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The ancient city of Ur in the southern part of the low-
lands of Mesopotamia (today Iraq, Figure 1) was exca-
vated in the 1920s and 1930s by the British archaeologist 
Leonard C. Woolley. Among other architectural remains, 
a cemetery in the southeastern part of the central part of 
the city was excavated (Figure 2). This cemetery consist-
ed of some 2000 graves. Of them, 660 dated to the Ear-
ly Dynastic III period (ca. 2600–2500 BC). The 16 large 
shaft graves provided precious grave goods and thus rep-
resent enormous wealth. Woolley considered them to be 
the graves of the “kings” and “queens” of Ur and termed 
them “Royal Tombs” (Woolley, 1934)(Figure 3). After 
the end of the excavations in 1934, the finds were dis-
tributed among the National Museum in Baghdad, the 

British Museum, London, and the University of Penn-
sylvania Museum of Archaeology and Anthropology in 
Philadelphia.

Once the finds and findings of these Royal Tombs 
have been known, a scholarly discussion began about 
the physical objects, the composition, craftsmanship, 
technology and provenance of the materials, about their 
social meaning and importance, the dating and the in-
terpretation of the burials, and about the enigma that 
numerous attendants apparently followed the deceased 
of the main burial into the grave. The discussion is still 
ongoing to date. Based on the latest knowledge, the cem-
etery dated between c. 2500 – 2000 BC, i.e., until the be-
ginning of the III Dynasty of Ur (see Vogel, 2014, p.170). 
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Figure 1. Topographic map of the southern part of Mesopotamia, the land of Sumer, between the rivers of Euphratus and Tigris, 
showing the location of the city of Ur and many of the other first cities of the 3rd / 2nd millennium BC. Note that in this map the an-
cient coastline of the Persian Gulf (“Lower Sea”, Heimpel, 1987) is not far from the city of Ur. Image courtesy of the Penn Museum, 
Philadelphia. 
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Figure 2. Aerial photograph taken in March, 1930, showing the excavations of the Royal Cemetery at the southeastern corner of the 
Nanna temple complex (bottom of photograph). Photo: University of Pennsylvania Museums Archive. Image courtesy of the Penn 
Museum, Philadelphia, Image no. 191616.
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Analytical investigations on the metal artifacts and 
other materials from the Royal Tombs were performed 
shortly after the completion of the excavations by Leon-
ard Woolley. H. Plenderleith (1934) who was a conser-
vator at the British Museum at that time, was the first 
to publish a very small number of chemical analysis of 
the gold, silver, copper and bronze artifacts. These were 
predominantly performed by C. H. Desch. Desch per-
formed the first systematic program of analytical and 
metallographic studies of metals from Mesopotamia 

after his appointment to the Sumerian Copper Com-
mittee by the British Association for the Advancement 
of Science in 1927 (Desch, 1929). Among all the finds 
he had investigated, there was a large number of metals 
that were shortly excavated at Ur. There were two objec-
tives of these studies. 1) The natural resources should 
be identified from which these metals and alloys were 
manufactured because, especially in the southern part 
of Mesopotamia (Sumer, Akkad), no metal-bearing de-
posits occur. Consequently, all metal objects that were 

Figure 3. Detail of the Royal Cemetery at Ur showing the sixteen tombs deemed “Royal” by Woolley (1934, pl.273). Image courtesy 
of the Penn Museum, Philadelphia.
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found in Ur must have been imported from elsewhere. 2) 
The level of metal craft should be studied. The develop-
ment of urban centers in Mesopotamia since the 4th and 
3rd millennium was obviously connected to economic 
and technological growth. It was a period in which su-
pra-regional contacts to the west and to the east were 
intensified. Raw materials can be seen to have moved 
over long distances. Amiet (1986) coined the term “Age 
of Exchange” (see also Helwing, 2014, p.413), and this 
was the period in which metals were deliberately mixed 
to produce alloys, e.g., the copper-tin alloys. Desch who 
had analyzed a number of elements such as lead, arsenic, 
nickel, tin, iron, silver and sulfur, found especially that 
nickel was almost invariably present in copper and cop-
per alloys from Ur. Nickel is an element that is, for exam-
ple, present in the copper-bearing minerals and as well 
as the smelting slags of Oman. He thus suggested that 
the copper ore district of Oman in the southeast Arabi-
an Peninsula had to be considered as one of the major 
sources for copper in Mesopotamia.

