Kingdom of Meroe.
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