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Abstract:

Archaeological research at Al-Khashbah, Sultanate of Oman, conducted by the University of
Tubingen, revealed a large Early Bronze Age (3" millennium BCE) site. During the intensive surface
survey and excavations, several ground stone tools were found. Most of them came from the vicinity
of monumental stone and mud-brick structures, so-called towers, and are clearly connected to copper-
processing waste such as slag, furnace fragments and prills, i.e., droplets of molten copper. Therefore,
it is assumed that these ground stone tools were used within the operational procedures of copper-
processing. Interestingly, only the monumental towers from the first half of the 3™ millennium BCE,
i.e., the Hafit period, feature larger quantities of ground stone tools as well as copper processing waste.
Towers from the second half of the 3™ millennium BCE, i.e., the Umm an-Nar period, have none.
Within the scope of this paper, the distribution of the different types of ground stone tools in Al-
Khashbah as well as their find context will be presented. They are illustrated with drawings generated
from 3D models created using digital photography processed with the software Agisoft Photoscan.
Comparisons with other 3 millennium BCE sites in Eastern Arabia show that there as well, copper-
processing remains are often associated with ground stone tools. The overall variety of types seems to
be rather homogeneous in the region.
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1. Introduction

In 2015, a new archaeological research project from the University of Tubingen, funded
by the German Research Foundation, was launched in Al-Khashbah, Sultanate of Oman, in
order to investigate the fundamental social and economic changes that occurred during the 3™
millennium BCE in Eastern Arabia (Schmidt & Dopper 2017a; b). Al-Khashbah is situated in
central Oman, south of the main mountain range, the Al-Hajar Mountains, about 16 km to the
north of the modern city of Sinaw in the Ash-Shargiya governorate (Figure 1). Archaeological
remains, among them more than 200 tombs and at least 10 monumental stone or mud-brick
buildings, so-called towers in the archaeological terminology of the region, are spread out
over an area of approximately 5 x 2.5 kilometres.
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Figure 1. Map of Oman with Al-Khashbah and other sites mentioned in the text.

Al-Khashbah (Figure 2) is long known as an important site of the 3 millennium BCE in
Oman because of its well preserved and unique rectangular building, Building IV (Figure 2),
but has been only briefly surveyed (Al-Jahwari 2013; Al-Jahwari & Kennet 2010: 203-207;
Weisgerber 1980: 99-100; Yule 2001: 384) prior to the beginning of the University of
Tubingen’s project in 2015. Intensive pedestrian and geophysical surveys as well as
excavations at selected areas were carried out during the past three seasons, mainly revealing
remains of the Early Bronze Age. The pedestrian survey covered an area of more than 20 ha
in total, which were field walked at 1 m spaced intervals in order to guarantee a complete
coverage of the surface. In total, 18.000 objects were recorded during this survey. Besides
some test investigations at Building Il (Figure 2), excavations focussed on the oldest known
remains at Al-Khasbhah: Building I and Building V, where five nine-week seasons have been
carried out between 2015 and 2019. Within the scope of this paper, three Early Bronze Age
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monumental buildings are of particular interest. These are Building | in the western part of the
site as well as Building IV and Building V in the central part of the site (Figure 2). All of
them date to the 3" millennium BCE, wherein Building | and Building V date to the earlier
part of the 3 millennium BCE, the so-called Hafit period (3100-2700 BCE), and Building IV
to the later part, the so-called Umm an-Nar period (2700-2000 BCE). Other Hafit period
monumental buildings in Al-Khashbah are Building VI, VIII, and IX. The buildings II, 111,
and VIl date to the Umm an-Nar period. After the 3 millennium BCE, Al-Khashbah was
widely abandoned and only six subterranean tombs of the Wadi Suq period (2000-1600 BCE)
are representing the 2" millennium BCE. Afterwards, Al-Khashbah remains unoccupied until
the Islamic period.