Plenderleith (1934) benefitted from Desch’s results, 
knowledge and experience. In his article on the metal 
finds from Ur, he published dozens of metal analyses 
of Desch, also analyses of objects from Ubaid, Ninev-
eh, Susa, Kish and Bahrain. The Ur finds were primarily 
those allocated to the British Museum after the excava-
tion. Plenderleith, who was a chemist and archaeologist 
by training, discussed and interpreted the chemical com-
position and textures of gold, silver, bronze and copper 
artifacts with great expertise. On the basis of trace el-
ement results, he latched onto Desch’s idea, which was 
that the origin of the Sumerian copper was Oman or 
Magan. This idea was confirmed at a much later date 
through modern analytical techniques, more precisely, 
by comparing the lead isotope signatures of Sumerian 
copper with Omani copper mineralization (Begemann, 
et al., 2012). The interpretation of the cuneiform texts 
strengthened this interpretation by supporting a mar-
itime trade of copper from Magan to the small island 
settlement Umm an-Nar and the island of Bahrain 
(Dilmun) in the „Lower Sea“ (Persian-Arabian Gulf) 
(Heimpel, 1987).

Unlike for the copper, the tin, as the second alloy-
ing constituent in the bronzes, thwarted any attempt 
to locate its origin and its source could be nothing but 
speculation. The tin deposits of Afghanistan were in-
deed known as being a potential source, but without any 
analytical nor textual proof. 

The ambiguity of origin is also a problem for the 
gold objects. Plenderleith consistently found objects 
containing silver concentrations up to 40 wt.%, termed 
electrum, a variety of gold that can occur in nature con-

taining 20 % of silver or more. The gold was not refined 
to high-grade gold. The source locations for the gold 
from Ur still remain an mystery. But an important note 
in reference to the potential sources of the gold from Ur 
is the predonimant and close association of gold with la-
pis lazuli in various objects within the Royal Tombs. The 
source of the blue colored semi-precious stone is known 
because deposits of lapis lazuli are extremely rare in the 
world: It was mined in the famous mines of Sar-i Sang 
in northeastern Afghanistan and was already traded in 
the 3rd millennium BC in the many regions of the Mid-
dle East. The deposit of Sar-i Sang is therefore treated as 
a regional „anchor“, so it is possible that the gold may 
have its origin in Afghanistan as well. On a visual basis 
(for reasons of conservation and the limited analytical 
capabilities of the time, no more was possible) and also 
with regard to excavated tools of the ancient goldsmiths, 
Plenderleith suggested a variety of fabrication tech-
niques: Different joining techniques such as soldering 
using mouth blowpipes, cloisonné, repoussé, chasing 
and engraving, manufacturing of gold leaf and gold foil, 
hammering and casting of gold and silver.

Long after Plenderleith’s investigation on the mate-
rial, in 1980, the Mesopotamian Metal Project (MMP) 
was initiated at the University of Pennsylvania Museum 
of Archaeology and Anthropology in Philadelphia in 
order to answer basic questions about the nature of the 
metals and alloys used during the different time periods 
and in different areas of Mesopotamia (Stech, 1999). 
The MMP was the joint work of Stuart Fleming, J. D. 
Muhly, V. C. Pigott and T. Stech-Wheeler. It was the in-
ception of J.D. Muhly after Max Mallowan (1977) stated 
that it is still not known whether the Sumerian used 
copper or bronze (see discussion in Plenderleith, 1934, 
pp.285-286). The project included elemental analyses of 
main and minor constituents of 350 copper-based arti-
facts (copper artifacts and tin bronzes) from a number 
of Mesopotamian cities such as Ur, Kish, Fara, Nippur, 
Gawra, Billa, Nippur and Khafajeh. No gold artifacts 
were investigated. Metallographic analyses were made 
from about 150 samples, which in part were analyzed 
by scanning electron microscopy. Elemental analyses 
were obtained using the PIXE-technique by S. Flem-
ing. One major focus was again the question of tin: 
Tin bronzes were identified in the Royal Tombs of Ur 
(Stech and Pigott, 1986). The authors argue that the tin 
derived from Afghanistan and was brought to Mesopo-
tamia along with other prized goods such as gold and 
lapis lazuli. 

