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First report on the copper-smelting site HLO-1 in Wādī al-Дilo, UAE
Johannes Kutterer & Sabah A. Jasim

Summary
A preliminary report is given on the copper-smelting site HLO-1 of the Umm an-Nar (Umm al-Nār) period in upper Wādī al-Дilo in
Sharjah, UAE. Two seasons of explorations by a joint team of the Sharjah Directorate of Antiquities and the University of Tübingen
(Germany) in 2007 and 2008 yielded evidence for an Islamic settlement and graveyard at the site, as well as living structures,
a fortified building (watchtower), and a copper-smelting workshop of the Early Bronze Age. A large hemispheric ingot of pure
copper testifies to metal production at the site. From the amount of slag found during the explorations, a total of up to 56 t of locally
produced copper could be estimated. The slag is of the Fayalite type and differs slightly from the slag analysed at the contemporary
site of Maysar 1 (Oman). The difference may be due to the local ore, which was extracted from a vein situated at the slope above
the site. The melting temperature of the slag from Wādī al-Дilo was determined to have been about 1200°C. Most of the prehistoric
pottery found at the site is from the Umm an-Nar period. A few sherds and a radiocarbon date also indicate an occupation during
the Wādī Sūq period.
Keywords: HLO-1, metallurgy, copper smelting, Wādī al-Дilo, Bronze Age

Introduction
The beginning of the Early Bronze Age marks a major
step in the cultural development of south-east Arabia.
In the area of the United Arab Emirates there are many
important sites of this period, e.g. Umm an-Nar (Umm alNār), the site that gives its name to the main Early Bronze
Age culture in south-east Arabia or Hili (Hilī), which is
an anchor-point for the chronology of this time period.
It is a general assumption that the rich metal sources of
the Дajar Mountains are a basic geographic factor for
the rapid changes which happened from the end of the
fourth into the first half of the third millennium BC. This
assumption is also based on early historic information
from Mesopotamia: several cuneiform tablets from the
late third millennium BC mention the land of Magan
(which is identified as the Oman peninsula) as a source
for copper (Potts 1990; 2001).
To date, no Bronze Age copper production site had
been explored in the United Arab Emirates. This has now
changed following discoveries in the upper Wādī al-Дilo.
The Bronze Age smelting site is located in the northern
Дajar Mountains only about 15 km from the east coast
(Fig. 1). Nevertheless, the site is separated from the sea
by major mountain ridges. The distance from the coast
doubles if it is calculated along Wādī al-Дilo, which first

flows south and then east in a narrow, winding valley
towards the coast of the Gulf of Oman. The prehistoric
site described here is situated at about 350 m above sea
level on the left-side terrace of the wadi at the western foot
of a mountain ridge, which has an altitude of c.1000 m in
this area.
The site received archaeological attention after an
exchange of territories between the Emirates of Sharjah
and Fujayrah. Surveys of the Sharjah Directorate
of Antiquities led to the discovery of dense slag
concentrations and, more importantly, of a few pieces of
Umm an-Nar pottery among the slag (Fig. 2). Excavations
began in 2007 after recognition of the potential of the
site for the in situ preservation of installations for Early
Bronze Age metal production. Due to the presence of many
Islamic burials in the area of the site and the existence of
substantial ruins of historic buildings around the site, it
was first assumed that there might also have been copper
production at the site during the Islamic period. However,
to date the excavations have not yielded any evidence for
this assumption.

Historic features
Features from the Islamic period at the site of Wādī
al-Дilo are prominent in the form of some pre-modern
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Figure 1. A map showing the location of Wādī al-Дilo (asterisk), other copper deposits and metallurgical sites
(triangles), and settlements from the third millennium BC (circles). Sites mentioned in this paper are underlined.
(Modified after Weeks 2003: 11, fig. 2/2).
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Figure 2. A plan of the site of Wādī al-Дilo with surface findings and main excavated features.
buildings in the northern part, which — according to the
locals — were associated with tobacco farming. There
are the remains of several semi-subterranean houses as
well as a building consisting of two parallel walls of
16 m in length and an inter-space of 6 m between them
(Fig. 3). The space between the walls was originally
covered with a roof: tobacco leaves were hung up there
to dry after being harvested. Other important features are
Islamic graves, some of them in a long line parallel to
the mountain slope and others in another concentration
in the centre of the terrace. The landmark of Wādī alДilo is an old watchtower at the south-western end of the
prehistoric site.