Hafit period Umm an-Nar period Wadi Suq period Islamic period unknown date

B Hafit building Umm an-Nar building * Wadi Sugtomb M Islamic building * tomb

@ Hafit tower Umm an-Nar stone wall @ Islamic mud-brick building = stone wall
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Figure 2. Map of Al-Khashbah with Building I, Building Il, Building 1V and Building V (Map: Al-Khashbah
Project).
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1.1. Building |

The area of Building | is characterized by a small elevation about 1 m in height next to a
wadi. Pedestrian surface surveys revealed large quantities of slag as well as some furnace
fragments in addition to many fragments of flint tools and their production debris (Figure 3).
This indicates that during the Early Bronze Age the area served as a place for copper
processing and the production of flint stone tools. Excavations brought to light a large mud-
brick complex surrounded by ditch systems measuring approximately 80 by 80 m. Its sub-
rectangular ditches are 3 m deep and 4 m wide. They encompass different mud-brick
buildings, which mainly consist of small, regular rooms with combinations of mud-brick and
stone walls. The overall layout and especially the function of these structures are not
completely understood yet, but they can perhaps be interpreted as what is called a tower in the
archaeological terminology of the region: a monumental building, circular in plan, whose
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function is debated. Interpretations range from defensive structures, or keeps, for protection
against hostilities (Frifelt 1976: 59; Weisgerber 1981: 198-204) to residences of elites
(Cleuziou & Tosi 2007: 147), resting places at a distance of a day’s ride (Frifelt 2002: 109),
market places (Frifelt 2002: 110), structures associated with irrigation (Cleuziou 2009; Frifelt
1989: 113; 2002: 104) and cultic structures (Hastings et al. 1976: 13; Orchard & Orchard
2002: 230-232; Reade 2000: 135-136). A series of 10 radiocarbon dates provide a coherent
date for Building | around 2800 BCE (Schmidt & Dopper 2017a: fig. 14).
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Figure 3. Building I: Results of pedestrian survey (Map: Al-Khashbah Project). The extent of Building 1 is
beyond the limits of excavation and therefore still unclear.

1.2. Building V

Building V is another monumental complex from the very beginning of the Early Bronze
Age, dating to the end of the 4th millennium BCE according to radiocarbon dates (Schmidt &
Dopper 2017a: fig. 9). It is a round stone-built tower with a diameter of 25 m and several
annexes to the south. The 2015 pedestrian surface survey revealed large amounts of slag and
oven fragments from its surface. In the excavations to the south of the building and in its
interior, further quantities of slag, furnace fragments and copper debris emerged (Figure 4).
This clearly indicates that copper processing was the main activity carried out here.

1.3. Building 1V

The most famous building of Al-Khashbah is Building IV. It is seemingly unique as it is
the only rectangular tower of the 3" millennium BCE known from Eastern Arabia. All other
towers investigated by archaeologists so far have a round ground plan. Its four sides are about
equal in length, measuring 29.5 to 30.0 m. Here, only Umm an-Nar (2700-2000 BCE) pottery
was found on the surface during the pedestrian survey, namely beige on buff domestic ware
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with a typical decoration of straight and wavy lines (Figure 5). This was complemented by a
few slag and furnace fragments.
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Figure 4. Building V: Results of pedestrian survey (Map: Al-Khashbah Project). Northern, eastern and southern
boundaries of the survey area were limited by modern constructions and the wadi, the western boundary by the
artificial grid system of the Al-Khashbah project. The circular outer wall of Building V is well visible on the
map, its total extent, however, is still unknown.

e

Apart from the 3@ millennium BCE remains at the tower, about 100 petroglyphs were
documented, which had been picked into the stone blocks of the walls. The motifs are
numerous and range from riders on camels and horses, men with raised arms, to a variety of
symbols and geometric motifs (Schmidt & Dopper 2017a: 218). Most of the petroglyphs were
found on the north-eastern corner of the building, where the wall is preserved to a height of up
to 2.20 m. The petroglyphs are most likely only a few hundred years old, and therefore much
younger than the building itself (Schmidt & Dopper 2017a: 218).

