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Osama Daoud Abdellatif

Chairman of DAL Group, Khartoum, Sudan

I am very fond of the Taharqa on the Move project and its achievements:
it perfectly fits with our vision to deepen and expand the knowledge of and
interest in the cultural heritage of the Sudan. Recovering the history
of Kush has been one of the great achievements of recent archaeology,
and the Swiss Archaeological Mission to the Sudan has made a major con-
tribution to this field.

King Taharqa, the third sovereign of the 25th Dynasty, was the most
notable of the Nubian pharaohs. His statue from the cache at Dukki-Gel, now
held in the Kerma Museum, is an extraordinary piece of artistic workman-
ship. DAL Group is proud of its substantial contribution to the replication,
presentation and digital preservation of this outstanding example of Sudan’s
cultural heritage.

Matthieu Honegger

Director of the Swiss Archaeological Mission to the Sudan

Thanks to the generous support of our sponsor, DAL Group, it was possible
to provide a coherent way of presenting Taharqa in the Laténium Museum
without running the risk of endangering the original statue discovered
by the Swiss Mission in 2003. In an age of 3D reproduction, the display of
three-dimensional printed replicas of ancient artefacts is a promising alter-
native to the exhibition of originals, especially if the artefacts are fragile and
of outstanding value. We strongly believe that, in the context of temporary
exhibitions, our innovative approach sets the standard for the future with
regard to dealing with valuable heritage assets.

We have enjoyed a most successful collaboration with DAL Group, and we
would like to take this opportunity to thank its chairman for his outstanding
commitment and support to the Taharqa on the Move project.
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The Swiss Archaeological Mission to the Sudan celebrated its soth anniversary
this year. Its long history of success started in 1965 with the excavation of
the Twenty-fifth Dynasty temple of Amun at Tabo on Argo Island. The exca-
vations under the aegis of the “University of Geneva — Henry M. Blackmer
Foundation Joint Mission” were directed by the late Professor Charles
Maystre from the Centre for Oriental studies at the University of Geneva,
while Jean Jacquet and Charles Bonnet were responsible for the fieldwork
activities. In 1977, Charles Bonnet, who is an Honorary Professor at the Uni-
versity of Geneva, obtained the excavation license for the two main sites of
the Kerma region: the capital of the first Nubian kingdom, and its cemetery,
located 4 km to the east. Situated at the crossroads of major trade routes,
Kerma had an exceptional historical trajectory, making it one of the heart-
lands of the ancient African continent. Here, the American Egyptologist
Professor George Andrew Reisner had previously partly excavated several
archaeological sites in the rgros. Since the resumption of the excavations,
Charles Bonnet has made important discoveries which have contributed
enormously to our knowledge of Nubian history. While his project was set up
under the auspices of the University of Geneva, the mission since 2002 has
been under the directorship of Professor Matthieu Honegger of Neuchétel
University. It now encompasses the whole Kerma region south of the third
Nile cataract and covers a research period of 10’000 years. The surveys and
excavations conducted in hitherto unexplored areas, particularly in the
desert, east of the Nile Valley, have revealed the overall importance of this
area to African prehistory.

On January 11, 2003, the Swiss Mission team uncovered one of the most
remarkable archaeological finds in recent years. Archaeologist Charles
Bonnet and the team, under the direction of Matthieu Honegger, discovered
at the site of Dukki-Gel — located 1 km to the north of the former capital
of Kush - a virgin cache containing fifty-seven well-preserved and largely
complete fragments of seven monumental standing statues representing five
Nubian kings. Three belong to the 25th Dynasty kings Taharqa and Tanutamun
— who were the last “Black Pharaohs” — and four represent the Napatan kings
Senkamanisken, Anlamani and Aspelta (Tanutamun and Senkamanisken are
represented twice).

The seven statues, with their exquisite workmanship, transform our un-
derstanding of the art of this period and provide — as the late French Egyptol-
ogist Jean Leclant asserted — “a much better idea of the long-underestimated
originality of Nubian culture and its deep roots in an extremely distant past”



The excavated statue of Taharga is proudly examined by a local employee.

