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Abstract:

The manufacture of ground stone tools has long been a topic of interest for archaeologists.
Ground stone tools made of specific stone types (e.g., limestone, basalt, granite) have been
investigated with regards to the technology chosen by craftsmen, the manufacturing process, working
tools and tool mark analysis. Here, we present the results of an experimental study of the manufacture
of a basalt mortar. In particular, the strategy we adopted in designing this study was to present a
method for producing a basalt mortar by pecking and abrading with basalt tools. The study was
designed and conducted by A. Squitieri and D. Eitam, while the mortar was made by the sculptor D.
Yassur. The goals of our experiment were to observe and document the choices made by the sculptor
in creating the mortar, starting from the selection of a basalt cobblestone as the raw material, the tools
(made from basalt) he used and the ways he used them. We detected practical problems the sculptor
had to overcome during the process, the amount of debitage, and the nature of tool marks in the mortar
cavity after the manufacturing process. We documented the entirety of the experiment through
photographs and videos. Our experimental production using the expertise of a professional sculpture
and his thorough knowledge of basalt offers a better understanding of basalt artefact manufacture, the
physical properties of the raw material and the interaction between basalt tools and basalt raw
material.
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1. Introduction

The category of ground stone tools encompasses a wide range of artefacts (e.g., pestles,
querns, handstones) whose manufacturing techniques include not only the creation of the
form through grinding (as the term “ground stone” indicates) but also a number of other
techniques, such as flaking, pecking, and drilling (Wright 1992: 53).

Previous investigations into ground stone tool manufacturing techniques have been
carried out mainly through experiments (e.g., Treganza & Valdivia 1955; Cerutti 1986;
Huckell 1986: 36-40; Levanthal & Seltz 1989; Schneider 1993: 310-42; 1996; Buonasera
2015) and ethnographic observations (e.g., Aschmann 1949; Cook 1973; Hayden 1987: 8-48).
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In this paper, we will use an experimental approach in the study of ground stone tool
production techniques to better understand this technology, as this approach is helpful in
identifying some of the problems ancient craftsmen had to overcome during manufacture, and
provides a benchmark from which to interpret the archaeological materials from a
technological point of view (for general discussion on experimental archaeology, see e.g.,
Malina 1983; Forrest 2008).

In particular, the strategy we adopted in designing this study was to present a method for
producing a basalt mortar by pecking and abrading with basalt tools. We do not claim that this
specific method used by sculpture D. Yassur is the same method that ancient craftsman used
during a particular period since the exact circumstances in which ancient craftsmen worked,
as well as the techniques they used, are in most cases unknown. However, we think that the
basic manner of production was very similar. Our experimental production using the expertise
of a professional sculpture and his thorough knowledge of basalt offers a better understanding
of basalt artefact manufacture, the physical properties of the raw material and the interaction
between basalt tools and basalt raw material.

D. Yassur's method of making a basalt mortar by coarse and fine pecking, and abrading,
is one possible way of mortar manufacture, a method which has been documented
archaeologically, for example at the Neolithic site of Sha’ar Hagolan, in northern Israel
(Rosenberg & Garfinkel 2015). Another method of producing mortars, which has been
archaeologically documented and experimentally replicated by Bryan (1961), and Schneider
& Osborne (1996), involves isolating a part of the natural cobble by hollowing out a groove
around it and then detaching this part by means of percussive blows. Another technique for
removal of a portion of the cobble is percussion flaking, which also was documented in
ethnographic studies, typically during the initial stage of ground stone tool manufacture prior
to reducing the cobble to shape by pecking (e.g., Hayden 1987: 31-35).

Before going into the details of the experiment, we must stress that understanding how
ground stone tools were made can be useful to gain insight on some aspects of ancient
societies. One theoretical framework which can be used is the “chaine opératoire”, typically
applied to pottery production (Lemonnier 1992: 25-50; Roux 2010: 4). The chaine opératoire
framework not only aims to reconstruct the stages of production through which the craftsman
transforms a block of raw material into a finished object, but it also aims to identify those
variations (both intra- and inter-cultural) in the manufacturing process, which could be linked
to the raw material’s properties, cultural factors (for example, the craftsman’s training,
knowledge transmission, the craftsman’s role in the society), and traditions defining particular
social groups (e.g., gender, ethnicity, social class) or regions. This can also help identify
technological innovations and their spread. The study of the chaine opératoire and the
comparison of chaine opératoires from different periods and cultural milieu can, therefore,
provide a bridge between ancient technology and social organisation and at the same time can
help identify those cross-cultural aspects of the ancient technology that could be linked to the
raw material’s properties. It is this last aspect that forms the basis of the experimental
approach in this paper.

