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Chapter 1

Highlights of the Study

The topic

Since 2007 I had the opportunity to participate in the excavations at the Early Neolithic site of
Gobekli Tepe lead by Prof. Dr. Klaus Schmidt. Since 2016 I have been analyzing the finds presented
here.

The main aim of my study was to reconstruct plant food processing at Gbekli Tepe (9600-8000 BC)
with an emphasis on cereals, legumes and herbs as food sources, on grinding and pounding tools
for their processing, the tools implied in the consumption of meals and beverages.

The core of the analysis is constituted by grinding and pounding tools (GPT) and stone containers.
Their corpus amounts to more than 7.000 objects, constituting thus the largest collection published
by now from the Neolithic of Northern Mesopotamia (figures 1.1-1.2).

Excavation work and sampling was funded by the German Research foundation (165831460).
Experimental work was funded by the Gerda Henkel Foundation (Grant number n/a), the German
Archaeological Institute (Grant number n/a) and the Stadtmuseum Berlin Foundation (Grant
number n/a).

Overview of the methods

Functional analyses are the focus of this study. They were conducted partly using classical methods
of use-wear analysis like macroscopical and microscopical optical analyses. The use of tactile
analyses on the other hand is new. Also new are methods to differentiate between products of
cereal processing and meals made of cereals, and quantification methods of wear. Shape and surface
deformations are primarily analyzed and used as parameters for the functional interpretation;
contextual information was used in addition.

Experimental programs, which were designed to follow the characteristics of the finds, were carried
out to secure the analysis. The reference collection is held in Museum Village Diippel, Berlin.

Optical and chemical analyses on residues, particularly phytoliths, sediments and samples from
surfaces and walls of grinding stones and stone vessels were carried out as part of the project. They
support the arguments presented here but are not the basis of the functional interpretation.

Specific content and structure

The core of this study is the analyses of the handstones, pestles, netherstones and stone containers
from Gobekli Tepe presented in chapters 4-7. A short overview on the architecture and stratigraphy,
necessary for the understanding of the contextual discussion is presented in chapter 2.

Next to find analysis, another important pillar of the work is chapter 3 which presents the methods
and experiments in detail.

The study concludes with a discussion in chapter 8 of the results and of their impact on the
interpretation of the site and the wider regions it is situated in from the new points of view
generated by the research. All relevant data are presented in the attached tables and images, both
as text and as plates.
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PLANT FOOD PROCESSING TOOLS AT EARLY NEOLITHIC GOBEKLI TEPE

FIGURE 1.1. The “stone garden” next to the excavation areas at Gébekli Tepe (©German Archaeological
Institute, Photo Mehmet Giilebak). D-DAI-IST-GT16-MG-0070.

FIGURE 1.2. The “stone garden” next to the excavation areas
at Gobekli Tepe, 3D (1) and detail (2) (©German Archaeological
Institute, Photos Laura Dietrich and Hajo Hohler-Brockmann, 3d
Laura Dietrich). DAI-IST-GT17-LD/HHB-0268-0269.
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HIGHLIGHTS OF THE STUDY

Highlights of the study

Surprisingly, the impressive amount of GPT as integral part of the find inventory of Gobekli Tepe
was not analyzed until now and has played no role in the much discussed and partly speculative
interpretation of the site. The main explanation for this research gap is the previous focus of the
research on other topics, including the monumental architecture and its symbolism. The special
character of the site, its unusually large size, expressively male imagery, hunters and hunt as basis
of the subsistence dominated the discourse on Gébekli Tepe. This image changes to some degree
with the present study, which brings into attention an almost unknown economic and social
dimension of the site.

Asecond explanation for the research gap at Gobekli Tepe lies in the character of the objects analyzed
here. Grinding stones, for different reasons, are usually neglected in archaeological analysis. This
study lists and describes several thousands of GPT and stone containers, including metrical data
and photographic illustration of a selection of finds, constituting the most comprehensive study
for Anatolia and the Northern Levant by now. It underlines the importance of the GPT and stone
containers in the interpretation of an archaeological site. Certainly, numerous studies at other sites
will follow and the data presented here can then be used for comparison to investigate foodways
in the wider region.

The functional analysis, which is the core of the study, shows that GPT were widely used at Gobekli
Tepe, predominantly for processing cereals to coarse flour, most probably for the production of
porridge-like meals in large stone containers. Cereals and especially fluid meals made of them
seem to have played an important role in the subsistence at the site. At the same time, bread-like
products were produced, but the number of tools with specific wear markers is significantly smaller
both concerning active and passive parts of the grinding gear. The use-wear analysis methods to
differentiate products of cereals and to measure intensity use were developed especially for this
study.

The processing of legumes to paste seems to have played an important role in the economy of
the site, too. The consumption of legumes has to be investigated through further studies in the
region. Generally, studies on foodways should concentrate more on the tools used for preparation
and consumption than exclusively on preserved macrorests, which for some sites, between them
Gobekli Tepe, are largely missing or do not offer sufficient information on the extent of certain

food habits.

Context analyses help to reconstruct the loci of the processing of plant food, which clearly are
oriented around the well-known monumental buildings of Gobekli Tepe, on terraces and the roofs
of the so-far not much discussed rectangular buildings. Possibly, large-scale food production can
be linked to activities which center in the partly contemporary monumental buildings, including
specific social practices like commensality and feasting, especially when the large quantities of
processed food are taken into account.
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Chapter 2

The Site
with Oliver Dietrich and Jens Notroff

Overview of the site’s architecture (Laura Dietrich and Oliver Dietrich)

Gobekli Tepe is situated high on the Germus mountain range at ca. 770m asl., offering a wide view
over the Harran plain to the south. The mound of reddish soil with a height of about 15m has
a diameter of around 300m and is characterized by several hilltops divided by depressions. It is
surrounded by a limestone plateau, which today mostly shows no sediment cover and very scarce
vegetation. This must also have been the case during the Neolithic, as numerous quarry sites,
cupholes and petroglyphs on the limestone surfaces suggest (Schmidt 2009).

Excavations were begun in 1995 as a cooperation of the Sanlurfa Museum under the direction
of Adnan Misir and the Istanbul Department of the German Archaeological Institute under the
direction of Harald Hauptmann with Klaus Schmidt as principal investigator. He later became the
head of the project and excavated at Gébekli Tepe until his untimely death in 2014. There is an
ample literature on the site comprising excavation reports and synthetic studies (e.g. O. Dietrich
2011; O. Dietrich et al. 2013; O. Dietrich and Schmidt 2010; O. Dietrich and Schmidt in print; Kromer
and Schmidt 1998; Pustovoytov 2002, 2006; Pustovoytov and Taubald 2003; Pustovoytov et al. 2007;
Schmidt 2000, 2008, 2011); of special importance are the monographic summary on work done
until 2007 by the excavator (Schmidt 2012) and the monograph on the architecture of the site
by D. Kurapkat (2015). Here I present only the core information necessary to contextualize the
discussed group of finds. My analysis concentrates on the trenches in the main excavation area
in the southeastern depression and on the southwestern hilltop (for details on the excavations,
architecture and stratigraphy compare FIGURES 2.1 and 2.2). A selection of finds from the
(incompletely) excavated northwestern trenches was analyzed, too. Thus the description below
concerns particularly these areas of the site.

Two types of buildings have been identified at Gébekli Tepe:

1. Round to oval limestone buildings with inner diameters of 10-20 m, which include T-shaped

limestone pillars incorporated into walls conserved to a height of up to 2.5 m (Schmidt
2012). Bench-like structures run along the inner mantles of the walls. The pillars in the
walls stand up to 4 m high and are arranged around two bigger central pillars, reaching 5.5
m. Depictions of arms, hands and clothing on some pillars indicate their anthropomorphic
character; many pillars show reliefs of wild animals and abstract symbols, depictions of
humans are rare (Peters and Schmidt 2004; Schmidt 2012).
Five such buildings have been excavated in the lower-lying areas of the mound (buildings
A-D in the southeastern, building H in the northwestern depression), several more have been
detected by georadar (0. Dietrich et al. 2012). In buildings C and D, the floor level is formed by
the artificially smoothed bedrock. The two central pillars stand in pedestals carved from the
bedrock as well. Building B has an artificial ‘terrazzo’ floor made of burnt lime and limestone
chips; in buildings A and H the floors have not been reached yet. The question of whether
the monumental buildings were roofed is still hard to answer (Kurapkat 2015; Schmidt 2012),
but much speaks in favor of the structures having been partly subterranean with entrances
through the roofs (Kurapkat 2012, 2015). During excavations, these structures were identified
as belonging to an older layer (III) of site occupation (Schmidt 2000, 2011, 2012) dated to the
PPNA (0. Dietrich 2011; O. Dietrich et. al. 2013; Pustovoytov 2006).
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THE SITE WITH OLIVER DIETRICH AND JENS NOTROFF

The buildings are multi-phased and were long-lived (Kurapkat 2015; Piesker 2014). The
general tendency, best observed in building C so far, was to consecutively add new circle
walls inside the buildings, thus making them ever smaller (Kurapkat 2015; Piesker 2014).
Building analysis has highlighted three ring walls for building C (Kurapkat 2015; Piesker
2014). The two outer walls each have three major building phases, the innermost ring has
four. Pillars were taken out of the earlier buildings and re-used in the younger phases. The
intense construction and rebuilding activities indicate that this building could have been
in use not only for several decades, but even centuries (Kurapkat 2015). The large round
buildings have been described as monumental due to their size and also in comparison to
the second type of architecture known from the site.

2. Larger (up to 29 m?) and smaller (up to 5 m?) rectangular buildings with ‘terrazzo’ floors
made of burnt lime and limestone chips. These may have been one-story buildings with
entrances through flat roofs (Kurapkat 2012, 2015). Especially the larger buildings feature up
to 2 m high T-shaped pillars, which are, however, no longer positioned in the center of the
buildings. These larger buildings were also sometimes fitted with benches and platforms.
During excavations, these buildings were identified as belonging to a partially younger
layer which is superimposed on the monumental architecture in some parts of the mound
(Kurapkat 2015; Schmidt 2000, 2011, 2012), but has mainly been exposed on the higher-
lying areas of the site. This layer (originally labelled as layer 1I) was attributed to the early
and middle PPNB (O. Dietrich 2011; Pustovoytov 2006; Schmidt 2012) and has received less
attention so far, aside from reconstructions of the building history (Kurapkat 2015).

D. Kurapkat has shown that the rectangular buildings were constructed immediately next
to each other (Kurapkat 2015). In some cases the buildings even share walls; as a result there
are very few stratigraphical superpositions. Kurapkat views most of the buildings as roughly
contemporaneous. A chronological depth of the rectangular buildings is indicated, however,
by sequences of terrazzo floors within them. Unfortunately, in most cases excavations
stopped at the uppermost floor level. Thus only the last phase of use for many of these
constructions is known. These last phases of use of individual buildings may not belong to
one contemporaneous horizon though.

Changes in iconography can be detected between the monumental round buildings and the
rectangular buildings. Animal depictions are - with few exceptions - absent in the rectangular
rooms, while there are some ‘arms and hands’ motifs. In addition to the animals and symbols
depicted in flat relief, Gobekli Tepe’s buildings have yielded a series of anthropomorphic
and zoomorphic sculptures, which repeat the same types canonically (e.g. wild boar with
large fangs, snarling predators: (0. Dietrich and Schmidt in print). What is absent from both
building types is evidence for hearths or fireplaces. Cooking activities seem to have taken
place outside the buildings, not leaving identifiable remains behind inside the buildings.
Another possibility is that erosion or other processes have destroyed the traces of fire.
Probably the latest construction phases of some of the circular buildings may have been still
in use up to the Early PPNB (O. Dietrich 2011; Kurapkat 2015), while others could already
have been refilled at this point. This would imply that some of the rectangular buildings
could be identified as residential structures contemporary to the late monumental ‘special’
buildings.

The stratigraphy of monumental building D and considerations on the stratigraphy of the
main excavation area (Jens Notroff)

There is evidence for acts of backfilling (or intentional burying) at the end of the use-lives of the
monumental buildings (observed during excavations in the lower levels of refill: Schmidt 2012; 0.
Dietrich and Schmidt in print), which seem to have included the deliberate deposition of material
culture, especially sculptures (Becker et al. 2012, L. Dietrich et.al. 2019). Sections through the filling
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FIGURE 2.1. The archaeological site of GSbekli Tepe. Main excavation area with four monumental circular buildings and
adjacent rectangular buildings (©German Archaeological Institute, Photo Erhan Kiiciik, Graphics André Beuger).
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of building D show a relatively leveled stratum immediately above the floor level (FIGURE 2.2, layer
6), followed by six units that suggest rapid backfilling from the building’s margins towards the
center, resulting in heaped sediments at the walls and a lower thickness in the center (FIGURE 2.2,
layers 7-11). Two intentionally deposited anthropomorphic limestone heads were discovered near
building D’s western central Pillar 31, at the border between units 7 and those below it, further
substantiating the case for intentional backfill (Becker et. al. 2012; L. Dietrich et. al. 2019; Schmidt
2010). The intentional backfilling events were identified as one cause of the bad preservation of
charred plant remains (Neef 2003), which would have been too fragile to withstand the large-scale
relocation of sediments.