Prehistoric features
The Bronze Age remnants are less obvious in the

landscape. Massive prehistoric buildings are indicated by
mostly curvilinear outlines of stone walls at ground level.
Some of the features visible at the surface are shown in
Figure 3.
The most conspicuous pre-modern feature was
observed close to the Islamic watchtower. A low
mound just north of the watchtower seemed to contain
a prehistoric grave. Indeed, excavations at this location
uncovered a round stone structure with an outer diameter
of 7.7 m and an inner diameter of c. 5.1 m (Fig. 4). As
the structure was found devoid of any artefacts — except
masses of slag in its filling — no indications of its use
could be reconstructed. There was neither an entrance
from the outside nor doorways through the crossed
internal walls, which were erected after some 20–30 cm
of sediment had accumulated on the original surface of
the floor inside the building.
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Figure 3. An Umm an-Nar watchtower (seen from the south).

Figure 4. Pottery sherds found at HLO-1 (lower left: Indus culture ware;
top and lower right: Wādī Sūq; all others: Umm an-Nar).
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Figure 5. An orthophotograph of the workshop area.
The fact that no finds were obtained from inside the
structure precluded a typological dating of the building.
However, excavation of a fire pit visible in an exploration
trench dug against the outer circumference of the tower
yielded a radiocarbon date in the early second millennium
BC (Hd-26446: conventional Age BP: 3470±34; cal BC
1886-1692 (2σ)), i.e. in the early Wādī Sūq period. As
this fire pit does not extend underneath the structure, but
was obviously built against it, the radiocarbon date is a
terminus ante quem for the tower.
According
to
Gerd
Weisgerber
(personal
communication), the excavator of the smelting site at
Maysar in Oman, such towers are well-known features at
Early Bronze Age sites in the Omani mountains and are
considered to have been Umm an-Nar watchtowers. The
date of the fire pit is a first indication for a continuation of

the site into the Middle Bronze Age: we do not yet know
if copper production continued into that period. A second
radiocarbon mesurement on charcoal from a fire pit in
one of the trenches near the workshop yielded the date of
3824±15 BP (Hd-27591: cal BC 2336–2203 (2σ)) which
is in the Umm an-Nar period.
Another complex structure is a building with curved
walls in the north-western part of the site, apparently
consisting of four rooms. Our excavations reached the
floor level of the room in its north-eastern corner. Its
entrance was from a central corridor and a doorway is
visible leading towards the room further west. This northwestern room was excavated to what appears to have
been a sort of floor level within the rubble filling this
compartment. The connecting doorway seems to have
been lifted to the relevant level. It is clear that this room
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Figure 6. A cross-section of the ingot showing a large
air bubble at the bottom.
was reused at some time after the main use of the northeastern room. According to some potsherds, this seems
to have been during the Wādī Sūq period. Apart from the
fire pit dug against the watchtower, this is the only in situ
evidence for the Wādī Sūq occupation of the site found
to date.
There are also some Wādī Sūq pottery fragments from
other parts of the site. However, most of the diagnostic
prehistoric ceramics found at Wādī al-Дilo are from the
Umm an-Nar period. They also include fragments of
typical Indus culture ware, indicating that Wādī al-Дilo
was connected to contemporary trade networks (Possehl
2002: 219).

Archaeometallurgy
Excavations at the foot of the slope, in the area where the
slag distribution seems to have had its point of origin,
revealed the massive walls of a workshop with a complex
architecture (Fig. 5). The walls evidently represent several
phases of use and rebuilding. At least one floor level was
clearly associated with the processing of copper ore, as its
greenish colour is still visible in the section. Apparently
ore processing and smelting took place in this workshop,
explaining the high copper content of the floor sediment.
Some other interesting findings are also associated with
this horizon: a round pit, lined with half-baked clay was
filled with very fine-grained sediment, containing drops
of oxidized copper. It appeared to have been a casting pit
for raw copper. A second pit near the first one was visible
but poorly preserved.
A hemispheric copper ingot (Fig. 6) was found in the
vicinity of this pit. It has a diameter of 15 cm and weighs
4.6 kg and thus represents the largest such find known up