2. Research questions and description of the experiment

Our experiment took place in December 2013 in Israel, where we had the opportunity to
observe D. Yassur, a sculptor specialised in working with basalt, produce a small basalt
mortar. The experiment was designed to replicate a basalt mortar with a shape corresponding
to Wright’s pebble-mortar (Wright 1992: 66, no. 15), Adams’ rock-mortar (Adams 2001:
128), or Eitam’s cupmark (Eitam 2009). Drawings of this type of mortar were shown to the
sculptor before the experiment. This type of mortar has a worked, bowl-shaped cavity in an
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unworked cobblestone. This is a common shape in the ground stone tool repertoire of many
ancient societies, in both the Old and New Worlds, as this type of tool was commonly
involved in food and other material processing (like minerals; e.g., Schneider 1993: 5;
Ebeling & Rowan 2004) and as a container for various materials (e.g., Eitam et al. 2015: fig.
2: E-F). As for the raw material, vesicular (porous) basalt was used for this experiment, as this
raw material was often used in the past to manufacture ground stone tools (wherever it was
available). The hardness (Mohs scale 7) and resistance to stress of vesicular basalt make it
highly durable in various activities involving grinding, pounding or rubbing (Speth 1972:
table 1; Wright 1992: 54). The working tools used in our experiment to manufacture the
mortar were two tools in non-porous basalt, both with an oblong shape, which will be
described below.

The questions we wanted to answer through this experiment were:
» What are the techniques chosen by the sculptor to make the mortar?
* How long does the entire process take?
» What are the effects on both the mortar and the working tools that take place during the

manufacturing process?

» What tools are used during the different stages of manufacture?

The entire process was documented with photographs and videos; the sculptor’s
comments were also recorded to help interpretation. The production stages are described
below:

Choice of suitable cobble

A porous basalt cobble was collected from surface by the sculptor, which had a
maximum diameter of about 35 cm (Figure 1). It had an irregular rounded shape, with one
flattish surface (indicating possible water erosion) that could offer a surface suitable for the
cavity. The working surface had not been prepared by flaking.

Choice of working tools

The sculptor chose to work with two oblong tools collected from surface, made of non-
porous basalt. Both had a length of about 20 cm, one had a wide blunt point (Figure 1),
whereas the other had a wide sharper point, very similar to a chisel point.

Rough and fine pecking

The sculptor placed the cobble on the ground to better absorb the force of the blow, and
began work with the blunt-point tool on the natural flattish surface by pecking. Pecking was
done by holding the tool in a slightly oblique position (Figure 2). During the pecking, we
noticed a lot of grit and chips being generated. Notably, the tool itself was producing such grit
and chips in a discreet quantity. During this phase, the sculptor frequently rotated the object to
better reach all the areas of the working surface.

The working-tool tip became sharper and sharper during this phase, which made it more
effective and allowed more chips to be detached from the object. It was interesting to note
that the oblique pecking was not constant throughout this phase. The sculptor was, from time
to time, moving the tool to an upright position, to perform what we refer to as ‘fine pecking’.
Fine pecking allowed the sculptor to eliminate the sharp edges produced on the working
surface by the oblique pecking, making the surface as flat as possible.
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Figure 1. The rounded cobblestone before the cavity was made. Thesculptor has he first type of working tool
(with a blunt wide point) in his hand.

Figure 2. Pecking the surface of the cobblestone using a non-porous basalt tool.
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Defining the edge of the cavity

Once the surface was flat enough, the sculptor concentrated on the area where he
intended to make the shallow cavity; he used the same tool as the previous steps. By holding
the tool in a slightly oblique position, David started to work on the interior of the edge of the
intended cavity. The blows became more intense and concentrated, and the object was
frequently rotated. A shallow depression then became visible (Figure 3). At this point, the
sculptor had to rest for about 15 minutes.

iy,

Figure 3. The shallow city becoming visible aftr rough and fine pecking.