It is still not entirely clear where the material for the refilling originated from. There is one
radiocarbon sample of collagen from an animal tooth from the deepest layer (FIGURE 2.2, layer 6)
inside building D (KIA-44701, 9800 +120 14C-BP), resulting in a calibrated age between 9746-8818
cal BC at the 95.4% confidence level (0. Dietrich et. al. 2013). This date has a time-span which is in
concordance with an earlier measurement made on clay mortar from the ring wall between Pillars
41 and 42 (KIA-44149, 9984 + 42 14C-BP, 9745-9314 calBC at the 95.4% confidence level) (O. Dietrich
et. al. 2013), attesting that PPNA materials were part of the sediments used to repair and backfill
the building.

The block of probably intentional backfill is followed by bands of sloped rubble layers, which
indicate slips of sediment from higher-lying parts of the mound into the lower-lying buildings as a
factor in the final sealing of the building (FIGURE 2.2, layers 12-29). Several bands of sediment fill
the building up to the top of the walls still preserved today (FIGURE 2.2, layers 12-24). Further strata
lie above the top of the walls and cover the central pillars (FIGURE 2.2, layers 25-29). Judging from
the height of the probably intentional backfill, we assume that the contours of the buildings and
especially the pillars would have been visible for a longer period of time after the abandonment of
the monumental buildings; this may have also been the case for some of the higher pillars in the
ring wall. Cup marks on the heads of several pillars hint that people continued to engage with the
older structures at the site (Schmidt 2012).

A terrace wall encircles the area in which the monumental buildings lie (Kurapkat 2015; Schmidt
2010). One of the functions of this wall could have been the prevention of further sediment slips into
the monumental buildings. Younger, or in part contemporary, rectangular buildings deliberately
spared the round buildings, forming terraces that lined the depression around them. Access to the
circular buildings was possible by a stairway included in the terrace wall. It is thus possible that
the wall was built when some of the monumental buildings were still in use, i.e. during the period
of overlap between round and rectangular buildings.

Site formation processes included phases of rapid accumulation interchanging with periods of
inaction and humus formation, as a pedological analysis revealed (Pustovoytov 2006). One humus
layer with a thickness of 20 cm is located at a depth of 1.5 m, superposing layer Il above building D in
the northern bulk of excavation area L9-68 (Pustovoytov 2006). A radiocarbon date from this layer
revealed an age of 8860+/-60 BP, giving a calibrated interval of 8240-7780 cal BC (95.4% probability)
for the last PPN activities at Gobekli Tepe (0. Dietrich 2011; Pustovoytov 2006). Layer I is the label
for the surface soil. The division into “layers I1l and II” was based not only on architectural change.
There are some spots where “layers II and 111" clearly overlap stratigraphically (Kurapkat 2015;
Schmidt 2012). An inner division of the architectural phases is in progress (Kinzel and Clare 2020)
but the correlation with the building infills seems however not feasible (Notroff in print).

The general distinction between three large stratigraphic ‘blocks’ (see also FIGURE 2.2. below)
therefore can be maintained as a tool for general orientation. These blocks span significant periods
of time and, as explained above, incorporate many phases of construction, reconstruction and
refilling. Whereas building phases have been analyzed for the large monumental buildings and some
of the rectangular structures (Kurapkat 2015; Piesker 2014), work on the stratigraphy continues
and will ultimately lead to a much higher resolution of activities at the site. One recent insight
regards evidence of the presence of yet another building type: simple C-shaped or oval to round
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structures, sometimes subdivided by a wall, without other standardized interior fittings. These
buildings have been addressed as a fourth layer in some reports (Schmidt 2011); in one excavation
area (L9-59) there is a stratigraphic sequence of lower-lying oval structures and superimposed
rectangular buildings. The small round buildings may thus be older than, or contemporary to, the
monumental structures. As the exact chronology of these structures is still uncertain, I excluded
them from the analysis.
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Chapter 3

Methods, Experiments and their Results

Methods and experiments

This chapter outlines the principal methods of the analysis applied in this study as well as the
comparisons, references and background information on which the interpretation of the results
is based. Work on the finds from Gobekli Tepe was carried out starting from the project database
combined with the (preliminary) stratigraphical evaluation of the site (chapter 2) as it was
presented by Klaus Schmidt (2012), Oliver Dietrich (0. Dietrich, Schmidt in print) and Jens Notroff
(0. Dietrich, Schmidt in print). The results will be discussed separately:

Documentation and contextual analyses

Functional studies including use-wear and tactile analyses
Experimental programs

Characterization of the rock textures

Residues analyses and macrorests, carried out either as part of this projects or of the general excavation
project.

Documentation and contextual analyses

Documentation. The database of the project (created by Klaus Schmidt, Cigdem Koksal-Schmidt,
Oliver Dietrich, Jens Notroff, Thomas Urban, André Beuger and other members of the research
team until 2014) constitutes the basis of this analyses. All finds including grinding and pounding
tools (GPT) and vessels were consecutively described during the excavation seasons, with
information on the contexts, types and dimensions of the finds. Roughly 80% (own assessment
during documentation work) of the GPT and stone vessels were registered compared to the amount
of material in the find storage rooms in the excavation house, the stone garden (= on-site open-air
depository for larger finds, FIGURES 1.1 and 1.2) and the finds stored in the museum of Sanliurfa.
The database contains 10.180 finds (GTP and stone vessels).

The documentation apart from the database included sketches, drawings and, more rarely, photos
of the finds as well as descriptions, dimensions and related context information. The database
is comprehensive regarding information on find contexts but was not intended to be used in
functional studies. Rather, it constitutes a record of finds to form the basis of further studies of
single find categories and was intended and used especially for contextual analyses. A detailed re-
examination of the existing data including description and measuring of the finds and corrections
of older information was performed by me between 2016 and 2019 in Urfa and at Gobekli Tepe.
The resulting database is available in the form of tables in the appendices. The documentation
includes photographic recording of all finds instead of sketches; the photographic representation
of selected finds can be found on the plates.

Contextual analyses

For the stratigraphical description of the site see chapter 2. The contextual analyses comprised
chronological/stratigraphical evaluation and observation of spatial patterns in the distribution of
the GPT. The grinding stones from the uppermost layer (“layer 1” in the older terminology) were
classified as undiagnostic for chronological and spatial analysis.
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Zones of the room fillings (“layer I1”)

Zone 1: plough horizon

Zone 2: upper and middle parts of the room filling

Zone 3: lower part of the filling up to 10 cm above the floor

Zone 4: on the floor

Zone 5: niche on the floor

Zone 6: wall

Zone 7: area outside of the rooms

TABLE 3.1. Zones of the filling of the rectangular and
apsidal buildings as defined for the statistical purposes
of the present study.

All finds from the rectangular and apsidal buildings (“layer 11" in the older terminology) were
analyzed together without further chronological differentiation (L. Dietrich et. al. 2019; Kurapkat
2015). To facilitate research on the spatial distribution of GPT, the built spaces of “layer II” were
subdivided into seven zones (TABLE 3.1). Finds on and immediately above floor levels of the
rectangular buildings or on floor levels of niches in the buildings (zones 3-5) are considered in situ;
however, the archaeological and the detailed stratigraphical analysis of the “loci” (units) were not
finished yet at the moment of this publication. The origins of the sediment depositions have not
been analyzed in detail. For all zones, including the infill (zone 2) and spaces between buildings
(zone 7), dynamic and secondary formation processes have to be considered. Also, these will have
to be analyzed in the future. Zone 6 refers to grinding stones used in secondary contexts as wall
stones; zone 1 is the disturbed uppermost part of the buildings” fillings and the plough horizon.

The finds of the monumental buildings partially represent dislocated material from the rectangular
buildings surrounding them. The distribution of the GPT and the vessels in monumental building
D was selected as a case study for the older structures, as the other circular buildings are either
partly disturbed by post-Neolithic activities (C and H) or incompletely excavated (A and B). The
biography of building D is complex (chapter 2). The completely excavated ring wall with 11 pillars
in situ and two central pillars very likely represents the last stage of a long building history.
Kurapkat observed traces of a second, older ring wall to the south of the inner wall (Kurapkat 2015)
and a deep sounding immediately to the north of the building revealed a segment of the same wall
(Schmidt 2008). The finds and their contexts mirror the last use-phase of the building.

Given this complex stratigraphy (chapter 2), comprising a partly intentional backfilling of the
building (FIGURE 2.2, layers 6-11) and the subsequent complete refill through erosion from higher-
lying parts of the mound (FIGURE 2.2, layers 12-24), followed by five further sloped layers that
completely covered the building (FIGURE 2.2, layers 25-29), I analyzed the distribution separately
for these three zones. The results are presented in the chapters 4, 5, 6 and 7.

Methods of functional analyses

3D-documentation was chosen to perform geometrical analysis of shapes on 100 selected finds
(either “representative” types for shapes and wear or completely preserved finds). The analysis
of shapes is important for the functional determination as shapes change through use, and for the
typological classification and comparison with other sites (for example K. Wright 1992 with her
typology of Neolithic grinding stones from Southern Levant).

3D-data were acquired from the surfaces with a Canon Eos M50 camera to perform close-range
photogrammetry. Each object was photographed on a turntable spinning 6 x 360° (shooting each
15°) and side-flipped after three rounds (totaling 144 shots per object). 3D-models in normal and
high geometrical resolution were prepared with the photogrammetry software RealityCapture
(2020) and Photoscan. Through the removal of the color texture the geometry of the surface can be
visualized and flat and rough zones can be optically differentiated. Based on the visualization and
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on tactile analyses (chapter 4) relevant zones with different geometry were further analyzed with
the microscope to determine typical wear markers.

On two pieces, one original and one experimental replica, surface topographies were measured
and quantified as described in L. Dietrich and Haibt (2020). The aim of this research was to develop
amethod to calculate use intensity and use-lives based on the data from the experimental program
(see below). The topographies of the working faces of Neolithic handstones and replicas were
analyzed using the software CloudCompare, which provides a basic but efficient tool to compute
the roughness of point clouds (CloudCompare 2019). “Rough” as well as “smooth” zones can
be differentiated. The estimation is based on the computation of the best fitting plane and of a
“roughness” value which is equal to the distance between each single point and the best fitting
plane computed on its nearest neighbors (L. Dietrich and Haibt 2020). Deformations of surfaces
of the experimental handstones were investigated by calculating distances from cloud to cloud of
different stages of use of the same handstone (see L. Dietrich and Haibt 2020) to detect geometrical
changes of the topography and erosion. This investigation is suitable to determine use intensities
(L. Dietrich and Haibt 2020; see below results) but also time consuming as each wear stage has to
be modelled, then measured, then aligned perfectly. Thus, this method can only be applied on a
limited number of pieces. For the present study, the most worn handstone was chosen with the aim
to extend the results on the less worn pieces as outlined in L. Dietrich and Haibt (2020) and in the
results section.

Optical macro- and microscopic investigations of surface deformations are standard in traceology
and functional studies. That surfaces change their shapes as a result of use through grinding or
pounding and get “deformed” and that different materials would leave different traces is the
main premise in use-wear studies as originally proposed by Semenov (1964). This assumption is
also basic to the current functional discussion (summarized by Dubreuil 2002; Dubreuil et al. 2015;
Marreiros et al. 2015). Use-wear analysis has a long tradition in archaeology, and at the moment
numerous methodological agendas compete, including the application of high-tech microscopy for
the detection of traces on surfaces (summarized in Marreiros et al. 2015). Initially, the methodology
was based on experimental use, observation and classification of the formation of wear on replicas,
which was then compared to archaeological objects (Semenov 1964). In the particular case of the
grinding stones, today a solid basis for such studies exists, including a classificatory system for
use-wear traces (Adams 2002, 2014; Adams et al. 2009), numerous detailed experimental programs
as well as the description of methods of observation and documentation (summarized by Dubreuil
et al. 2015). Still in an early stage is however the application of quantification methods - meaning
the measuring of data sets. There are some detailed studies on the formation of polish (Bofill et al.
2013) and roughness (Bofill 2012; Bofill et al. 2013; Suehrcke 2018; Zupancich et al. 2019), for the use
of confocal microscopy, photogrammetry and GIS for quantification of use-wear, but most other
functional studies are rather descriptive. One of the causes is the heterogenic character of the data
to be measured, as several variables, including besides the raw materials and its properties also the
worked materials and the motions, can affect the formation of use-wear decisively.