2. Methodological framework

All ground stone tools found during the pedestrian surveys or excavations in Al-
Khashbah, carried out by the Al-Khashbah project since 2015 under the direction of Conrad
Schmidt (Schmidt & Dopper 2017a; b), were given an ascending find number, attributed to an
archaeological unit, and their find spot was located within the global UTM system using a
total station or hand-held GPS. In total, 134 ground stone tools were recorded. In the
excavation house, the object’s information was entered into a database, including the
measurements of their maximum preserved length, width, thickness, and weight, as well as a
detailed description of their shape and the appearance of the worked surface and use-wear
visible to the naked eye. The ground stone tools were classified within the project’s typology,
which primarily divides between stone tools with evidence for grinding, polishing and
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percussion activities and records the shape of the longitudinal and transverse sections. A
determination of the raw materials of the objects is still work in progress and can therefore not
be incorporated in this article.
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igure 5. Building IV: Results of pedestrian survey (Map: A

In addition, for each of the ground stone tools, 100 to 160 photographs were taken using
a Nikon D3300 camera in such a way that enabled the creation of 3D models for each object.
From these, all relevant sections and views of the objects were generated (Figure 6). The 3D
models replace the time-consuming hand-drawing of the objects. The models were made in
two steps: first, photographs of each ground stone tool with one side facing the top of a sheet
with fixed targets were taken. Secondly, another series of photographs of the other side of the
ground stone tool on top of a different surface were taken. From this, it is possible to make a
complete 3D model of the object true to scale using the software Agisoft Photoscan. Within
this software point clouds and texturized models are generated.

3. Ground stone tools from Al-Khashbah
3.1. Building |

Different types of ground stone tools were identified among the 100 ground stone tools
found during the survey and excavations at Building I. As there is no standardized typology or
terminology for ground stone tools in Eastern Arabia this paper will differentiate between
grinding stones, hammer stones (i.e., pounders), pestles, mortars, polishing stones (i.e.,
burnishers), and anvils, following mainly Wright’s typology for ground stone tools for the
Levant (Wright 1992), while being aware of the overall multi-functional nature of ground
stone tools.
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Figure 6. Examples of ground stone tool 3D models; further models are available at the Archaeoman Website
(Dopper & Schmidt 2017).
The full sized 3D image is displayed on the previous page.

At Building I, only grinding stones (n=45), hammer stones (n=45), and polishing stones
(n=7) were identified. All of the grinding stones from Al-Khashbah and thus also those from
Building | were found in secondary or tertiary contexts, either in the fill of the buildings, on
the modern surface or incorporated in stone walls. Grinding stones and pounders clearly
dominate the assemblage of Building | as each of these groups makes up 45 % of all 100
ground stone tools found here (Figure 7 top). Only seven polishing stones and one possible
pestle were identified in the assemblage.

There is no visible pattern in the spatial distribution of the ground stone tools found in
Building I, with the exception of a slightly greater concentration in areas with stone walls, in
which many may have been incorporated in secondary use (Figure 7 bottom). Furthermore,
there is no visible difference in the assemblages from the survey compared to those from the
excavation. Both feature the same type of objects in more or less the same quantities. This is
also true for Building V, as discussed below.

3.1.1. Grinding stones

The grinding stones from Building | are mostly fragmented, which makes the precise
determination of their original shape and the distinction between the active upper (i.e.,
handstone, rubber) and passive lower (i.e., quern) grinding stone difficult. In case of more
than half of the grinding stones, less than one quarter of the original tool is preserved; only
two grinding stones were found complete. Therefore, upper and lower grinding stones are
grouped together in this analysis. The majority of stone tools found at Al-Khashbah were
assigned to this group. This allocation is supported by macroscopic use-wear analysis of the
worked surfaces, which show abrasion resulting from a back and forth motion. As far as we
could tell, all of the grinding stones from Building | have only one worked surface. Most of
these have a concave longitudinal and concave transverse section, arguing for their
identification as upper grinding stones, although convex and flat sections exist as well (Figure
8). Some of the grinding stones feature overhanging terminals. Where complete sections of
the objects are preserved, measurements were taken: the length of the grinding stones varies
between 158 and 365 mm, the width between 82 and 317 mm and the height between 34 and
140 mm, thus presenting a rather broad spectrum.
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Figure 8. Grinding stones from Building I.

Two of the grinding stones from Building | (KSB16B-i0142 and KSB17B-i0286) feature
worked surfaces with shallow dimples, demonstrating that they were secondarily used as
worked platforms or anvils (Figure 9).