Deepening the cavity

With the shallow depression visible, the sculptor switched tools, using the second tool
with the sharp, chisel-shaped tip (Figure 4). He then started to peck holding the tool obliquely
inside the shallow cavity. This tool was very effective. Greater amounts of powder and small
chips were detached this time, and also the noise generated by the contact of the tool and the
object changed to a metallic sound. As before, the working tool itself became greatly chipped
during the use. So much powder was produced during this phase that the object being worked
was, from time to time, turned over to clear the powder from the working surface.

Once the cavity was made, the sculptor switched back to the first working tool. This
time, he used the other end, which had not been used before, and started to finely peck inside
the cavity; David held the tool vertically. In this way, he eliminated the sharp edges left
behind from the blows of the second, sharper tool. He also better defined the rim by pecking
on its surface. At this point, he also used the same tool to smooth the rim and the interior
cavity walls. After this process, the sculptor used a water and basalt powder mixture (using
the powder discarded earlier, see Figure 5), using the tool on its lateral side to rub one side of
the cavity, thus making it highly polished. Water, the sculptor said, helped to mix the powder
as well as to decrease friction, giving a better final result.
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Figure 4. The second working tool with its wide sharp tip.

Ending

At the end of the process, the cobble was cut using a power saw to separate the cavity
(Figure 6). We cut the cobble, leaving the cavity untouched; in order to enable further
analysis under binocular microscope and SEM. Such microscopic observations of the tool
marks left on the experimental mortar can potentially provide useful insights if compared with
similar analyses conducted on unfinished ground stone tools available in the archaeological
record.

The manufacturing process took roughly 2 hours with a 15 minute break during which
the sculptor rested his arm. Table 1 summarises the quantitative data of this experiment.

3. Results and conclusions

The first step of the mortar manufacture, the collection of a suitable cobblestone from the
ground, may have also been an option for ancient craftsmen as water-worn cobblestones are
ready to use, save the time necessary to quarry a block, and may already display a suitable
working surface made flattish by water action. The craftsman simply had to choose a
cobblestone that was close enough to the final product shape and size in order to save time
and energy. If no such cobblestones were available, they could quarry the necessary raw
material. Some ethnographic evidence also shows that the practice of surface collection
occurs in more recent times (Hayden 1987: 21-2).

The blunt- and sharp-pointed working tools made of non-porous basalt that the sculptor
employed during the experiment proved to be effective for working the basalt and creating the
cavity; similar tools must have been adopted by craftsmen who only had access to stone tools.
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Figure 6. The mortar’s cavity after being cut from the cobble at the end of the process.
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Table 1. Results of our experiment for the replication of a basalt mortar.

Cavity Cavity Blows Volume
diameter maximum Cavity per removed per
(cm) depth (cm) capacity (cm®)  Total time (h) hour hour (cm?®)
7.5 3.0 Ca. 30 1.75 (excluding 7,800 17.1
(measured the 15 minute
with sand) break)

An important observation is that both the working tools and the mortar itself lost much
grit and powder and many small chips were made during the process. This suggests the
possibility that in the past there was a high rate of working tool discard because of breakage
or because the working tools had become less effective after losing the appropriate working
edges. A similar phenomenon was observed in both Schneider’s (1993: 329) and Levanthal &
Seltz’s (1989) experiments. The fact that so much debris resulted from the manufacturing
process also leads to the hypothesis that the preferred place for manufacturing such objects
was in open air areas, which wouldn’t have required cleaning. Moreover, the place of
manufacture may also have been near the spot where the raw material was collected.

Interestingly, macroscopic observation of the mortar’s cavity at the end of the process
revealed that the tool marks left were not as obvious as we expected. Figure 7 shows the
interior of the cavity where it was not polished. Tool marks are not very visible: the cavity
surface looks corrugated but no clear marks can be discerned. Because this is a modern,
unused experimental object, we can rule out the possibility that tools marks were smoothed
through use, as can happen with older materials that were used over long periods of time.
Hence, to explain the low visibility of tool marks, it can be suggested that the wide blunt point
of the working tool and the combination of both rough and fine pecking may have had the
effect of eliminating any marks, levelling the surface as it was being worked.

Figure 7. Close-up of the unpolished cavity side.
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It would be interesting to reproduce this experiment by using metal tools instead of stone
tools in order to see if the former leave more visible marks on basalt, and what these may look
like. In this respect, a close comparison between our experimental mortar and unfinished
basalt vessels and ground stone tools known archaeologically, most notably the unfinished
vessels from the Iron Age workshop at Hazor, in northern Israel (see Ebeling & Rosenberg
2016; Gluhak et al. 2016) would prove highly useful since it would help to better interpret the
tool marks visible on the archaeological material. Such a comparison may help us understand
whether the tools marks known archaeologically are compatible with the tools and techniques
we used in our experiment, or point to different tools and techniques.