The Heidelberg project „Early metals in Mesopota-
mia“ (FMM) was focussed on the recording and analysis 
of numerous metal finds. It was developed to provide a 
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basis to link the development of metallurgy in Mesopo-
tamia with the technological knowledge in the neigh-
boring cultural regions of Eurasia (Hauptmann and Per-
nicka, 2004). Impetus for this project goes back to Dr. 
Michael Müller-Karpe, who had created an important 
basis with his work on the metal containers in Iraq. In 
their book „Die Metallindustrie Mesopotamiens von den 
Anfängen bis zum 2. Jahrtausend v. Chr.” an enormous 
collection of more than 2500 chemical analyses of cop-
per, bronze, silver and gold artifacts were presented. The 
analyses were mainly performed using a portable X-ray 
fluorescence spectrometer (pXRF), but also by neutron 
activation analysis (NAA). The authors mainly analyzed 
artifacts from the National Museum of Iraq in Baghdad. 
One of the major aims to be explored in this project was, 
once again, the question of the source or sources of tin 
for alloying copper to make tin bronze. 

This study was followed up by Begemann and 
Schmitt-Strecker (2009). In a further investigation 
they analyzed the lead isotope ratios of 140 copper 
and bronze objects from the Heidelberg project. In this 
study, they also included more than 50 objects from the 
Museum in Philadelphia, which were analyzed for their 
elemental composition and metallographic texture. The 
lead isotope signature of the artifacts in comparison 
with their lead isotope database revealed new and in-
teresting results and helped to confirm some of the ex-
isting theories and hypothesis. The authors found that 
the suite of metal sources supplying copper to Mesopo-
tamian are in high probability to be located in Anatolia, 
Iran, Oman, Faynan in the Wadi Araba in Jordan and 
northwest India. Many tin bronzes, which appear in the 
middle of the 3rd millennium BC, deviate from the cop-
per metal in their lead isotope ratios and suggest an im-
port of tin bronze from yet unknown sources embedded 
in much older geological environments than the regions 
mentioned above.

In 2009, on recommendation of Prof. Dr. Richard 
Zettler, the authors received the permission from the 
University of Pennsylvania Museum for Archaeology 
and Anthropology to start a new project to investigate 
metal artifacts of gold, silver, copper and bronze and 
other materials from the collection of the Royal Tombs 
of Ur archived at the Museum in Philadelphia. This re-
search project is a joint project of the Goethe-Universität 
Frankfurt am Main and the Deutsches Bergbau-Muse-
um Bochum. The project is entitled “Die Königsgräber 
von Ur, 2600 v. Chr.: Analytische, archäologische und 
technologische Studien an Gold-, Silber-, Kupfer- und 
Bronzeartefakten aus der Sammlung des Penn Muse-
ums, University of Pennsylvania, Philadelphia”.

A first screening of the material was performed by 

applying non-destructive analytical techniques to some 
dozens of gold objects from the collection in Philadel-
phia. In a second stage, we were permitted to sample 71 
gold objects and 50 pigment powders which were typ-
ically stored in cockle shells. We were also allowed to 
borrow a collection of prepared mounted and polished 
samples (we named them “Nash-collection”), which in-
cluded 89 samples of copper-based alloy fragments, 20 
samples from silver objects and 2 gold fragments for in-
vestigations in Germany. 

The scientific questions addressed in this ongoing proj-
ect tie in with the problems adressed by Woolley and 
Plenderleith and by the authors previously mentioned. 
It continuously focusses on two aspects: 

1.) The technological level of the craftsmanship of the 
metalworkers and the workers processing other mate-
rials: Are the technologies and innovations seen in the 
Ur metalwork a manifestation of the enormous political 
and cultural development of the urban settlements of 
Mesopotamia in the 3rd millenium BC? Were these tech-
niques imported from elsewhere, i. e. form lands con-
nected with Ur by its far-reaching trade contacts? This 
leads directly to the second major aspect:

2.) Provenance studies: Where did the metals and other 
materials come from? Much is known from archaeolog-
ical sources, but there are many gaps of knowledge. Cul-
tures and civilizations within distances of several thou-
sands of kilometers in all directions from Mesopotamia 
have to be taken into consideration.