Functional interpretations have been based rather on the premise that different physical alterations
of the surface are caused by the choice of worked materials or by different crushing technologies
(summarized by Dubreuil et al. 2015), than on the assumption that different end products of the
same processed materials could be the cause of distinct wear. Also, although the importance of
kinetics as a factor in wear formation is well recognized (Dubreuil et al. 2015), with a few exceptions
(Adams 2002; Stroulia et al. 2017) the active use of kinetics, as proposed in the present study, in the
quantification of wear is usually neglected.

Macro- and microscopically visible deformations of the working faces, which are essential for the
identification of wear were described and classified following the criteria proposed by Adams (et
al. 2009; Adams 2014), specifically a rough quantification of the linear traces, polish, levelling and
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Tactile
Handstone | Topography | Linear traces Polish Levelling Fractures [ —
investigations
Find Nr. Flat Gouges Highly Loose Pits Rough

Sinuous Striations reflective Concentrated | Breakage Smooth
Rugged Moderately Covering Very smooth

Curved reflective
Regular Straight Dull Loose
Irregular Concentrated

Parallel Loose Covering
<25% Erratic Concentrated
<50% Concentric, Covering
<75% Oblique
<100% Perpendicular. | <25%

<50%

Single <75%

Multiple <100%

Network

<25%

<50%

<75%

<100%

TABLE 3.2. Description schema for optical macroscopical and microscopical investigations.

fractures and descriptions of the macro- and microtopography and of their profiles (TABLE 3.2).
The microscopical research was carried out with a light stereomicroscope (Bresser) at low (up to
40x) and high (up to 160x) magnifications as described by Adams (2014) and Dubreuil (2002) on
73 selected finds (appendices TABLE 1) and experimentally used replicas (appendices TABLE 3.1b
and 3.1.d). Microphotographs were taken with a microcam with Sony® IMX226 Sensor. The spatial
distribution was analyzed as described in FIGURE 3.1.

Tactile analyses were carried out on all handstones (TABLE 3.2, chapter 4 and the appendices TABLES
1-10) as they are relevant for the functional determination. For the present study I used a mixed
tactile and optical analysis to mark and analyze zones which felt different on the active surface
of handstones. The dissemination was made between rough (with high perceptible asperities),
smooth (with low perceptible asperities) and very smooth (no perceptible asperities). This is a
non-quantifying approach but it allows a detailed optical-tactile analysis of each object. Also, it can
be easily applied to large quantities of objects (in this case 1102) and under fieldwork conditions.
The analysis can be combined with visual analysis as described in L. Dietrich and Haibt 2020 and
in chapter 4.

Surprisingly, haptic criteria and tactile perception of the surface roughness are rarely used
in functional studies of artifacts (with the exception of Procopiu et al. 2011), although tactile
perception is one of the five somatosensory senses of humans, and the human hand “rivals
the eye in term of sensitivity” (Abraira and Ginty 2013). Fingertips contain a high number of
mechanoreceptors adapted for size, shape, weight, movement, and texture discrimination (Abraira
and Ginty 2013). The tactile sensing provides information about hardness, frictional properties
and surface topography of objects (Ding et al. 2017). Methods of the analysis of the interaction
between fingers and surfaces (Skedung et al. 2013) as well as of ways of transmitting and encoding
of the mechanical information from surface topographies (Abraira and Ginty 2013) have already
been described in detail. This information can be used to disseminate leveling through use and
studies have shown that human tactile discrimination of surface topographies can extend even to
the nanoscale (Skedung et al. 2013). Quantification approaches based on the measurement of the
vibrations through special devices (Procopiu et al. 2011) are a promising possibility, although such
devices are not part of the standard archaeological equipment.
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Fingers
Back of the hand

F=Forefinger C=Center
S=Small finger CE=Center extended
H=Hypothenar M=Margin
T=Thenar ME=Margin extended

FIGURE 3.1. Schema for the spatial description of wear (©Laura Dietrich).

Experimental programs

Experimental programs are usually carried out to compare wear from original finds and replicas
(Adams 2002, 2014; Adams. et al. 2009; Dubreuil 2002; Dubreuil et al. 2015; Semenov 1964). The main
aim in the case of the GPT is the differentiation between processed materials as this equipment is
used for crushing a wide variety of food stuffs and minerals (Adams 2002, 2014; Adams et al. 2009;
Bofill 2012; Dubreuil et al. 2015). Reference collections for the use-wear of tools made from basalt
have been partially published (Dubreuil 2002) but not for the specific types of implements from
Gobekli Tepe. As shapes, motions and weights are crucial parameters in the formation of wear a
reference collection had to be established (FIGURE 3.2). Five experimental programs were designed
as a basis for functional analyses at Gobekli Tepe. They can be described as explorative; all possibly
relevant variables were tested and measured.

Experimental program 1 (EP1) was centered on the different cereal processing technologies and their
impact on the working face of the handstones. The replicas were produced respecting the types
from Gobekli Tepe (Schikel 2018; also see chapter 4, types 1 and 2; FIGURE 3.2) from geologically
similar basalt lava from Southwestern Germany (density: 3.09g/cm3, porosity: 14,64%, maximum
radius of pores 5mm (Grimm 1990; see below). The geological determination was made optically;
the scratch hardness was measured physically.

Fine (EP1a) and coarse flour (EP1b) were chosen as end products as they are attested in charred
food remains in southwest Asian Neolithic sites, e.g. at Catalhdyiik (Fuller and Génzales Carretero
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FIGURE 3.2. Replicas of handstones and pestles from Gobekli Tepe used in the experimental
program (©Laura Dietrich).

2018). I worked with Einkorn as its exploitation is attested through a few charred macrorests (Neef
2003) and phytolith samples (L. Dietrich et al. 2019) at Gobekli Tepe. Several participants took part
in the experiments; no particular strategy was followed by the choice of the participants.

I worked with already dehusked Einkorn with 70% whole grains as dehusking was done at Gobekli
Tepe separately in special hollowed bowls through pounding (see chapter 6). As an experimental
study (Eitam et al. 2015) using ancient dehusking technology in Epipaleolithic mortars has shown
that dehusking with wooden pestles would result in whole and broken grains in proportions of
50%, we simulated the process by pounding the grains superficially (with 2-3 vertical moves)
before grinding them.

All relevant data for the experimental program are presented in TABLES 3.3-3.5, including material
and products, participants, working times, and quantities. A quantity of 500g of raw Einkorn was
established as fixed working unit (WU). Working times on the other side are non-controllable
variables because they depend on the physical condition of the participants, environmental or other
external factors; they were measured but not used in calculations. Protocols comprise information
on participants, products, working times, environment and weather conditions, position of the
body during work as well as on the handling of the handstones and the performed motions, both
as descriptions and drawings. In addition, video material was produced. Each participant had to
accomplish one task, either the production of fine or of coarse flour. Flour was considered fine
when the particles were fine pored, almost white colored, predominantly smaller than 0.5mm and
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Event Grains inkg | Working Units per event WU total
1 2 4 4
2 4 8 12
3 8 16 28
4 16 32 60
5 32 64 124

TABLE 3.3. Overview on the experimental work with handstone L10 for
the production of coarse flour (own work; average of 31 working hours).

Event Grains in kg Working Unit WU total
per Event
1 0,5 1 1
2 1 2 3
3 2 4 7
4 4 8 15
5 8 16 31

TABLE 3.4. Overview on the experimental work with handstone L10 for the

production of fine flour (own work, average of 16 working hours).

Working . . Working . Weigl}t of
Handstone . Material Participant . Motion Product the final
unit Nr. time product
L1 1 Einkorn 500 g 2 0:50 min P Fine flour 483 g
L1 2 Einkorn 500 g 3 1:13 min P Fine flour 486 g
L1 3 Einkorn 500 g 2 0:45 min P Fine flour 448 ¢
L2 1 Einkorn 500 g 4 1:02 min PandC Fine flour 474¢g
L2 2 Einkorn 500 g 2 0:40 min P Fine flour 449¢g
L3* 1 Einkorn 200 g 5 1:03 min B Fine flour 198 ¢g
L15* 1 Einkorn 500 g 6and 7 0:39 min BandC Coarse flour 489 g
L15 2 Einkorn 500g 1 0:40 min C Coarse flour 490 g
L10 1 Einkorn 500g 1 0:45 min C Coarse flour 487 g
L14 1 Einkorn 500g 10 0:43 min C Coarse flour 488 g
L14* 2 Einkorn 500g 11 0:38 min BandC Coarse flour 473 g
L14 3 Einkorn 500g 1 0:35 min C Coarse flour 491g

TABLE 3.5. Overview on the additional experimental work with different participants.

a light granulation was palpable. This flour was sticky when water was added, dough could be
formed. Coarse flour was obtained by crushing the grains superficially in coarse particles up to
2mm; the flour was yellowish and not sticky when combined with water. Four sieves with different
mesh sizes (3mm, 2 mm, 1 mm and 0,5mm) were used to separate the product, which was classified
after at least 75% from the quantity have meet the described criteria.

Grinding motions and body position were freely chosen, and the participants were asked to
describe the motions applied, their changes and the effects of work on the body. The product was
collected with the hand and then weighed to quantify possible loss or gain of material, including
stone particles. The replicas and their shapes, weights and surface modifications were analyzed in
certain intervals. TABLES 3.3-3.5 show the results of 155 working units (WU) for the production of
fine (37 units) and coarse (129 units) flour with a total of 11 participants, resulting in the production
of 40kg fine and coarse flour. A connection between pendular motions and fine flour, and between
circular motions and coarse flour could be clearly observed. The choice of the motion was made by
the participants without prompting and was influenced primarily by the tasks to be fulfilled and
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L10 Haptic and motion: coarse flour

Coarse flour

Fine flour

L13

FIGURE 3.3. Production of coarse and fine flour and spreading pattern of the flour after 5min of grinding (coarse:
above, fine: below) (©Laura Dietrich).

not by physical condition, body position or other factors. Most probably, the efficiency of each kind
of motion in combination with the specific tool shape are the main causes for this phenomenon.
The shape of the handstones means that pendulum-like motions collect the grains in the center of
the stone, the main forces work on the margins (L. Dietrich et al. 2019, S Movie 1; FIGURE 3.3 below).
The motion is thus very fluid but strong at the same time without exhausting the working arm. The
grains are first spread on the margins and finely crushed, then collected in the middle and crushed
again coarsely. Circular and spiral motions work with soft, uniformly distributed pressure from
above and the movement of grains takes place exactly inverse: they are spread from the center to
the margins of the netherstone (L. Dietrich et al. 2019 S Movie 2; FIGURE 3.3 below), then crushed
softly. Learning processes or mutual influence as causes of the choice cannot be excluded. Flat
bidirectional motions were also applied but only in a minority of cases. They were predominant
on short netherstones of up to 20cm (TABLE 3.5. marked with *), indicating shape and size of
the netherstones as variables to be considered in the formation of the use-wear on handstones.
However, flat bidirectional motions can be considered as a minor factor in wear formation on the
Gobekli Tepe tool assemblage, where most netherstones are between 30cm and 70cm long (chapter
6). Body positions (genuflecting or sitting) had no measurable influence on wear formation. The
existence of the two kinds of motions, pendular and circular, is clearly attested by the formation of
the work faces on the netherstones. Both oval and rectangular-elongated work faces were observed
(chapter 6).

Handstones L13 and L10 were chosen for a direct comparison between wear resulting from the
production of fine flour with pendular motions and the production of coarse flour with circular
and spiral motions in order to identify specific wear markers (FIGURE 3.3). All experiments were
performed by me (TABLES 3.3 and 3.4). Also, the progression of wear was macroscopically and
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L13 unused

L13, WU1

FIGURE 3.4. 3D-models of L13 (©Laura Dietrich).