After the cavity was opened, one side of it was polished by rubbing, adding water mixed
with basalt powder. Though the cavity’s rough surface is beneficial if the mortar is to be used
to grind or pound other substances (e.g., food, see Wright 1992:72), a smooth and polished
surface may be preferred for vessels used as containers or for special purposes (Figure 8).

Figure 8. Close-up of the cavity side that was polished using the water and basalt powder mixture.

To sum up, the results of this experiment demonstrate that: 1) basalt tools are effective to
work basalt; 2) basalt tools need not be made specifically for stoneworking, provided that
they have a suitably sharp tip; 3) working tools were used for both coarse and fine pecking; 4)
the level of damage endured by the working tools is very high, producing a great deal of
powder and many chips; and 5) basalt tools similar to those used in the experiment will leave
no clearly visible marks on the working surface. We would add that there was a similarity of
the first working tools we used for this experiment to cylindrical pestles; the efficiency of this
tool and the high level of damage it sustained may suggest that some of the numerous broken
pestles found at Natufian sites in the southern Levant might have been involved in the
manufacture of mortars, though more evidence would be needed to support this hypothesis.

Another interesting observation can be offered by comparing our results (summarised in
Table 1) with those of previous similar experiments, shown in Table 2. It can be seen that the
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amount of material (measured in cubic centimetres, hereafter cm®) removed per hour in our
experiment (17.1) is close to those removed per hour in other experiments where granite
ground stone tools were made (17.5 and 16). Sandstone ground stone tools, on the contrary,
lost much more material in the same time period. In terms of hardness, basalt, granite and
sandstone are quite comparable (all the three rank in positions 6-7 in Mohs scale), but it is
likely that the difference in texture between, on one side, basalt and granite (both igneous
rocks), and, on the other side, sandstone (a sedimentary rock), plays a crucial role in causing
the first two rocks wear down more slowly than sandstone. This information can be used to
estimate how many hours it took in the past to make large ground stone tools and rock-cut
utensils, thus enabling researchers to calculate roughly the investment of such a production in
terms of labour requirements and intensity in past societies.

Table 2. Experimental studies replicating ground stone tools. Abbreviations: N/A - not available.

Cavity

capacity Time Blowsper Volume removed
References Material (cm?) (h) hour per hour (cm’)
Buonasera 2015 sandstone 168 3.4 N/A 49.4
Schneider & granite 140 8.0 8400 17.5
Osborne 1996: 35
Leventhal & Seitz granite 275 17.2 2674 16.0
1989
Current paper basalt 30 1.75 7800 17.1

By examining Table 2, another observation emerges concerning the great deal of effort
that went into the hollowing out of the cavity during our experiment. Despite the fact that the
cm® of material removed per hour in our experiment is comparable with the other
experiments, the number of blows per hour observed in our experiment is only slightly lower
than that of Schneider and Osborne’s experiment (Schneider & Osborne 1996: 35), in which a
larger cavity was hollowed out. There may be a number of factors behind this phenomenon
(e.g., different raw materials and working tools used in the respective experiments), but it is
certainly possible to conclude that the pecking technique is an extremely strenuous technique
(see also Osborne’s comments about pecking in Schneider & Osborne 1996: 35). This leads
us to think that a combination of techniques may have been preferred by ancient craftsmen.
The two techniques mentioned in the introduction of this paper, percussion blows applied to
an isolated section of the cobble and percussion flaking, are two possible techniques which, in
combination with pecking, can allow the craftsman to reduce to form a cobble more
efficiently, saving time and energy. In addition to this, the use of metal tools for basalt object
manufacture needs also to be considered, and future experimental studies may be designed to
measure the effectiveness of metal working tools on basalt and compare it to stone working
tools’. It is worth noting that a combination of different techniques applied to ground stone
tools manufacture was observed ethnographically (e.g., Hayden 1987: 25-30).

To conclude, our experiment added data on basalt mortar production. The results of the
experiment can help understanding tool marks visible on unfinished basalt artefacts in the
archaeological record, to evaluate time and energy spent to produce ground stone tools in the
past, and hopefully will stimulate comparable experiments and research in this field.
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