Today we are able to apply the most modern analytical 
methods with higher sensitivity than ever before, and 
the yield of the analysis of archaeological materials can 
be greatly intensified by micro-sampling methods that 
allow to take portions of the objects to the laboratories. 
We are able to analyze the isotope compositions of lead, 
copper and osmium. In addition, large databases are 
available today, for chemical compositions as well as for 
lead and copper isotopes of slags, metals and minerals 
all over Europe and beyond. 

A workshop was organized to discuss the progress 
and preliminary results of the ongoing research project. 
The first results obtained in several sub-studies on the 
materials from Ur are promising. They were presented 
in a workshop at the Deutsches Bergbau-Museum Bo-
chum, May 18th / 19th, 2015.

All people working scholarly in our project and some 
external colleagues working on the Ur collections and 
relevant themes were invited to attend this workshop. 
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The following colleagues attended the workshop and 
presented lectures:
➢	 PD Dr. Barbara Armbruster, Université de Tou-

louse-Le Mirail, Toulouse, France: Technological 
Aspects of the Gold Objects from Ur – Preliminary 
Results and Perspectives.

➢	 Dr. Kim Benzel, Department of Ancient Near East-
ern Art, Metropolitan Museum of Art, New York 
City: Technologies of Jewelry at Ur: The Physics and 
Metaphysics of Skilled Crafting.

➢	 Prof. Dr. Andreas Hauptmann, Research Laboratory 
for Archaeology and Materials Science, Deutsches 
Bergbau-Museum Bochum: Making and Provenanc-
ing of Cosmetic Pigments from Ur.

➢	 Prof. Dr. Andreas Hauptmann, Research Laboratory 
for Archaeology and Materials Science, Deutsches 
Bergbau-Museum Bochum: Golden Artifacts from 
the Royal Tombs of Ur, Mesopotamia.

➢	 Dr. Brad Hafford, University of Pennsylvania Mu-
seum of Archaeology and Anthropology: Ur-online 
and the Presentation of Scientific Data.

➢	 MA Moritz Jansen, Research Laboratory for Ar-
chaeology and Materials Science, Deutsches Berg-
bau-Museum Bochum / University of Pennsyva-
nia Museum for Archaeology and Anthropology: 
Where does the Gold from the Royal Tombs of Ur 
come from? Provenancing Gold Sources using Ana-
lytical Methods. 

➢	 Prof. Dr. Sabine Klein, J.W. Dept. of Geoscience, 
Mineralogy, Goethe University Frankfurt a.M.: Lead 
Vessels from the Jamdat Nasr-Period, Ur.

➢	 Prof. Dr. Sabine Klein, J.W. Dept. of Geoscience, 
Mineralogy, Goethe University Frankfurt a.M.: New 
Analytical Results from the Ur-Collection of the Brit-
ish Museum.

➢	 Dr. Stephen Merkel, Research Laboratory for Ar-
chaeology and Materials Science, Deutsches Berg-
bau-Museum Bochum: Silver Ores from the Panjhir 
Valley, Afghanistan.

➢	 MA Eveline Salzmann, J.W. Dept. of Geoscience, 
Mineralogy, Goethe University Frankfurt a.M.: Ana-
lytical Investigations on Silver, Copper and the Earli-
est Tin Bronzes form Ur.

➢	 Dr. Judith Thomalsky, Deutsches Archäologisches 
Institut: New Activities of the German Archaeolog-
ical Institute in Afghanistan.

➢	 MSc. Hendrick Wick, Dept. of Geoscience, Mineral-
ogy, Goethe University Frankfurt a.M.: Petrological 
and Geochemical Investigations of “Alabaster”-Ves-
sels from Ur.

➢	 Prof. Dr. Richard Zettler, University of Pennsylva-
nia Museum of Archaeology and Anthropology: A 

Horde of Copper-Alloy Vessels from PG 1422, a Late 
Akkadian Burial.

Extended abstracts of a eight of these lectures giv-
en at the workshop are presented in this supplement 
to METALLA 22(1). Due to the advanced stage of the 
results of the analysis on the pigments of Ur, they are 
presented as an independent and contribution earlier in 
this issue.
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