18



METHODS, EXPERIMENTS AND THEIR RESULTS

L13, WU7

FIGURE 3.5. 3D-model of L13 with the microscopically analyzed spots marked (©Laura Dietrich).
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, WU7

L13

FIGURE 3.6. Macrophotos of L13 (working face) (©OLaura Dietrich).
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L13, WU7 P3 L13, WU7 P3

FIGURE 3.7. Microphotos of L13 (working face) (OLaura Dietrich).
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L10, WU4

FIGURE 3.8. 3D-models of L10 (©Laura Dietrich).
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L10, WU60

L10, unused

FIGURE 3.9. 3D-models of L10 (©Laura Dietrich).
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FIGURE 3.10. 3D-model of L10 with the microscopically analyzed spots marked (©Laura Dietrich).
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FIGURE 3.11. Macrophotos of L10 (working face) (©Laura Dietrich).
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L10, WU60 P3 L10, WU12 P3

FIGURE 3.12 Microphotos of L10 (working face) (©Laura Dietrich).
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WM1: Striations of a high-reflective
flat band on the margins

WM2: Loose spots or small chains of
flat plateaus on a surface with sinuous
and uneven topography

ok t - =

WM3: Curved polish bands on the
flattened zones

FIGURE 3.13. Wear-markers (WM) 1, 2 and 3 formed during EP1 (©Laura Dietrich).
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microscopically investigated and documented in the appendices TABLES 3.1a-3.1d and FIGURES
3.4-3.13. For each stage of work (event) (measured as described in TABLES 3.3 and 3.4) the object
was 3D-modeled to observe the transformation of the shapes.

EPla: Handstone L13. The deformations on the margins and center of replica L13 after performing
one, three, seven, 15 and 31 WU were observed. The most easily visible wear marker is a flat zone
which forms as a result of higher pressure on the margins (FIGURES 3.4-3.7; 4.11, 4-12, 4.15, 4.17,
database with images on the progress of wear in preparation). Small, loose zones with flat profiles
formed immediately after one WU on the edges and on the margins through the breakage of the
highest peaks of the high topography and their subsequent flattening through grinding of stone
on stone. A small part of the surface, especially on the corners, broke away. The corners were
the highest eroded parts of the handstones, showing elongated flat zones. Most probably the
explanation for this erosion pattern is the specific form of the handstone, its pillow-shape, which
leaves the corners exposed to the highest pressure. Flat zones were also observed in the middle
of the handstone but they were smaller and largely disconnected. The more grains were ground
(WU2-7, then WU8-15 and WU16-31), the more zones became flat and very smooth on the edges
and margins; also, on some of them reflective polish formed (FIGURES 3.6; 4.15). After seven WU,
the margins and edges were covered by a relatively connected, irregular wear band, marked in
FIGURE 4.12 with blue color on the surface and detected through tactile investigations. The band
became wider after 15 and 31 WU. The center was partially flattened but these zones felt less
smooth when touched with the fingers. Also, they were less shiny and show another use-pattern
(appendices TABLES 3.1a-b).

The mixed flat, sinuous, and rugged topography changed to flat and regular already after three WU
(FIGURES 3.4-3.7; appendices TABLE 3.1a). Simultaneously, new small “unused” surfaces occurred
through the erosion of the high topography. It was obvious that the density of the linear traces
grows with the volume of work. Interestingly, the parallel traces changed to mostly erratic at the
end of work even if the motion remained the same. Observations at high magnifications (40x-100x)
revealed the existence of parallel, moderate to highly reflective striations already after one WU
(FIGURE 4.15/9). They were covering most of the surface in a network-like manner at the end
of work (FIGURE 4.15/10-11). These striations do not occur in the center of the handstone, and
also not on the handstones used for the production of coarse flour (FIGURE 4.15/5-8). Thus, they
can be defined as a wear marker (WM) 1 for the production of fine flour in combination with
the appearance of a flat zone surrounding the margins (FIGURES 3.7; 3.13; 4.12). The experiments
indicate their formation through moving the handstone on a very thin layer of flour with high
pressure and by incidental contact with the netherstone.

The center of the handstone changed its topography more slowly. The topography here was mixed,
flat, sinuous, and rugged, and it felt partially rough; it remained structurally largely unchanged
after seven WU, even if the surfaces were partially eroded (FIGURE 4.14/10). At the end of work,
the erosion and the flattening of the surface were predominant on the backside of the handstone’s
surface (FIGURE 4.12. marked with red color); the frontside’s topography changed less. Gouges and
pits formed also in the center, but with far reduced density compared to the margins. Also, the
gouges showed an erratic orientation from the first work unit onwards. Moderately reflective polish
was observed mainly on the gouges and on the high topography. Striations were not observed.

EP1b: Handstone L10. The deformations on the margins and center of replica L13 after performing
four, 12, 28 and 60 WU were observed (appendices TABLES 3.1c-d). The surface deformation does
not present a flattened topography on the margins and has no striation patterns (FIGURES 3.8-3.12;
4.14/5-8, 11-12). The experiments show that the production of coarse flour does not require high
pressure. A thick layer of whole grains and coarse crushed grains constantly remained between the
active and passive tool and there was nearly no direct contact between the stones.
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WM1 Connected highly reflective striations covering chains of plateaus on the margins on handstones (types 1 and 2).
WM2 Connected chains of flattened spots with sinuous or flat profiles in center and center-extended on handstones.
WM3 Moderate reflective curbed or round gouges on handstones.

WM4 Scar marks,

WM5 Red residues (ochre).

WM6 Breakage on the margins of depression E6 (short boulders).

WM7 Scar marks on the margins of the hollowed boulders (HB).

WM8 Triangular scar marks.

WM9 Black residues (bitumen?).

WM10 Moderate reflective, blackish polish.

WM11 Highly reflective, blackish polish.

TABLE 3.6. Wear-markers defined on originals and replicas.

The disposition of wear is different from L13 (FIGURE 4.16). Smooth chains of sinuous profile
formed radially beginning in the center as observed after 12WU (FIGURES 3.8, 3.9, 3.13); after 28
WU these zones became visibly flatter as shown in appendices TABLE 3.1c and after 60 WU they had
regularly flat profiles and a moderate polish. In the zones corresponding with the place where the
forefinger rests - i.e. where the pressure is higher - the chain is more developed, but, obviously, the
deformation is concentrated more in the center and center-extended. The combination between
small spots or chains of flat plateaus and sinuous and uneven topography can be defined as WM 2.

The strikingly weak presence of flattened zones on the backside of the handstone is an important
difference from handstone L13 as well as the absence of the flattened band surrounding the
margins.

Microscopic analyses (FIGURES 3.10, 3.12 reveal the mixed formation of flat plateaus and sinuous
and irregular single peaks in the chains (TABLE 3.1d). Long and short erratic gouges, either straight
or curved and curved polish formation are typical use wear and appear on all flat plateaus, either
in the center or on the margin-extended zone (FIGURES 3.10-3.13). Curved gouges and polish
formation were not observed for handstone L13 so this can be defined as WM 3.

Other wear markers observed on the original finds (TABLE 3.6) did not occur during EP1.

Experimental program 2 (EP2) comprising the production of handstones will not be described here
in detail as this constitutes the topic of a MA thesis (Nils Schikel, Freie Universitit Berlin). The core
of the program was the production of replicas of handstones of the most frequent type found at
Gobekli Tepe (type 1, chapter 4) by pecking with basalt or quartz tools.

Experimental program 3 (EP3) was designed to analyze the haptic and handling of pestles on short
boulders with specific depressions (mortars) in order to determine their possible functions. Also
the efficiency of the most frequent type of pestle (chapter 5, type 1) for the processing of different
food stuffs was tested. The functional studies are based in this case on shape and efficiency
determinations as for 90% of the pestles from Gobekli Tepe the working faces are missing. The
program consists of four small experiments:

In experiment 3a (of four working units of 30min each), lentils were wet ground to paste with pestle
P1. Wet grinding is attested ethnographically (footage archive of Wilderness Films India Ltd on
Youtube) and is very effective in comparison with dry grinding as lentils are small, hard and
slippery (compare the results in chapter 5). A hand full of lentils was put in the depression, and
water was added progressively (another possibility is to grind previously soaked lentils). This work
is not challenging at all. Quite rapidly a paste (which can be eaten raw or boiled) forms. Lentils
are not well attested between the few macrorests at Gobekli Tepe (Neef 2003) but were widely
used in the region during the Neolithic (Scheibner 2015: 112, Tab. 2.4). Also wicken was probably
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consumed as sediment analyses suggests (L. Dietrich et al. 2020a, and chapter 7). Although it is still
not entirely clear how pulses were consumed, use-wear analyses at other Neolithic sites suggest
their processing through grinding (Bofill 2012; Dubreuil 2002). WM 2 formed on the bottom both of
the active and passive tool parts. In this stage of work (short time experiments) it would be difficult
to differentiate between the wet processing of legumes and the dry processing of cereals. EP3a was
thus designed as long-time experiment (work in progress).

In experiment 3b (of two working units of 30min each) mustard seeds were pounded and ground
to fine particles (dry grinding) and to a paste (wet grinding) with pestle P2. Mustard is attested at
Gobekli Tepe in sediment samples (L. Dietrich et al. 2020a) and at other contemporary sites from
the region. At Jerf el Ahmar two lumps (“cakes”) made of mustard seeds were found, attesting
crushing (Willcox and Stordeur 2012). As expected, wet grinding was much more effective than
dry grinding (compare the results in chapter 5). EP3b was designed as long-time experiment (work
in progress).

In experiment 3c (two working units of 30min each) herbs (mugwort) were pounded with pestle
P3 on short boulders with depressions in fresh and dried condition. Artemisia vulgaris is attested
at Gobekli Tepe (L. Dietrich et al. 2020a) and can be used as aromatic herb or main ingredient for
liquid meals, it can be cooked as vegetable or it can be used as a bitter flavoring agent for beer. The
pounding work was overall very difficult because of the hardness of the plant. Probably, cutting
tools were used or the plant was consumed whole as condiment in porridges or beer (L. Dietrich et
al. 2020a).

In experiment 3d (one working unit of 30min) tubers from phragmites have been pounded to fine
flour with pestle P4 on a netherstone of type 1 (large boulder, see chapter 6). The use of fine
ground tubers containing starch in combination with cereals for the preparation of bread-like
products has been indicated by large quantities of charred food remains in some Epipalaeolithic
sites (Arranz-Oetagui et al. 2018) but is not evidenced at Gobekli Tepe. Thus, experiment 4 was
completely explorative and will be continued as a long-time experiment.

Experimental program 4 (EP4) was designed to observe the long-time deformation both of
handstones of and netherstones by pendular and circular motions. As the wear processes on basalt
can take very long, even decades (Hayden 1987), salt blocks were chosen to simulate the wear using
sand as grinding material. In all cases the initial working faces were straight and flat. The use of
salt blocks to analyze the configuration of the working faces by grinding stones for both active and
passive parts has been previously tested in archaeological use-wear research (Stroulia et al. 2017).

In experiment EP4a a handstone of type 1 was moved exclusively with pendular motions on
one of the netherstones and in experiment E4b another handstone of the same type was moved
exclusively with circular motions for 22 WU of 30min each. The progression of the deformation
was photographically and photogrammetrically documented in different stages of use, the results
are discussed in chapters 4 and 6 as they are closely linked to the shape of the original finds.

Experimental program 5 (EP5) had the aim to test the suitability of large stone troughs for cooking,
as previous studies interpreted these implements as vats for the fermentation of beer (0. Dietrich
et al. 2012). Measuring of the functional capacity is an additional approach to functional studies on
artefacts.

Together with a small team we tested the possibility of using large troughs as tools for cooking
porridge and brewing beer with heating stones as both possibilities were indicated by chemical
analyses (L. Dietrich et al. 2020a). Two experiments were performed with a replica of a trough
following the shape of ST6 (chapter 7). In comparison to the original the replica was smaller, with
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a capacity of 30l. This is the lowest limit of the capacities of the preserved stone troughs from
Gobekli Tepe (chapter 7).