3.1.2. Hammer stones

The hammer stones from Building | are characterized by their small size, so that they fit
into the palm of the hand. Their overall shape is cylindrical, spherical or pyramidal with a
variable number of worked surfaces - anything from one to five (Figure 10). These are
identified by shallow dimples, which result from downward percussive actions like pounding,
hammering and crushing. Nearly all of the hammer stones were found complete. Their
diameters range between 31 and 88 mm and their weight between 108 and 705 g. In addition,
two very small examples measuring only 25 and 36 mm in diameter and only 15 and 19 mm
in height were found. They weigh 17 and 28 g respectively.
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One small pestle or oblong hammer-stone made of black stone was identified. It
measures 53 mm in length with a 31 mm diameter and has a weight of 82.7 g. At its distal end
shallow dimples are visible.
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Figure 9. Grinding stones KSB16B-i0142 and KSB17B-i0286 with shallow dimples on the worked surface.
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3.1.3. Polishing stones

As they are modified solely through use, the seven polishing stones from Building | are
identified by a highly polished, smooth and often shiny worked surface (Figure 11). They can
have very different shapes: some of them are much larger and heavier, and thus stationary,
others are smaller and lighter and could have been carried around easily.

3.2. Building V

The ground stone tool assemblage from Building V are made up of more or less the same
types as those from Building I, but with fewer objects in total. Only 32 ground stone tools
were found here. Grinding stones and hammer stones again clearly dominate the assemblage,
each comprising 40 to 50 % of all ground stone tools (Figure 12 top). In addition, one
polishing stone and two boulder mortars were found. The spatial distribution of the ground
stone tools reveals no distinct patterning (Figure 12 bottom).

3.2.1. Grinding stones

Similar to the sixteen grinding stones from Building I, most from Building V were found
fragmented; in half of them, not more than 25% is preserved. No complete examples were
found. Comparable to the grinding stones from Building I, they all feature only one worked
surface and have predominantly concave longitudinal and convex transverse sections (Figure
13). As far as preserved, the grinding stones have a width between 124 and 245 mm and a
height between 39 to 90 mm. No complete length could be determined.
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Figure 10. Hammer stones from Building I.
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Figure 11. Polishing stones from Building I.

3.2.2. Hammer stones

The twelve hammer stones from Building V are also very similar to those of Building I.
They are cylindrical or roughly spherical in shape, fit well into the palm of the hand and
feature variable numbers of worked surfaces, whose character differs by the degree of
intensity and force by which they were worked (Figure 14). Nearly all of them were found
complete with diameters from 40 to 81 mm and a weight between 186 to 530 g. Thus, they are

on average slightly heavier than those from Building I.
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3.2.3. Mortars

Interesting are the two boulder mortars, one fragmented and the other one complete. The
fragment shows a 9 cm deep depression. No other modification of the stone except that of the
use-surface is visible. The other mortar was found cut into one of the huge stone blocks
measuring 180 x 80 x 50 cm, which was used in the external wall of the tower (Figure 15).
This is probably an indicator that this mortar was only added after the building fell out of use.
At the top, the depression of this mortar has a diameter of 25 cm, from which it narrows down
to a diameter of approximately 5 cm at the bottom. It is 20 cm deep.
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Figure 13. Grinding stones from Building V.

3.3. Building IV

Building IV featured very few ground stone tools. No grinding stones or hammer stones
were found during the pedestrian surface survey and no excavations have been conducted
here. There are, however, two mortars and two large stones with a number of cup-marks or
dimples that can be interpreted as anvils. The two mortars were found cut into collapsed
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stones from the walls of Building 1V, clearly shifted into a tertiary position as they were
upside down.
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Figure 14. Hammer stones from Building V.
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o

Figure 15. Mortar in the external wall of Building V.

The two large stones with multiple small cup-marks were found on two stones collapsed
from the external walls of Building IV and thus dating later than the original use of the
building in the 3 millennium BCE (Figure 16). Possibly they are related to the petroglyphs
described above. They could have functioned as platform used in conjunction with percussion
tools. However, it has also been suggested that they are not anvils, but represent a gaming
board for a game comparable to the Royal Game of Ur (Fossati 2015 (unpublished)).