Figure 7. A phase diagram showing the slag from HLO1 (circles) and the average chemical composition of the
analysed slag from Maysar 1 (triangle). The amounts of
MnO, MgO, and CaO have been added to the amount of
FeO. (Modified after Osborn & Muan 1960).
to now from south-east Arabia. There are ingot fragments
of similar shape from a hoard in Maysar and al-ΚĀqir. The
hemispheric shape of the Bronze Age ingots is due to the
fact that they were moulded in sand pits (Weisgerber &
Yule 2003: 48; Weisgerber 1981). Samples were taken
from the ingot for chemical X-ray fluorescence analysis.
One of them is from the corrosion layer and three from
inside the ingot (top, middle, bottom). The three samples
(Fig. 8) from the inside show that the ingot consists of
almost pure copper (99.5%) with traces of other metals
(including iron, nickel, and arsenic). The amount of
nickel and arsenic is not as high as in copper artefacts
from Oman whereas the content of tin, which is lower
than 0.005%, is similar to those artefacts (Prange 2001:
96). The corrosion layer contains a little more iron.
In order to analyse further the technology of copper
production, some samples of tapping slag were examined
with the help of X-Ray fluorescence (WD–XRF)
analysis. Around 40% of silicon dioxide (silica), 20% of
iron oxide, 12% of aluminium oxide, 13% of magnesium
oxide and 5% of lime could be observed (see Fig. 9) as
the main components. There is also 1.7% of copper left
in the slag. The HLO-1 slag has a chemical composition
deviating from that of the slag from Maysar 1 in Oman.
The most obvious difference is a much higher amount of
SiO2. All slag samples so far analysed from Wādī al-Дilo
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Figure 8. XRF-analysis results of the copper ingot.
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Figure 9. X-Ray fluorescence (WD–XRF) analysis of tapped slags from HLO-1 and the average values
of tapped slags from Maysar 1. (*data for Maysar after Hauptmann 1985: 41, table 4).
contain over 10% more silica than the slag from Maysar.
In addition, the amount of Al2O3 is higher in the HLO1 slag. On the other hand, the quantity of FeO is lower
(see Fig. 7). Further research will be necessary to indicate
whether these discrepancies are due to differences of the
respective ores, or whether they are the result of deviating
technologies.
With the help of a phase diagram (Fig. 7) a temperature
of around 1200°C can be estimated at which the slag
was liquid. Together with the chemical composition this
indicates that the HLO-1 slag is so-called Fayalite with
a high silica and aluminium oxide content. The phase
diagram also depicts the difference between the slag from
HLO-1 and Maysar 1.

Figure 2 shows the distribution of slag on the surface
and the densest part is indicated by the hatched area. This
area comprises about 2800 m2. An exploration trench
opened here contained approximately 100 kg of slag per
square metre, therefore there are roughly speaking at
least 280 t of slag on the site. The weight proportion of
slag to metal is between 5:1 and 10:1 (Hauptmann 1985:
108; Weeks 2003). Thus, the estimated amount of copper
produced at the site is between 28 and 56 t.
The natural base for the local copper production is
an ore vein, the remnants of which are still visible in the
landscape. The ore efflorescence is embedded in the local
ophiolite, a fairly hard rock which was probably not easy
to break. Some tools associated with mining were found
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on the surface, such as a grooved hammer stone, which
is a typical tool of early miners. Much more numerous
on the surface are indications of ore processing — in
particular as evidenced by pitted crushing stones of all
sizes, some of them with multiple pits, and many of them
reused to line the Islamic graves in the northern part of
the site. These tools clearly indicate the local extraction
and processing of the copper ore.

Conclusions
Two seasons of exploration at the Bronze Age smelting

site in Wādī al-Дilo yielded promising results. It seems
that, after the work done twenty-five years ago at Maysar
in Oman, another such site has come to the attention of
archaeology. Future excavations at the site — especially
in the workshop areas with their deep sedimentation along
the bottom of the slope — will, it is hoped, shed further
light on the smelting technology of the Early Bronze Age.
The evidence for the presence of people at the site during
the Middle Bronze Age allows us to hope for indications
on the metallurgy of the Middle Bronze Age. Indigenous
copper production must be at the origin of the rich metal
finds in many Wādi Sūq burials of south-east Arabia.
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