For practical reasons we combined the experiments by using malted Einkorn to boil porridge in
a first step; this was then separated into grains and liquid and subsequently fermented to beer.
No other ingredients were added, and the Einkorn malt was not previously soaked but only
coarsely ground. Malting includes wet treatment which possibly weakens resistance during
thermal processing and shortens the cooking time. As previous soaking with similar effects can
be presumed for prehistoric operational chains, we did not consider this difference to essentially
affect our experiment and results. Beer can be made in various ways and with various ingredients
(NarziR et al. 2017). Hayden (et al. 2013) as well as Rosenstock and Scheibner (2018) have described
the processes in detail based on prehistoric and ethnographic evidence. We chose the simplest
procedure, which includes (previous) malting of Einkorn, its coarse crushing, heating in water,
mashing, lautering and fermenting without added yeast and hops. The ratio of 1:5 of malt and
water was chosen in accordance with modern standards of beer brewing. Of course, in the case of
porridge, the quantity of water is variable; however, it could be observed that by using this method
of cooking, more water in relation to grains would avoid loss due to adhesion to the cooking stones.
The whole process of cooking to porridge/beer was perceived as easy to perform and practicable
with a small team of 2-4 people even with inexperienced participants. It takes one work day (8
hours) to coarsely grind 4kg of malt and to boil it to porridge in 20l of water, and another 5 days
until the leftover liquid (111) will ferment to a beer-like beverage with a low concentration of
alcohol of 2%. The heating stones of limestone or basalt were transferred with wooden spoons;
other tools like the aforementioned onager scapulae would have also worked. A total of 33 basalt
and 96 limestone heating units were used experimentally, but around 10 constantly reheated stones
would have sufficed. Extrapolating the data, it would need 78 heating units for a container of 70l
and 182 heating units for the largest container of 165! in the same period of time; much less during
higher outdoor temperatures. 9.4kg of Einkorn malt or cereals could have been cooked in a 70l
trough or 22kg in the 1651 trough. As the experiments showed, cooking at higher temperatures (up
to 90°C) can be easily achieved by introducing more heating units. All cooking stones were heavily
burnt. The heating treatment leaves obvious traces on limestone, which immediately becomes
uniformly black. Traces on basalt are much less visible. The latter can thus be easily overlooked
during excavations, especially when other fire traces or fire installations are largely absent in the
archaeological record, as is the case at Gobekli Tepe. However, a solid crust of burned Einkorn
immediately formed on the stone surface (Heiss 2020) and remained stuck even after further
immersing in water. The surface of the stone trough showed no deformation after three heating
events with a duration of 2:30 hours each. However, some of the factors impacting the vessels from
archaeological contexts could not be simulated in the experiments: constant heating and cooling
events over a long period of time, heating in wet weather conditions, and post-depositional effects
like dislocation as part of erosion processes.

The temperature was maintained by adding or removing heating units and constantly checking
with a thermometer; traditional brewers would have either used the reflective properties of the
water (Hayden et al. 2013) or counted the heating units or tested with a finger. Lautering resulted
in 111 of wort. Thus, through the cooking process with heating stones and liquid absorption
approximately one third of the liquid was lost. Extrapolating for larger troughs, quantities of 251
respectively 601 of beer could be calculated.

Characterization of rock textures

Geological determinations are important in functional studies because the formation of wear
depends partly on the characteristics of the rocks of them the tools are made (Adams et al. 2009).
At Gobekli Tepe, extensive geological analyses have not been carried out. Thus a description of the
materials was made exclusively as part of the grinding stone project.

31



PLANT FOOD PROCESSING TOOLS AT EARLY NEOLITHIC GOBEKLI TEPE

With few exceptions (of lime) all Neolithic grinding stones are made of more or less coarse pored
basalt lavas and rhyolites of hardness 7-8 Mohs, visually of the same types with the basalt outcrops
from the basalt field near to the site (survey: Devrim Sénmez 2015). There are no petrographic
studies; the determination of both tools and outcrops was made macroscopically. Several
samples (photographs) were determined by two geologists: Dr. Angela Ehling, Bundesanstalt fiir
Geowissenschaften und Rohstoffe, Berlin and Karl-Heinz Schumacher, Geographisches Institut
Aachen, regarding their properties (porosity and hardness). They guided me to a source of similar
basalt lavas from Western Germany to produce the replicas.

Residue analyses and macrorests

Phytolith analyses (Julia Meister) were conducted both on sediment and directly on four grinding
stones. The results of the phytolith analyses are published (L. Dietrich et al. 2019). The phytoliths
attest the massive presence of Pooids, including Triticum sp. and Hordeum sp. at the site, both in
the sediment samples and in samples taken directly from the surface of the grinding stones (see
chapter 4). Their concentrations are higher in wet-brushed stone surface samples, most probably
because the sediment extracted from the pores of the grinding stones contains old phytolith
assemblages, and on the working faces of the grinding stones (L. Dietrich et al. 2019). Thus there is a
high possibility that, at least partly, phytolith residues represent the use and not post-depositional
contamination, although they are not a secure indicator for food.

Starch analyses (Marco Ulbrich) were performed optically and chemically to determine the
presence of starch granules and polymers on three samples: two scratch samples from the bottom
of ST 6 and one sample from its content (chapter 7). Both the optical and the chemical examination
through gas-chromatography (L. Dietrich et al. 2020a) show that starch is not preserved in these
samples.

Biomarker analyses (Patrick McGovern, Gretchen R. Hall, W. Christian Petersen, Martin Zarnkow,
Mathias Hutzler, Fritz Jacob, Jasmine Herzog, in L. Dietrich et al. 2020a) were conducted on
sediment samples through Fourier Transform Ion Cyclotron Resonance Mass Spectrometry and
Gas Chromatography-Mass Spectrometry (GC-MS). The results are presented in L. Dietrich et al.
2020a and in chapter 7.

Macrorests as indicators of possible food sources

Archaeobotanical and archaeozoological studies were previously carried out at the site. Like stated
before (L. Dietrich et al. 2019; Neef 2003) the preservation of charred botanical rests is not good at
the site in the contexts analyzed. Previous analysis of macrobotanical remains by R. Neef indicate
the presence of wild einkorn (Triticum cf. boeticum/urartu), wild barley (Hordeum cf. spontaneum)
and possibly wild wheat/rye (Triticum/Secale), lentils (lens) as well as almonds (Prunus sp.)
and pistachio (Pistacia sp.) at Gobekli Tepe (Neef 2003), the same study points out that only a
conspicuously low amount of carbonized plant remains has been recovered, both in handpicked
and in flotation samples. The poor preservation was explained by the large-scale relocation of the
sediments the samples were taken from (see below), which would have had a negative impact on
the fragile plant remains (Neef 2003). They therefore cannot be used to estimate the intensity of
plant processing on site. Also, there is no direct evidence for their processing through grinding as
known from other sites (for example: Génzales Carretero et al. 2017; Willcox and Stordeur 2012).

As for the animal bones, gazelle and aurochs were found in large quantities (Lang et al. 2013)
attesting the extensive consumption of hunted animals at the site, as expected for the period and
region. The processing of meat with pounding and grinding stones is ethnographically attested
(Adams et al. 2002) and assumed for several Epipalaeolithic and Neolithic sites of the region (Bofill
et al. 2012; Dubreuil 2002).
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Chapter 4

Handstones

Summary

Handstones appear in variable shapes and sizes at the site but the largest part is standardized:
one-handed, palm-sized, oval to subrectangular with an average weight of approximately 800 g
(FIGURE 4.1). As functional and experimental studies show, most handstones at Gobekli Tepe were
used for the processing of cereals either to coarse or to fine flour, although coarse flour prevails.
The processing of ochre is rare and limited to specific types and early contexts. The processing
of other foodstuff like meat and drupes with handstones is attested only for a few artefacts. This
chapter presents the find analysis in detail with an emphasis on the classification into “types” and
optical and haptic investigation of shapes and surfaces. Also, contextual data are discussed.

Database

3357 handstones are recorded in the project database (1995-2014) with specifications on find
contexts, dimensions and with sketches. Of them, 1102 were re-documented. The analytical
methods applied are quantified in TABLE 4.1.

Classification of shapes (used stage)

Previous classification systems of handstones are based either on shapes (Mazurowski 1997), on
shapes and sections (Wright 1992; Bofill 2015), or on a combination of both to account for functional
and stylistic significance (Davis 1982). In some classification systems, the shapes and modification
of surfaces were linked to kinetics (Adams 2002; Bofill 2015; Mazurowski 1997; Nierlé 2008). Other
systems have stressed the chronological significance of some features, like lentil-shaped sections
of handstones as a later PPNB feature, resulting from prolonged bidirectional instead of circular
abrasion (Shea 2013).

The concept of “functional types” (Steward 1954) seems suitable for the classification of the active
parts of the grinding gear. Thus, the following shape variables were chosen and used to define
“types”: shape in topview, sections, size and weight. All variables are determining for the kinetics
and deformation through use. The major difficulty is to distinguish between production and wear
types. Although this differentiation cannot be clearly made in each case, data of the experimental
program (EP4) were used to complete this information. Shapes define the handling, while sections,
sizes and weights are determining factors for motions and thus surface transformations during
work processes. Handling and motions define the degree of efficiency and productivity. The
outlines are not the main defining variables for types, different from formerly proposed typologies.
A total of ten types of handstones can be differentiated, within the sample of 1169 finds which were
analyzed regarding form and use-wear (FIGURE 4.2, TABLE 4.2).

Manufacture and classification of shapes (unused stage)

The actual shape of some types is a result both of preform and change through use. Types 1, 2,
6, 7 and 8 have different sections. Handstones of these types can be used with one hand. Types
1 and 2 are most frequent at Gobekli Tepe and give the most complete information on the chaine
opératoire and the changes in form occurring during use. The blanks lying today on the basalt field
are considerably thicker and heavier than the artefacts found on site (TABLE 4.3). Most of the
blanks have natural oval to round shapes with similar lengths compared to the artefacts or are
longer (TABLE 4.3 and personal observation on the basalt field). The differences are more obvious
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Oyvn c%ocume.ntatlon (hand!mg, 1169/1102
kinetic, tactile, macroscopical, .
. (tactile)
shape analyses, size).

Photogrammetry 100
Microscopic analyses (10x-160x 73
magnification)
Phytoliths 10
Find contexts 3328
Analysis based on database and old 3328
documentation

TABLE 4.1. Documentation of the handstones.

in the center, which is sometimes nearly double as thick as the margins, resulting in a pronounced
convex section.

First, the basalt blanks were reduced by pecking to the actual tool form as pecking traces on
some artefacts (nr. 96_003151) indicate. Preform nr. 97_000291, which is naturally rounded, shows
scars and pecking negatives on the surface. In this case the future working face was levelled and
the center of the blank was reduced in order to produce a handstone of type 1. Levelling of the
working face was necessary to increase the grinding surface and to secure a better handling of the
handstones. However, the degree of the reduction and the initial convexity cannot be determined
in individual cases. The database does not include enough pieces to calculate the “standardization”
of the naturally occurring blanks. Experiments with the blanks observed on the field have shown
that grinding with objects of a thickness bigger than 5cm and with convex working faces would be
difficult. Thus, it can be concluded that most probably the original (unused) forms were not thicker
than 5cm, and that the initial shapes would have had a relatively symmetrical cross-section. A
maximum of wear reduction of 1.5cm can thus to be assumed considering the actual medium
thickness of the used objects (see below). However, the reduction is not calculable for single objects
and is only given as a general orientation here. The presence of oval handstones of similar shapes

FIGURE 4.1. Handstones from Gébekli Tepe (©German Archaeological Institute, Photo Laura Dietrich). D-DAI-IST-GT18-

LD-0001.
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HANDSTONES

Type 1
PLATES 4.1-4.8

Oval to subrectangular in topview;
square or oval sections and almost symmetrically high sides;
one-handed, medium sized, palm large, permitting handling with the fingers
spread around the handstones both with circular-oval as with bidirectional-
pendulum-like motions;
weights up to 955 g in used stage.

484 finds redocumented; from project database a total number of 718 finds
emerges but some finds could not be verified.

Type 2
PLATES 4.8-4.13

Oval to subrectangular in topview;
wedge-shaped in section with asymmetrically high sides;
one-handed, medium-sized, palm-large, permitting handling with the fingers
spread around the handstones both with circular-oval as with bidirectional-
pendulum-like motions;
weights up to 866 g.

255 finds redocumented; from project database a total number of 301 finds
emerges but some finds could not be verified.

Type 3

Elongated subrectangular in topview, pillow- to wedge-shaped sections;
two-handed, small sized, permitting handling with the fingers opposite to the
thumbs on the long sides with bidirectional-pendulum-like motions;
weights up to 685 g.

4 finds redocumented; from project database a total number of 9 finds emerges
but some finds could not be verified.

Type 4

Broad and oval in topview and in section;
two-handed, large-sized, permitting handling with both palms on one side and all
fingers pointing forward holding the stone;
weights up to 2390 g.

17 finds redocumented; from project database a total number of 19 finds emerges
but some finds could not be verified.

Type 5
PLATE 4.14

Small, round, ball-shaped;
one-handed, small sized, permitting handling in clasped hand with circular, short
bidirectional or vertical motions;
weights up to 294 g.

5 finds re-documented.

Type 6
PLATE 4.14

Elongated-ovaloid in topview, D-shaped to triangular in section;
two-handed, medium-sized permitting handling with both palms on one side and
all fingers pointing forward holding the stone;

123 finds redocumented; from project database a total number of 175 finds
emerges but some finds could not be verified.

Type 7

Oval in topview, round in section;
One-handed, permitting handling with the fingers spread around the handstones
with circular motions (but the working area is small);
weights up to 1367g.

18 finds redocumented; from project database a total number of 27 finds emerges
but some finds could not be verified.

Type 8

Oval in topview, lentil-shaped in section;
one-handed, permitting handling with the fingers spread around the handstones
with circular motions (but the working area is small).