The seven granite statues in the Kerma Museum representing five Nubian Kings (from left to right:
Tanutamun |1, Senkamanisken |, Taharga, Aspelta, Anlamani, Tanutamun |, Senkamanisken I1).

(Bonnet and Valbelle, 2007: 11). After recovery, the statues were examined,
documented, scientifically analysed and professionally restored. The story of
the discovery and the epic history of this little-known historical era are
described and illustrated in Charles Bonnet’s and Dominique Valbelle's
beautifully illustrated monograph The Nubian Pharaohs: Black Kings on the Nile.
Today, the seven statues are permanently exhibited in the central hall of
the Kerma Museum, of which the Swiss Mission is a founding partner. They
constitute one of the museum’s main attractions and are frequently and
regularly visited by residents and foreign tourists.

The activities of the Swiss Mission at Kerma were first presented in an
exhibition accompanying the Seventh International Conference for Nubian




The replica Taharqa statue

, on exhibit at the Laténium Museum/Neuchatel; September 2014 to May 2015.

Studies’ in 1990. The exhibition was organized by Charles Bonnet in Geneva's
Museum of Art and History. It was entitled Kerma, Kingdom of Nubia and lasted
from June 14 to November 25 of the same year. A quarter of a century later,
the University of Neuchatel had the honour of hosting the 13th Conference,
and this time Matthieu Honegger conceived and curated the accompanying
exhibition in the Laténium Museum, the archae logical museum of the Swiss
canton of Neuchétel in Hauterive®. Under the title To the Origins of the Black
Pharaohs — 10’000 years of Nubian Archaeology, the exhibition was inaugurated
on September 2, 2014 and ended on the 17th of May 2015. A fully illustrated
catalogue of the same name accompanied the exhibition, which was attended
by over 23’000 visitors and was very well received by visitors and local media.

In the planning process for the exhibition, we carefully evaluated dif-
ferent options of how to present the 2003 discovery from Kerma / Dukki-Gel
in the Neuchatel venue. Given the various technical, logistical, ethical and
political aspects, we decided from the outset to exclude displaying the origi-
nal statues from the Kerma Museum?. Eventually, we opted to manufacture
a full-sized 3D reproduction in facsimile of the monumental granite statue
of Taharqa*.

In order to realize this endeavour, it was was deemed necessary to raise
additional funds. In November 2013, I had the opportunity to present
the Taharqa on the Move project to the chairman of DAL Group, Osama Daoud
Abdellatif. The proposed sponsorship project included the following elements:
3D high-definition scanning of the original statue in the Kerma Museum, 3D
printing and finishing of the replica in Germany, crating and shipping of
the reproduction statue to the Laténium Museum and delivery to the DAL
headquarters in Khartoum at the closure of the Neuchaétel exhibition. Mr.
Daoud Abdellatif instantly accepted my proposal and generously donated the
necessary funds for the project.

This quadrennial conference gathers archaeologists, historians, anthropologists and academics from
all over the world who specialize in studying the rich heritage of ancient Nubia and Sudan. The 7th
International Conference for Nubian Studies was held in Geneva from September 3 to September 8,
1990. The 13th Conference was held in Neuchatel, from September 1 to September 6, 2014.

The Laténium Museum is the largest museum dedicated exclusively to archaeology in Switzerland. It
opened in 2001, and is located on the shores of Lake Neuchétel.

For further discussion of these considerations, see Bundi, 2015.

Taharqa — who ruled from 690 BC to 664 BC — followed Shabaqo and Shebitqo to become the third
sovereign of the Twentieth-fifth Egyptian Dynasty. While born in the Sudan, he was crowned in the
Egyptian capital of Memphis, where he also resided for nearly half a century until the country was
invaded and conquered by the Assyrians. Taharqa died in 664 and was buried under an imposing
pyramid at Nuri, the western necropolis of the ancient city of Napata in Nubia.