4. Ground stone assemblages from other Early Bronze Age sites in Eastern Arabia

Comparing the ground stone tool assemblage from the copper production sites of Al-
Khashbah with other 3 millennium BCE sites in Eastern Arabia is challenging as very few
assemblages have been published. A good number of 3" millennium BCE ground stone tools
from sites in Eastern Arabia were found in tombs, among them those of the necropolis of Bat
(Béhme & Ali Al-Sabri 2011: 148) and Umm an-Nar Island (Frifelt 1991: 104-111). In the
Near East and Arabia in general, the presence of ground stone tools in tombs has also been
noticed and interpreted as remains of feasting, in which they were used for food preparation
(Ebeling 2002: 149), or other burial rituals (Rosenberg & Nadel 2014), the buried individual’s
personal property (Ebeling 2002: 150) or status objects (Rosenberg & Nadel 2014) that
accompanied her or him into the netherworld, or “implements bearing significant symbolic
meanings pertaining to the production of food and the transformation of substances from one
state to another” (Rosenberg & Nadel 2014: 788).
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Figure 16. Large stones with multiple small cup-marks from Building IV.

3" millennium BCE ground stone assemblages from non-funerary contexts in Eastern
Arabia are known amongst others from the settlements of Umm an-Nar Island (Frifelt 1995),
Tell Abraqg (Potts 1991: 30-32), Hili (Cleuziou 1989: 73), Maysar (Weisgerber 1980; 1981),
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and the towers at Bat (Costa 2016). At Bat, 81.9% of the assemblage are grinding stones
(Costa 2016: 254). Many of them seem to have been reused as building materials in the stone
walls of the towers (Costa 2016: 255), although a large variety of functions for the ground
stone tools have been suggested, including processing edible substances such as plant foods as
well as for copper ore and slag processing (Costa 2016: 256). For the coastal site of Tell
Abrag, hammer stones found there are interpreted as mainly being used for cracking and
opening shells (Potts 1991: 99). At Bat Tomb 401, the excavators could identify hammer
stones found on the surface surrounding the tomb that were used in the trimming of the facade
stones for the tomb (Bbhme & Ali Al-Sabri 2011: 119).

A large number of ground stone tools were found at Maysar, many of which were in an
ancient well (Weisgerber 1980: 83 Abb. 35-36, 85). They include upper and lower grinding
stones, hammer stones, as well as whetstones. In other parts of the settlement large stones that
might have been used as anvils were identified, some of them in association with slag, copper
fragments and charcoal and often accompanied by hammer stones (Weisgerber 1980: 88;
1981: 192-193, 195 Abb. 19). Maysar is clearly a site of intensive copper working dating to
the end of the 3" millennium BCE evidenced by the large quantities of slag, furnace
fragments and other copper production waste, as well as copper ingots. Concerning the
grinding stones, which are manufactured from gabbro, the excavator Gerd Weisgerber states
that as none of them had been found in an undisturbed context, it is not clear whether they
were used for grinding cereals or breaking up copper (Weisgerber 1981: 197). There is
evidence that the ground stone tools from Maysar were fashioned with the help of copper
tools such as chisels (Weisgerber 1981: 197, 198 Abb. 22).

Several grinding stones are reported from the settlement of Umm an-Nar Island, as well
as one mortar and a few runners. They are thought to have predominantly been used for
grinding grain (Frifelt 1995: 200-204). The large number of hammer stones found on Umm
an-Nar Island, especially in the workshop quarter, are interpreted as being used in copper
production (Frifelt 1995: 209-210). By comparing them to those from Al-Maysar, Frifelt
especially regards those with large central depressions as being used in crushing copper ore.
At Zahra and Wadi Fizh, two 3 millennium BCE settlements with clear evidence of copper
working on the Batinah coast of Oman, several hammer stones were also found (Costa &
Wilkinson 1987: 97-98, 105; Weisgerber 1987: 148).