16 finds re-documented; from project database a total number of 21 finds emerges
but some finds could not be verified.

Type 9
PLATE 4.14

Irregular shape and section.
24 finds.

Type 10
PLATE 4.12-4.14

Broad-oval in topview, flat-oval in section;
two-handed, large-sized, permitting handling with both palms on one side and all
fingers pointing forward holding the stone;

weights up to 4096g.
53 finds redocumented.
Not classifiable due to object preservation 127 finds
Preforms, roughouts, miniatures 43 finds

TABLE 4.2. Typology of the handstones from Gobekli Tepe (compare FIGURES 4.1 and 4.2).
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FIGURE 4.2. Typology of the handstones from G&bekli Tepe. Schematic depiction of shapes (white) and profiles (grey)
(©Laura Dietrich).
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FIGURE 4.3. Handling the originals: examples of haptic possibilities (©German Archaeological Institute, Photo Laura
Dietrich).

as the naturally occurring blanks suggests that the manufacturing process in this case comprised
only the reduction of the center.

Another question is if the initial manufacturing included shaping of the corners or also of the
sides for subrectangular handstones and to what degree this specific shape, which does not occur
naturally, was changed through use. Some finds (e.g. nr. 98_002662) show shaping of the corners
and the narrow sides while others show complete shaping with levelling of the small sides (nr.
18_000139, 00_000028). Pecking traces were observed on nr. 96_003151. Obviously, this specific
subrectangular shape was intended, most probably because it provides a better haptic and a
larger working face both for grinding with circular-oval and bidirectional motions (chapter 3 EP1).
As observed during EP1 (chapter 3) and by testing with the originals, this specific shape can be
handled best by putting all four fingers on one of the longer lateral sides and placing the thumb
slightly curved on the corner (FIGURE 4.3/1) with the hand perpendicular on the longer sides
while for oval shapes the hand rests in an oblique position (FIGURE 4.3/3).

Thus, most probably the initial unused shape of these handstones was subrectangular with a
relatively flat working face. The other face (where the hand rests) could have been slightly convex,
like the preserved objects show (in case they are not used on both faces or sintered).

It remains questionable to what degree the corners were formed (rounded) through wear
during grinding and how much they changed in comparison to the initial shape. EP 1 (chapter
3) proofs slight erosion of the corners by grinding with bidirectional-pendular motions, but the
experimental grinding was carried out on a netherstone with an only slightly deepened depression.
Bidirectional-pendular grinding with salt blocks in a deeper depression (chapter 6: depression E4)
led to substantial erosion of the handstones surface, but would not contribute essentially to the
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FIGURE 4.5. Boulders in the basalt field (©Laura Dietrich).
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FIGURE 4.6. Possible fragments from the production process from the excavations (©German Archaeological Institute,
Photo Laura Dietrich). D-DAI-IST-GT18-LD-0004.

rounding of corners as EP5 showed (FIGURE 4.7 right). With circular and oval motions the rounding
is more pronounced but the form remains subrectangular with contoured corners. Thus, it can
be concluded that despite of erosion and some breakage at the corners the shape in top-view did
not essentially change. Most probably, the manufacture included complete shaping and levelling
of the working face, and the initial shape was similar but thicker. A certain degree of functional
standardization in the manufacture can be supposed.

As for type 2, the estimation of its initial shape is more difficult. EP 5 with salt blocks has indicated
how the progression of the deformation resulting from bidirectional motions is evolving. For flat
netherstones, the side pressed with the back of the hand (T and H, see chapter 3) would flatten
much faster than the opposite side, that becomes a “facet” (FIGURE 4.7 left). Working in an already
deepened boulder would lead to exactly the opposite deformation (FIGURE 4.7 right). In this case
the highest pressure is put on the front side which permanently gets in contact with the front
wall of the netherstone’s depression. Here, the profile becomes triangular or rounded. However, in
both cases one of the sides is more worn than the other. Both facetted and triangular-rounded or
trapezoidal profiles are attested at Gobekli Tepe (FIGURE 4.7 below). However, not all handstones
with triangular-rounded or trapezoidal profiles also show flattening of the surface on the thinner
side, implying the possibility that some of these handstone shapes are not a result of wear, but of
initial shaping. The latter could have been easily achieved by shortening of the already existing
triangular blanks (TABLE 4.3) without further transformations. The transformation of the shapes
between original and worn pieces cannot be followed in each case for the handstones of type 2.

A last question regards the possibility of manufacturing handstones of types 1 and 2 from larger,
irregular boulders or from broken netherstones. There is a large selection of up to head-sized,
irregular boulders on the basalt field (FIGURES 4.4, 4.5, 4.8) as well as a broad spectrum of possible
fragments from the production process (FIGURE 4.6). The experiments (EP2) indicate that
manufacturing would not take more than 1.5 hours, which is not very much taken into account the

.4
39 s



PLANT FOOD PROCESSING TOOLS AT EARLY NEOLITHIC GOBEKLI TEPE

Reconstructing long time wear by handstones of type 2

Salt block moved on flat surface Salt block moved in depressions
with pendular motions with pendular motions
Backside worn Foreside worn Backside worn Foreside worn

more less less more
Facet . =

Change of hand or of

3D modell working side
Facet e
Assymetrical presure
(forefinger presses harder)
Original Original
Backside worn Foreside worn less
98 000262 05_003059

FIGURE 4.7. Original handstones and comparison between wear progression on salt blocks after 18 respectively 22 WU
and profiles of the handstones at Gobekli Tepe (©German Archaeological Institute and Laura Dietrich, Photos Laura
Dietrich). D-DAI-IST-GT18-LD-0005-0007.
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98_004657

FIGURE 4.8. Blanks for handstones of type 6 (© German
Archaeological Institute, Photo Laura Dietrich). D-DAI-
IST-GT18-LD-0008.

general effort invested in buildings and other technical processes at Gobekli Tepe. Although there
is no direct evidence for this technological chain, these possibilities have to be considered.

There is limited information on the production of other handstone types. Clearly, the round
handstones of type 5 were preformed through pecking as all of them have similar dimensions.
The shape was not further transformed through grinding. Both of the large types 4 and 10 seem
to represent natural boulders of similar shapes as those still lying today on the basalt field. Also in
the case of type 6, which represents a more heterogenic group of longer and shorter handstones
with D-shaped and triangular profiles, the use of unshaped cobbles as blanks has to be considered
(FIGURE 4.8). In this specific case the initial shape and its transformation cannot be followed in
detail as the cobbles have irregular shapes. Usually, one of the surfaces would be flattened through
use but its initial shape and the degree of deformation cannot be estimated anymore.

Year/ Survey Area Measurements Description
2016 2509 g Oval blank.
Area 14N 16/11/8 cm
2016 747 g Blank with a flat surface and triangular
Area 15N 10/6 cm section.
2016 1333 g Oval blank.
Area12 M 12/9,5/8 cm
2016 374¢g Small round blank.
Area100 7,5/7,5/5 cm
2016 735¢ Long oval blank.
Area13 M 12,5/7/6 cm
2016 1059 g Oval irregular blank with two flattened
Area12 M 9,5/9/7 cm sides.
2016 926 g Oval irregular blank with one flattened
Area 9K 9,5/8/7 cm side.

TABLE 4.3. Blanks collected during the survey of the basalt field (survey and data Devrim Sénmez).
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Surface (SF) . . . .
y Tactile and macroscopic Microscopic wear markers . . .
(as defined) Tribological mechanism
. appearance (10x-160x)
and quantity

NF 1 The high topography is uneven High and low topography: sinuous Natural erosion caused by natural
irregular with sinuous and rugged | and uneven irregular. erosion (not traceable).
peaks and it feels predominantly
rugged with separated loose
smooth spots. The low topography
is uneven irregular and more or
less porous.

NF 2 Both high and low topographies | High and low topography: sinuous Natural erosion caused by natural
have extended surfaces of sinuous | and uneven irregular. erosion (different from 1, not
profiles with small flat spots. traceable).

Uneven irregular high topography
is loose and separated.

SF 1 0n 232 The surface is a regular mixture | High topography: Abrasive wear is documented

objects between sinuous and flat high flat (plateaus), sinuous (peaks) and by the presence of flattened and
topography both with small uneven profiles, flat and sinuous rounded topography and by linear
plateaus and sinuous peaks and it | areas predominate. traces.
feels predominantly smooth with | Low topography: pores, uneven. It was caused by circular/oval/
several very smooth spots which | Linear traces: loose short and long, | spiral motions with soft pressure
are in all examples erratic and straight and curved gouges. causing friction between the
loose on the entire surface. The Polish: dull to moderately reflective | handstones, the netherstones and
low topography is sinuous and on the high topography. an interpolated loose, middle hard,
uneven and it feels smooth and Levelling: loose on the high nonfatty mass (as experimented
rough especially near or in the topography (small spots of plateaus) | in EP1) permitting direct contact
natural occurring pores. Objects | Fractures: pits. between the stones.
with more pores have more WM2, WM3 Tribochemical wear is attested
uneven spots. by the presence of moderately
The surface is usually dull to reflective polish representing
slightly reflective, the polish is chemical interactions between
loose and covers the surface. the stone surfaces and the ground
(Fig. 4.10) material.

Adhesive wear can be
reconstructed like resulting
from EP1. Particles of cereal
mass remained both on the high
topography and in the pores.

SF 2 on 251 The surface in the center and High topography: Abrasive wear is documented both

objects the extended center is similar to | flat (plateaus), sinuous (peaks) and in the center (like described by
surface 1. uneven profiles, flat and sinuous SF1) and on the margins where
The surface on the margins predominate in center and extended | it was caused by the friction
and margin extended has an center; flat (plateau and chains of resulting from hard pressure and
irregular extension (0.3 to 1.4 plateaus) on the margin and margin | bidirectional motions between
cm) and a predominantly flat extended. two stone surfaces. Tribochemical
high topography which is also Low topography: pores, uneven; wear is attested by the presence
very smooth. This surface is Linear traces: gouges in the center of moderate and highly reflective
moderately to high reflective. and center extended; gouges and polish representing friction and
(Fig. 4.10) long striations on the margin and mixtures of fine stones and grain

margin extended. particles (EP1).
Polish: dull to moderately reflective | Adhesive wear as described for SF1.
on the high topography in the center

and extended center; moderate to

high reflective on the margin and

extended margin.

Levelling: loose on the high

topography (small spots of plateaus)

in the center and extended center;

covering and connected on the

margin and extended margin.

Fractures: pits

WM1, WM2, WM3

SF 3 0n 99 Flat high topography on the High topography: flat (plateau and Abrasive wear is attested by the

objects entire surface, very smoothand | chains of plateaus). presence of flattened topography
moderately to highly reflective. | Low topography: pores, uneven. and linear traces.

Linear traces: gouges, loose. Tribochemical wear is attested by
Polish: moderately to highly the presence of polish.
reflective. Fatigue wear is attested by the
Levelling: covered and connected on | presence of scar marks.
the margin and extended margin. Adhesive wear is attested by the
Fractures: pits, scar marks presence of ochre residues.
WM4, WM5
© mmm
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Surface (SF) . . . .
y Tactile and macroscopic Microscopic wear markers . . .
(as defined) Tribological mechanism
. appearance (10x-160x)
and quantity
SF 4 on 54 The surface on the margin and High topography: Abrasive wear is attested by the
objects extended margin is similar to flat (plateaus), sinuous (peaks) and | presence of the gouges.
surface 1 and the surface in the uneven profiles, flat and sinuous Tribochemical wear is documented
center and extended center to predominate on the margin and by the presence of polish.
surface 3. extended margin; flat (plateau and
chains of plateaus) in the center and
extended center.
Low topography: pores, uneven;
Linear traces: erratic gouges
Polish: dull to moderately reflective
Levelling: loose on the high
topography (small spots of plateaus)
on the margin and extended margin;
covered and connected in the center
and center extended.
Fractures: pits
SF 5 on 84 Surfaces with loose flattened high | High topography: Abrasive wear is attested by the
objects topography, sinuous and uneven | flat (plateaus), sinuous (peaks) and | presence of flattened topography
topography. uneven profiles and linear traces.
Low topography: pores, uneven; Tribochemical wear is attested by
Linear traces: erratic gouges the presence of polish.
Polish: dull to moderate reflective Fatigue wear is attested by the
Levelling: loose, irregular on the presence of scar marks.
high topography and on the low Adhesive wear is attested by the
topography Fractures: pits, scar presence of ochre residues.
marks
WM4, WM5
SF6on2 The surface from the center to Not analyzed. Not analyzed.
objects extended margin is similar to
surface 1. On the margins pits and
breakages are visible attesting
pecking.
Handside The surface is covered with a dark | Not analyzed. Tribochemical wear is attested by
highly reflective polish. the presence of polish.
Sintered, varia: | - Not analyzed. Not analyzed.
on 290 objects

TABLE 4.4. Natural surfaces and surface deformations on handstones.