IS



Mounting the replica at the DAL Group Headquarters,

.3

with the help and support of the Group's staff.

The title of the project refers to Taharqa’s virtual journey from Kerma
to Neuchétel and, eventually, back to Sudan. While UNESCO encourages
exchanges of cultural property to foster appreciation of the achievements
of different cultures and to increase understanding among nations’, we
believe that in view of the ongoing technological innovation in the realm
of 3D scanning and printing, the transmission of datasets as the basis for
3D printing will partly replace the physical movement of valuable heritage
assets. Even though replicas — according to Walter Benjamin - lack the
authentic aura of the original, in an age of post-mechanical reproduction,
they manage to convey a particularly powerful aesthetic experience.

The 3D scanning of significant archaeological heritage assets has also
become popular for the purposes of restoration and for the reconstruction of
archaeological treasures destroyed by forces of nature or by vandalization.
Since the statues from the Kerma Museum must be considered as both part of
Sudan’s national patrimony and part of the universal heritage of mankind,
we decided to scan the whole group of statues for digital preservation®. The
data will be made available to Sudan’s National Corporation for Antiquities
and Museums (NCAM) and to interested third parties for scientific and con-
servation purposes.

The process of cultural transmission — i.e. the reciprocal sharing of
cultural information — via the transfer of knowledge and technologies was
a central aspect of the Taharqa on the Move project. We are convinced that our
responsible approach sets an example for the future management of fragile
heritage assets.

In early 2014, Taharqa embarked on a virtual journey from his home
at the Kerma Museum, which took him as far as Germany and Switzerland.
After a long time waiting, Taharqa has finally arrived at the DAL headquar-
ters in Khartoum North. The full-sized statue was raised on June 13, 2015 in
the company’s reception area; since then, Taharqa’s twin stands atop his
granite podium and looks down majestically on the visitors with a twinkle in

his eye...

'ou

5 See UNESCO’s “Recommendation Concerning the International Exchange of Cultural Property” (1976).

¢ In order to better contextualize the history of the Black Pharaohs of the Egyptian 25th Dynasty in
the exhibition at the Laténium Museum, we furthr er decided to also produce a replica of Tanutamun I,
the last ruler of Egypt's 25th dynasty, from the Kerma Museum. In this publication, however, the
emphasis is on Taharqa, whose replica was sponsored by DAL group.



Final installation at the DAL Group Headquarters, with the help and support of the Group’s staff.

Taharga permanently installed on a customized granite podium at the DAL Group Headquarters.




3D-SCANNING AND PRINTING OF ROYAL STATUES FROM KERMA

Thomas Bauer and Mark Praus

TrigonArt Bauer Praus GbR Berlin

Measuring Operations and Data Processing

Since 2005, TrigonArt Berlin has been undertaking measurement cam-
paigns in the framework of the restoration programme of the Naga Project in
the Sudan (www.naga-project.com). In early 2013, we were contacted by Marc
Bundi from the Swiss Archaeological Mission to the Sudan, who asked us to
evaluate the feasibility of performing a 3D scan of the seven statues from the
cache at Dukki-Gel now held in the Kerma Museum. After reviewing the
available documentation, we decided to accept the challenge, and to embark
on another Sudanese adventure. In January 2014, the TrigonArt team trav-
elled to Kerma with the aim of recording the seven royal statues in three di-
mensions. The 3D data capture was successfully executed in nine consecutive
working days, with a high-precision scanner, using the 3D stripe light scan-
ning method.

Such high-precision measuring systems are commonly used in the indus-
trial sector. Typically, the surface-scanning process consists of the simul-
taneous projection of a white light pattern on the object and the recording
of its deformation by a stereo camera. Both the spatial conditions and the
favourable lighting in the Kerma Museum allowed us to take the majority of
the required shots in daylight. However, due to incident sunlight at the level
of the heads, we had to take the shots of these sectors in the evening and at
night.

As for the more detailed shots, we decided on a measuring field size of
300 x 300 mm. This corresponds to a measurement resolution/measuring
point distance of 0.15 mm on the object.