5. Discussion and comparisons

When comparing the ground stone tool assemblages from the different buildings at Al-
Khashbah, the many similarities between Building | and Building V, as well as the striking
difference between those two buildings and Building 1V, i.e., the general lack of ground stone
tools, becomes clearly visible (Figure 17). At Building Il, which is another monumental stone
tower investigated by the University of Tubingen at Al-Khashbah (Figure 2), no ground stone
tools were found as well. Building | and Building V date to the very beginning of the 3™
millennium BCE, in the Hafit period, while Building Il and Building 1V date to the second
half of the 3" millennium BCE, which is the Umm an-Nar period. The more striking
difference beyond this chronological division is, however, the presence of waste products
from copper production. At Building | and Building V, large quantities of slag, furnace
fragments and prills were found, all indicating intensive and large-scale copper production.
Building Il and Building IV have no or nearly no evidence of metallurgy. Therefore, it is most
plausible to see the ground stone tools as used within the operational procedures of copper
processing as it has been demonstrated for other metal-processing sites.
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Figure 17: Comparison of the ground stone tool assemblages from Building I, II, IV, and V.

It has been suggested by various scholars that not just pounders and anvils, but also
grinding stones and mortars, played a role in pounding, grinding and crushing slag and copper
ore as part of the beneficiation process or in order to free all entrapped copper prills that were
not separated from the slag during the smelting process (Doumas 2011: 166; Greener & Ben-
Yosef 2016: 211-216; Levy et al. 2016: 333; Vardi et al. 2008: 18; Webb 2015: 31). The
hardness of the raw material, ratio of tools involved in percussive versus abrasive tasks, the
reuse of any available heavy stone for percussive or crushing activities, and the lack of
tribochemical wear on grinding equipment has been claimed to be a hallmark for
differentiation between industrial ground stone assemblages associated with metallurgy and
domestic assemblages (Greener & Ben-Yosef 2016: 210; Levy et al. 2016: 332; Webb 2015:
34). Ethnographic parallels from modern India demonstrate the crushing of copper production
waste prior to re-smelting with a range of different pounding and grinding tools (Levy et al.
2008: 83-95). Therefore, the connection between the grinding stone assemblages from
Building | and Building V at Al-Khashbah with the metal production identified by the
different waste products at both sites is highly plausible. For Building I, it should be pointed
out that it is also very plausible that at least some of the percussive tools found were used for
flint knapping and not copper processing. Large quantities of flint debris, cores and debitage
were found at the site.

In addition, the high fragmentation of grinding stones present in the assemblages of
Building I and Building V is interpreted, as at other metal working sites, as an indicator for
their reuse as heavy crushing tools (Webb 2015: 24). Other Near Eastern sites such as
Catalhoyik, however, could demonstrate that grinding stones were deliberately broken,
probably as part of house abandonment rituals (see also Adams 2008; Wright 2013: 380).
Further, a large number of ground stone tools at Al-Khashbah were found in secondary or
tertiary contexts, often reused in stone walls. Although it has been claimed that in those
instances ground stone tools are not to be merely perceived as building materials but have
symbolic significance related to their social and economic worth (Rosenberg 2013), such find
contexts make the functional interpretation of a ground stone assemblage difficult and limit
our possibilities for understanding the type of activities taking place in the towers.

Comparing the ground stone tool assemblage from Al-Khashbah with contemporaneous
sites from Eastern Arabia is difficult as few assemblages have been published. Nevertheless,
the overall variety of types seems to be rather homogeneous and at least some of the sites like
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Umm an-Nar Island and Maysar provide clear evidence for ground stone tools used in copper
processing.

6. Conclusions

The ground stone tool assemblages from the 3 millennium BCE site of Al-Khashbah are
associated with monumental stone or mud-brick buildings, the so-called towers of the early
3" millennium BCE, i.e., the Hafit period. Plenty other evidence for copper processing is
present in these towers, and nearly completely absent from the towers of the second half of
the 3@ millennium BCE, the Umm an-Nar period. This indicates a change in the activities
taking place at the towers from one period to the other. While the use of ground stone tools in
metal processing activities has been clearly demonstrated at sites in other regions of the
world, comparisons of the ground stone tool assemblage from Al-Khashbah with other
contemporaneous sites in Eastern Arabia are less informative. Only some sites like Umm an-
Nar Island and Maysar provide evidence for ground stone tools used in copper processing
activities, while at many other sites they were found in tombs. This situation is however, more
likely due to the current state of research and publication rather than a real absence of ground
stone tools. Nevertheless, the ground stone tools assemblage from Al-Khashbah provides a
valuable insight into economic changes at the site.
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