Surface deformations

Tactile and optical investigations were conducted as described in chapter 3 on 1102 handstones,
the results can be found in appendices TABLES 1-10. The results of the microscopical analyses
performed on 73 handstones can be found in appendices TABLES 1-10, for the methodology and
terminology see chapter 3. The examination of the natural surface of the basalt is the first step
in order to define deformations. The tactile and macroscopical analyses distinguish between
two natural surfaces and six types of surface deformations (SF 1-6) which are combined with
microscopical investigations in TABLE 4.4 (see below FIGURES 4.9-4-10, 4.14-4.15; PLATES 4.16-
4.17). The table contains also a description of the tribological traces involved in the formation of
wear based on EP1 (chapter 3) and on the classification of Adams et al. (2009).

For the formation of wear a new quantification method was applied, based on the 3D-modelling of
roughness in the open access software CloudCompare (Dietrich and Haibt 2020). The main questions
were how SF1 and SF2 develop, and if the active use-times of the handstones can be deduced based
on the measurement of the flat zone on the margins (SF2), as its extensions differ. Handstone nr.
18_000139 and experimental handstone L13 (chapter 3, EP1) were chosen for a direct comparison
(FIGURE 4.11). Handstone nr. 18_000139 has the widest flat band (0.6cm to 1.4cm) observed.

Handstone L13 was used as described in chapter 3, EP1 exclusively for the production of fine flour
with pendular motions. First, an extension rhythm of flattening of the working face by comparing
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FIGURE. 4.9. Schematic depiction with the classification of the surface deformations (©Laura Dietrich).
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FIGURE 4.10. 3D-Meshes without color texture with surfaces of type 1 and 2 (©German Archaeological Institute, Photos
and 3D-models Hajo Hohler-Brockmann). D-DAI-IST-GT17-HHB-0009-0013.
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FIGURE 4.11. Handstone 18_000139 and experimental handstone L13 (©German Archaeological Institute and Laura
Dietrich, Photos and 3D-models Laura Dietrich and Max Haibt). D-DAI-IST-GT17-HHB-0014 (left above).
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M3C2 distance

0.0070
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-0.0053

-0.0062
-0.0070

0.085

FIGURE 4.12. Above: surface roughness modeled in CloudCompare and cleaned by SOR: 1-3, of the replica L13 after
1WU (1), 3WU (2) and 7WU (3); of the Neolithic handstone18_000139. Flatter surface of the margins and edges of the
Neolithic (5) and experimental (6) handstone as it was felt. Below: distance modeling in CloudCompare on replica
L13 in different working stages. 1: modeling of the surface after one WU; 2: modeling of the distance between the
surfaces after one and three a WU (red: erosion of the high topography; blue: grains intrusions); 3. modeling of the
distance between the surfaces after three and seven WU (red: erosion of the high topography; blue: grain intrusions).
Experimental work and documentation Laura Dietrich, modeling Max Haibt (©Laura Dietrich). (OLaura Dietrich,
experimental work and documentation Laura Dietrich, modeling Max Haibt; tactile and optical analyses Laura
Dietrich).
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FIGURE 4.13. Spatial distribution of the types (©OLaura Dietrich).

the “rough” and “flat” zones as they were detected by CloudCompare measuring the roughness as
a geometrical characteristic of each point of the surface was calculated (FIGURE 4.12). Connected
areas of smooth points detected with this algorithm were considered to represent the growing
flat zone (FIGURE 4.12/5) which was previously detected through tactile and optical analyses. All
numerical data can be found in Dietrich and Haibt 2020. A larger flat zone formed immediately
after one WU (constituting 10% of the working face; FIGURE 4.12/1) and continued to grow up
to 15% of the working face after three WU (FIGURE 4.12/2). Then, after another four WU, the flat
areas decreased in comparison with the previous stage trough the breakage of some small flat
zones directly on the edge, but continued to remain generally larger than at the beginning of the
work (13% of the total working area; FIGURE 4.12/3). Simultaneously, the margins and the edges
became perceptibly smoother and visibly shinier. Obviously, the flatness, including the area on the
margin and edges (FIGURE 4.12/5) is growing, but not linear. Further data sets must be produced
to understand the progression of the flattening better. However, assuming a growth of 1.959%
per working unit, as would be calculated for a linear extension, a lower limit of 29 WU for the
formation of the preserved surface of the Neolithic handstone with a proportion of 57% flat versus
43% rough surface (FIGURE 4.12/4), assuming its exclusive use with pendular motions for the
production of fine flour was calculated, and also confirmed during EP1. This calculation would not
work for multifunctional handstones, including those used to produce coarse flour. The calculation
is confirmed by simply measuring the width extension of the flatter zones on the margins and
edges after each working unit and comparing it with the flatter zone of the Neolithic handstone
(FIGURE 4.12/4: marked with intense, continuous blue on the margins and 5: marked with blue).

These quantitative methods allow the determination of a lower limit of WU based on the width
and grow of this area but fail - despite of modeling attempts - to reconstruct the complete use-
live of the handstone analyzed. However, all other handstones display wear bands under 0.5cm
width indicating rather short uses to produce fine flour. It remains questionable if the calculated
amount of 29WU necessary for a formation of wider wear bands starting with 0.6cm and up to
1.4cm could be declared as upper limit for the formation of thinner zones. Also, there are some
other factors affecting the progress and proportion of flattening, like the initial convexity of the
surface or mixed use-ways including the processing of coarse flour with circular motions, which
would deform the surface through extensive flattening both of margins and center. More data sets
are necessary to analyze all options (work in progress).

Shape and surface deformation: wear markers as basis for functional interpretations

This section analyzes the linkage between shape and surface deformation and microscopical
wear markers as the basis of the functional interpretation. As shown above, type 1 with relatively
symmetrical profiles of different grades of convexities is most frequent, making up for almost half
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margin

margin

FIGURE 4.14. Above: Microwear from replica L10 (5-8) used to grind coarse flour and from the Neolithic handstone
00_000034 (1-4). Note the similar topography on the center and margins and the wear-marker for coarse flour: erratic
short gouges on flattened and sinuous topography. Below: Macrotopography from both replicas L13 (9-10) and L10 (11-
12) showing different wear-markers for fine and coarse flour (©German Archaeological Institute and Laura Dietrich,
microscopical analyses Laura Dietrich, different magnifications). D-DAI-IST-GT19-LD-0015-0019.
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FIGURE 4.15. Microwear from replica L13 (9-12) used to grind fine flour and from the Neolithic handstones 18_000139
(1-4) and 00_000028 (5-8). Note the typical wear-marker for fine flour: thin striations on flattened high topography on
the margins (Nr. 3-5, 7-12) visible at different magnifications both on the Neolithic handstones and on the replica. They
are not present in the center (2, 6), where short erratic gouges dominate (©German Archaeological Institute and Laura
Dietrich, microscopical analyses Laura Dietrich at different magnifications, Photos Laura Dietrich). D-DAI-IST-GT19-
LD-0020-0029.
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SF1 SF 2 SF3 SF 4 SF5 SF 6 sintered | uncertain
/not used

102 134 49 19 12 0 57 91

TABLE 4.5. Distribution of the surface deformations on handstones of type 1.

of the analyzed objects (42%) followed by type 2 with almost a quarter of the finds (22%). All other
types are present in rations of 10% or less (FIGURE 4.13).

Type 1

464 handstones could be redocumented, 37 of them are completely preserved. They were all used,
as surface deformations show. They have an average weight of 691g with a maximum of 1266g and
a minimum of 235g. The average length is 10.97cm with a maximum of 14cm and a minimum of
7.2cm, but most values (28 of 37 objects) are between 9cm and 12cm, thus palm-sized. The average
thickness in the center is 3.6cm with most values either in the range of 3-3.9cm (16) or of 4-4.9cm
(14). Only four examples are thicker (5cm and 6cm). EP1 has shown that a thickness greater than
6cm would limit the possibilities of both circular-oval and pendular motions, and in general of
applying soft pressure because of the increased weight. Thicker handstones would on the other
hand work more effectively with bidirectional motions with hard pressure. The most frequent
surface deformations are SF1 combined with the wear markers WM2 (center to center extended
and margin extended, FIGURE 4.14/1-8; 11-12) and WM3 and SF2 combined with the wear markers
WM1, WM2 (margins) and WM3 (appendices TABLES 1-10, TABLE 4.5, FIGURE 4.15) hinting at a
combined use through circular-oval and pendular motions for the processing of cereals. However,
all flat bands are thin and the profiles symmetrical. Although only the last use stage can be
analyzed, the uniform deformation suggests that circular and oval motions were predominant
(FIGURE 4.16: reconstruction) while pendular motions were carried out only occasionally (FIGURE
4.17: reconstruction). The use-live of the handstones cannot be calculated, neither on the original
nor on the experimental objects. As can be reconstructed from EP1 and EP5 the initial thickness
could have been between 4-5.9cm meaning an average erosion of around 1cm with a maximum
of 2cm. However, this is just an estimation based on the handling comfort and does not take
individual erosion and accidental breakages into account. The attempt to reconstruct complete
use biographies fails in the case of these handstones.

Summing up, the reconstruction of the function of handstones of type 1 as tools mainly for
processing cereals to coarse flour, and occasionally to fine flour is very probable. The proposed
wear-scheme with the combination between shape and surface deformation and the experimental
results is shown in FIGURES 4.16 and 4. 17. In addition, the presence of WM 5 on four examples
attests the occasional processing of ochre. WM 4 is present only on two handstones. Long-term
experiments will show whether SF3 and 4 are highly used stages of SF1 or results of grinding other
materials.

Type 2

256 finds could be re-documented of a total of 301 finds. 32 of them are completely preserved. They
have a medium weight of 629g with a maximum of 1567g and a minimum of 279g (the latter object
was most probably a failed tool; its surface is unused). Due to its specific shape the weight variation
is broader than in type 1. Most objects are used, as surface deformations show. The average length
is 10.5cm with a maximum of 15.8cm and a minimum of 6cm, but most values (24) lie between 9cm
and 12cm. Thus, this type is also palm-sized.

Type 2 is wedge-shaped. The average thickness at the thicker side is 4.4cm but the thinner side is
more variable, between 1cm and 3cm. Possibly this variation mirrors manufacturing processes and
not wear as already discussed above. Type 2 can be held better with the fingers on the thick side.
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Handstones of type 1: reconstruction of use

Short time use?
WM2 on C and CE
WM3 on WM2

Long time use?
WM2 covering
WM3 on WM2

01_004635

96_000048

WM2: macrophoto
* ; 5 Yo 3

WM2: microphoto

Boags ot

Coarse flour Uniform pressure:

symmetric profile

Symmetric profiles

Short time use? Long time use?
Convex working face; thick profile Flak werking tace: thin prerile

FIGURE 4.16. Reconstruction of use for handstones of type 1: processing of cereals to coarse flour (©German
Archaeological Institute and Laura Dietrich, Photos Laura Dietrich).
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Handstone of type 1: reconstruction of use

Short time use
WM2 on M and ME
WM1 on WM2

18_000139

00_000034

WM1: macrophoto WM?1: microphoto

¥

Fine flour

Pendular motion, short time use
symmetric profile

Salt handstone

Svmmetric profiles

Short time use for fine flour? Mixed use for coarse and fine flour?

FIGURE 4.17. Reconstruction of use for handstones of type 1: processing of cereals to fine flour (©German
Archaeological Institute and Laura Dietrich, Photos Laura Dietrich and Hajo Hhler-Brockmann).
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Handstone of type 2: reconstruction of use

WM2 on M and ME
WM1 on WM2
Wedge-shaped profiles

18_000191 05_003059

Pendular motion
assymetric profiles

98_000262

Fine flour

On flat surface

In depressions

Salt handstones

Assymetric profiles

On flat surfaces? In depressions?

FIGURE 4.18. Reconstruction of use for handstones of type 2: processing of cereals to fine flour (©German
Archaeological Institute and Laura Dietrich, Photos Laura Dietrich).
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Handstones of type 2: reconstruction of use

97 001270 96 001251 01_004844

WMZ2 irregular
WM1 and WM3 on WM2
Mixed use?

FIGURE 4.19. Reconstruction of use for handstones of type 2: mixed use for coarse and fine flour (©German
Archaeological Institute and Laura Dietrich Photos Laura Dietrich).

SF1 SF 2 SF 3 SF 4 SF5 SF 6 sintered | Uncertain
not used
62 82 17 10 18 1 41 27

TABLE 4.6. Distribution of the surface deformations on handstones of type 2.