In order to guarantee the completeness of the dataset from the outset, we
pre-processed the data in parallel to the scanning process by inserting the
individual scans into a common coordinate system. For the ensuing produc-
tion of exhibition copies, we carefully documented the statues photographi-
cally, so as to achieve the highest colour fidelity and faithfulness to the orig-
inal. In Berlin, the digitized data underwent an elaborate process of analysis
and optimization. This work on high-performance workstations entailed
complex filter calculations on the digitized files. Detailed model calculation
were then carried out for each statue. The software utilises a triangle mesh
as the basis for interpolation between the individual measuring points. In
order to achieve highest detail accuracy of the virtual data sets and in the
subsequent manufacturing process, we calculated the 3D-based volume models
with up to 40 million polygons (triangles), and saved them as 3D datasets.

Scanning operations performed hy a team from TrigonArt; Kerma Museum, January 2014.

Scanning of Taharqa by a team from TrigonArt in the Kerma Museum; January 2014.



From these models, we were able to extract the main views of the statues
and deliver all the relevant numeric information, such as volume, size and
weight.

Digital Fabrication and 3D Printing

Prior to the mechanical reproduction of the two statues, we had to carry
out intensive planning and volumetric calculations. The predetermined max-
imum weight, the structural stability of the statues and their transportability
proved to be the main challenges. Given the maximum floor loading of
4o0kg/m2 in the Laténium Museum, it was not possible to print the statues as
solid bodies: the weight of Taharqa would have exceeded 700 kilograms. The
statues were thus conceived as hollow bodies. In order to guarantee the struc-
tural stability of the statues, we had to insert square aluminium profiles with
a cross section of 60/40 mm in the area of the projecting legs and the rear
columns of the statues.

3D rendering of Tahara, showing construction details. Rendering courtesy of TrigonArt Bauer Praus GhR, Berlin.

Name: Taharga

Inventory Number: 35583 Surface: 5.47 m2

Widht: 720 mm Volume: 0.361 m3

Depth: 898 mm Granite Density: 2.8 g/cm3

Height: 2545 mm Original Wheight Granite Statue: 1011 kg

3D rendering and modelling of Taharqa. Rendering courtesy of TrigonArt Bauer Praus GhR, Berlin.




Since the statues exceeded both the width and height of the build space
of the 3D printer, we had to cut the statues virtually in order to print them in
up to three parts each. Luckily, it was possible to execute these virtual
cuts along the existing break lines in the head and leg areas. We then needed
to integrate the openings for the insertion of the above-mentioned alu-
minium profiles into the dataset, and to virtually construct the seals for
these openings.

The 3D printing of the various parts of the statues of Taharqa and
Tanutamun I was successfully accomplished at Voxeljet, a 3D printing com-
pany based in Augsburg. The Voxeljet print technology uses a layer-building
method, consisting of the repeated application of 300-micrometre-thick
quartz sand layers that are selectively glued together with a binder using the
print head of the system. For the horizontal printing of Taharqa, up to 2000
layers were required. Even though the sand-printing technology has the
advantage of providing a very smooth surface quality to the finished parts, it
was nevertheless necessary to rework the surfaces of the printed raw parts in
our Berlin studio.

In order to ensure the granite-like finish, we had to grind all surfaces in
numerous steps. In the same process, we carefully smoothed out the visible,
production-related print layers. After repeated grinding and polishing, the
individual elements were ready for the uniform application of an epoxy resin
that makes them harder. Since the binder should penetrate as deeply as
possible into the surface, a low-viscosity epoxy resin was used with a pot life
of up to 300 minutes. The different elements were then screwed on, and, in
addition, glued with a special adhesive for added strength. We then inserted
the aluminium profiles through the revision openings, screwed them onto
the base plate, and sealed them permanently.

Crating and Shipping

Given the value and the relative fragility of the replica statues, we
decided to develop customized transport crates to ship them to Neuchatel
and to Khartoum. We aimed to construct solid crates which would make the
setting up and the dismantling of the statues very easy. We thus constructed
a steel frame rack with a profile cross section of gomm, which we screwed
onto the 2omm base plate. The construction was conceived and executed
so that the main elements and cross braces could easily be mounted and
removed for/after transportation. The installation of the statues in the
Laténium Museum in Neuchdtel and the final mounting of the statue of
Taharqa at the DAL Group headquarters in Khartoum North could thus be

executed without any complications.

3D sand-printing of Taharga at Voxeljet, Friedberg/Germany; July 2014.
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Replica of Taharga assembled. ground, polished and treated with

epoxy resin. Picture courtesy of TrigonArt Bauer Praus GbR, Berlin.

Application of the primer coat by the team of restorers at
Riitt + Schulz; Berlin, July 2014. Picture courtesy of
Riitt + Schulz GbR, Berlin.

=

Application of the last coat of paint by the team of restorers at
Riitt + Schulz; Berlin, August 2014.
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REPLICATING THE COLOUR SCHEME OF TAHARQA AND TANUTAMUN |

22

Anette Schulz

Ritt + Schulz Restaurierung GbR Berlin

Since 2008, we have realized several successful projects in close collabo-
ration with the Berlin-based scanning specialist TrigonArt. It was thus only
natural to accept the invitation to join the Taharqa on the Move project and to
apply a colour scheme on the replicated statues of Taharqa and Tanutamun I.
We executed the work in three weeks in the summer of 2014, in our studio in
Berlin-Lichtenberg.

The surface finish of the replicas was very similar to a granite surface.
Despite the epoxy impregnation, however, the material was still highly ab-
sorbent and therefore had to be treated with a double-layer coating. Since
the coarse crystalline granite of the original statues is characterized by a
high percentage of glossy, colourless quartz, dark minerals such as mica, and
multiple colouring feldspar fragments, the colour imitation of the statues
was a rather challenging task.

We observed that the granite variety used for the carving of the statues
of Taharqa and Tanutamun I differed clearly. While Taharqa was made of a
dark grey granite with very fine grain, the granite used for Tanutamun
has numerous inclusions of, and is characterized by, pale green veining.
Originally, both statues were blackened, and traces of this coating still
appear with varying levels of intensity.

In order to achieve the aforementioned granite effect in the colour scheme,
we applied different coats of paint on the replica statues in a total of 19 sepa-
rate steps. The application techniques varied from layer to layer. We created
translucent layers of paint and applied both stippling and sprinkling tech-
niques, making use of brushes, scrubbers and sponges. As a binder, we mainly
used mixtures of cellulose derivatives and acrylates, which were added with
pigments, mica and calcite. In order to achieve the required degree of gloss
and the translucent effect of granite, we further applied several intermedi-
ate layers of a wax-paint medium which can be polished to the desired effect.
Before applying the darker coloured layers, we had to seal details such as the
incised hieroglyphs and relief decorations with a masking fluid, which was
later removed. This enabled us to imitate the luminous effect of the finely
picked surface.

The extensive photographic documentation of the statues allowed us
to study peculiarities such as large inclusions or veins and spottings in
the stone as well as damage (scratches or breakages) and to approximate the
original as closely as possible.

However, since we did not have the option of viewing the original statues,
we had to rely entirely on the photographs; this was our most significant
challenge. It was crucial to discuss both the details and the overall effect with
Marc Bundi from the Swiss Archaeological Mission and with our counter-
parts at TrigonArt. The many positive comments received from people who
have seen the original statues in the Kerma Museum confirm that we success-

fully achieved the intended result.

Last on-site retouches at the Laténium Museum; Neuchatel, September 2014.
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The replica Taharqa statue on exhihit at the Laténium Museum/Neuchatel; September 2014 to May 2015.
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Name: Taharga

Inventory Number: 35583 Surface: 5.47 m2

Widht: 720 mm Volume: 0.361 m3

Depth: 898 mm Granite Density: 2.8 g/cm3

Height: 2545 mm Original Wheight Granite Statue: 1011 kg
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