SF1, in combination with WM3 (appendices TABLE 2, TABLE 4.6) appears on 24% of the analyzed
handstones indicating the processing of cereals to coarse flour with circular motions. The most
frequent surface is SF2, detected on approximately one third of the objects in combination with
WM1 (appendices TABLE 2), indicating pendular motions carried out to process cereals to fine
flour (FIGURE 4.18). Although both EP1 and EP5 clearly indicate a similar deformation of the profile
through long-time use (chapter 3), the real use-time for the processing to fine flour cannot be
estimated as, like stated above, the original shape may have been already asymmetrical. Also,
despite quantification approaches (EP1, chapter 3) the modeling of the reduction of thickness
(FIGURES 4.7, 4.12) cannot provide an estimate of the respective use-lives. WM 4 and WM 5 are
attested only rarely, each on two objects in combination with SF5. In addition, SF 5 can possibly
represent mixed use for fine and coarse flour (FIGURE 4.19). More than one third of the objects
cannot be classified due to bad preservation.

Type 3

Type 3 is rarely attested with a total of nine pieces. Handling experiments with original pieces
indicate that holding with two hands, perpendicular on the long sides, would be most effective
from a haptic point of view for handstones of this shape. However, handling with one hand with
the fingers placed on the long sides would also work, allowing a transversal or even a circular
motion on plain netherstones. However, the presence of SF2 (TABLE 4.7) rather indicates pendular
motions. In comparison to other two-handed handstones (types 4 and 10), handstones of type 3 are
light and can be easily moved with pendular motions. The lengths of the preserved objects fit with
the width of the deformations of netherstones of type E4 indicating most probably the processing
of grains to fine flour, but microscopical analyses have not been conducted.
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SF1 SF 2 SF3 SF 4 SF5 SF 6 sintered | uncertain
0 2 0 0 1 0 0 0

TABLE 4.7. Distribution of the surface deformations on handstones of type 3.
Type 4

Type 4 comprises large, oval boulders used as two-handed handstones. 17 finds could be
redocumented. The completely preserved handstones have weights between 2kg and 4kg and
are up to 25cm long and 11cm wide. Their thickness measures between 6.5cm and 10cm. These
handstones can only be moved with two hands either with bidirectional motions or with pendular
motions, which would be more difficult. Most probably they were used through bidirectional
motions in combination with flat, narrow netherstones that stood oblique (chapter 5, type NB and
reconstruction). SF1 and SF4 predominate (TABLE 4.8). The high weight of the handstones would
constitute an advantage when used for the processing of cereals to fine flour. However, the possible
presence of WM1 on the working faces was not microscopically tested yet.

SF1 SF 2 SF 3 SF 4 SF5 SF 6 sintered | uncertain
5 1 1 4 1 0 2 3

TABLE 4.8. Distribution of the surface deformations on handstones of type 4.
Type 5

Type 5 is rarely represented in the find assemblage but its preservation may have been affected by
its specific shape and use. Five complete handstones of 5-6.5cm and weights between 130g-300g
were found. All of them have SF5 (TABLE 4.9) and in two cases WM 4 and WM5 were observed
on more than one side. These handstones were produced and used as pounders and grinders for
ochre. They were likely used by holding the handstone, which has the form of a small ball, with a
hand and using vertical pounding and circular grinding motions with one or more of its sides. Most
probably, most type 5 handstones were destroyed through use and are not detectable anymore in
the archaeological record. Theoretically they can be used in combination with small plates (SP),
which have ochre residues (WM 5) and were probably used as lap stones (chapter 5) but unmodified
lime slabs or the limestone banks could have been used as well. In one special context a handstone
was positioned on a netherstone of type 1 (LB) with a depression of type D5 immediately next to a
pillar, together with another set of grinding stones (see below for contextual analysis). However,
no ochre was found on the surface of the nethertstone. In this case, the context most probably
indicates a deposition after the end of the use-life of the tools.

SF1 SF 2 SF 3 SF 4 SF5 SF 6 sintered | uncertain
0 0 0 0 5 0 0 0

TABLE 4.9. Distribution of the surface deformations on handstones of type 5.
Type 6

123 finds belong to this more heterogeneous category whose common attributes are the D-shaped
to triangular sections, meaning a thick center and thinner sides. Most of the objects are broken
into small fragments and in several cases (TABLE 4.10) sinter covers the presumed working faces.
In these cases, it is not possible to tell if the objects are used handstones or blanks, as the majority
of type 6 handstones have been not been produced intentionally but used in their naturally
occurring shape. An example for the difficulty of classification is object nr. 98_004657 whose flat
side is sintered. Probably, this group consists of ad hoc tools with different degrees of use and
unused blanks.
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Only two handstones show shaping of the sides consisting of a rough adjustment through flaking
in order to assure a more efficient handling. In their case the hand would be put on top with
the small finger and thumb on the flaked sides, similar to a computer mouse. The handstone can
then be moved either transverse, circular or straight. The specific shape of the profile would make
pendular motions more difficult as the center of gravity is low. The characteristics of the shape
are mirrored in handling and in the surface deformations. SF1 (circular motions) dominates while
SF2 (bidirectional/pendular motion) is rarer. Also, SF5 which would form by transverse motions
is represented more frequently than in other types. Three completely preserved examples have
lengths between 11cm and 17cm, widths between 8.6cm and 11cm and a thickness between 4cm to
6cm, the smallest has only 5.5cm x 5.6cm x 5.5cm. WM 5 was observed on four handstones but the
objects were not analyzed microscopically. A combined, multifunctional use for these ad hoc tools
could be taken into consideration but microscopical analyses should be performed to secure this
interpretation.

SF1 SF 2 SF 3 SF 4 SF5 SF 6 sintered | uncertain
30 11 12 11 15 1 23 20

TABLE 4.10. Distribution of the surface deformations on handstones of type 6.
Type 7

Handstones with oval sections are in the minority. The shape could represent a preliminary stage
of handstones of type 1, at least in some cases. Only one handstone is preserved completely with
a length of 12cm, a width of 6.5cm and a thickness of 6 cm. SF1, 3 and 5 are attested (TABLE 4.11).

SF1 SF 2 SF3 SF 4 SF5 SF 6 sintered | uncertain
2 0 2 0 4 0 5 5

TABLE 4.11. Distribution of the surface deformations on handstones of type 7.
Type 8

Is similar to type 7 but the margins are thin. The shape could represent in some cases a preliminary
stage of handstones of type 1 used with pendular motions. SF 1, 2, 3 and 5 are attested (TABLE 4.12).

SF1 SF 2 SF3 SF 4 SF5 SF 6 sintered | uncertain
1 1 3 0 3 0 5 3

TABLE 4.12. Distribution of the surface deformations on handstones of type 8.

Type 9

24 finds possibly used as handstones have irregular shapes and various surfaces (TABLE 4.13).

SF1 SF 2 SF3 SF 4 SF5 SF 6 sintered | uncertain
0 3 1 1 5 0 5 9

TABLE 4.13. Distribution of the surface deformations on handstones of type 9.
Type 10

Type 10 is represented by 53 large flat to oval two-handed handstones. Seven artefacts are
completely preserved, the smallest measures 15cm x 13.5cm x 4.1cm and the largest 21cm x
13.5cm x 7cm. The two smallest values overlap with the largest handstones of type 1 but type 10
handstones are heavier and difficult to use with one hand. Nevertheless the two objects could be
considered as belonging to both categories. Most of the objects classified as type 10 have lengths
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FIGURE 4.20. Notched boxplot with the lengths of the complete and
fragmented handstones of types 1 and 2 (©Laura Dietrich).

between 17cm and 21cm and weights between 2049g and 3537g. They are thus clearly meant to be
moved with two hands. Handling experiments with the originals has shown that both circular and
bidirectional, flat or pendular motions are possible. These broad possibilities are mirrored in the
various surface deformations attested (TABLE 4.14), although SF1 is most frequent. A handstone
of this type can be used on a flat surface, for example in the first use stages of a long boulder (LB
in chapter 6) with circular and bidirectional motions or on a narrow boulder (NB in chapter 6)
with bidirectional motions. In one case (nr. 20_00011) the deep deformation E4 on a LB was wide
enough (19cm) to allow the use of a handstone of type 10 with bidirectional and pendular motions.
Microscopical analyses were not carried out. In one case the presence of WM4 was observed.

SF1 SF 2 SF3 SF 4 SF5 SF 6 sintered | uncertain
13 5 2 2 6 0 10 13

TABLE 4.14. Distribution of the surface deformations on handstones of type 10.
The preservation of the finds

Only 7% of the finds are preserved completely. No signs for intentional fragmentation were
observed, a practice known from other Neolithic sites (for example, in the PPNB settlement
from Baja pestles were systematically destroyed with an oblique blow, personal communication
Martin Ranger), so that most probably the high degree of fragmentation can be explained by a
combination of use, erosion and post-depositional processes (see below contextual analysis). The
analyses show that all one-handed handstones of types 1 and 2 were predominantly fragmented in
their middle part (FIGURE 4.20) based on the average values of the complete (left) and fragmented
(right) objects. There are no long-term experiments on wear and use-lives of handstones of basalt
but this kind of breakage could be rather indicative for accidents due to mobility of these tools
during use (grabbing/putting down/grabbing again/transport) than for a result of prolonged use.
Scar marks are missing, which further points in that direction. Grinding - no matter with what kind
of motion - does not cause weakening or rupture of the matrix in the middle but rather on the sides
and corners, as both EP1 and EP5 show. As they seem not to be related immediately to practical use,
breakage patterns will be analyzed experimentally in future research separately from this study.

Contextual analyses

Handstones are small objects in comparison with the netherstones, and also play the role of the
active part in the grinding gear. Experimental research and ethnographic evidence show that
handstones are worn down much faster than netherstones and are more frequently discarded and
replaced (Hayden 1987; Wright 1993). The fragmentation could indicate a relatively large incidence
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Buildings and supposed Number of Handstones: disposition in the room fillings Quantity
chronological position handstones Zone 1 176
Rectangular buildings (PPNB) 472 Zone 2 105
Monumental buildings (PPNA- 1400 Zone 3 41
PPNB) Zone 4 and 5 8
Round structures 258
) Zone 6 6
(PPNA-PPNB, uncertain)
Zone 7 136

TABLE 4.15. Chronological distribution of the
& TABLE 4.16. The distribution of the handstones in the

analyzed finds
y rectangular buildings and outside (except the fills of the
monumental buildings).
200 350
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40 +—
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20 L] l
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Zone 1 Zone 2 Zone3 Zonedand5 Zone 6 Zone 7 Layers 25-23 Layers 12-24 Layers I-11
FIGURE 4.22. The distribution of the handstones in the FIGURE 4.23. The distribution of the handstones in the
rectangular buildings (©Laura Dietrich). monumental buildings (©Laura Dietrich).

of tools broken by accident, in addition to post-depositional factors. Broken handstones cannot be
repaired or reused, as the fragments are too small.

Discard practices and formation of room fills have not been studied in detail yet at Gobekli Tepe.
For the present study rectangular buildings and monumental buildings were analyzed separately.
The small round buildings of a so far uncertain chronological position have not been taken into
account for the contextual analysis. The main excavation area is the focus of the analyses as the
north-western area has not been studied extensively yet. The spatial distribution can be seen in
TABLES 3.1, 4.16 and FIGURES 4.21-4.23. In addition to handstones, contextual information on the
netherstones and pestles was added for comparison.

For a better understanding all components of the grinding sets are discussed together here (see
also chapters 5 and 6). Generally, rectangular and apsidal buildings contain up to 15 grinding stones
within their preserved fills, with up to four handstones, pestles and netherstones on the floor
levels (zones 3-5; FIGURE 4.22, TABLES 4.16, 4.17). Almost half of all the grinding stones discovered
inside buildings come from the uppermost filling and the plough horizon (zone 1) with proportions
varying for different types of artifacts: around one third of the handstones and netherstones and
more than half of the pestles. A further quarter of grinding equipment was found within zones 2
and 3 (upper and middle parts of the building fillings), the proportions of netherstones were the
highest here. Only 3% of the total number of grinding tools were found on floor levels (zones 4 and
5), with more netherstones than handstones and pestles. 10% of the grinding tools stem from the
filling immediately above the floor (zone 3). While these general observations - a low percentage
of in situ finds and differences in the stratigraphical distribution of different object categories
- hold true for all buildings, the composition and thickness of fillings differ, which could imply
heterogeneous formation/refilling processes. A sample of buildings (7-9, 25, 16 and 38) with well-
preserved fillings from different parts of the main excavation area is thus discussed in detail here
to check the distribution pattern and further contextualize the grinding equipment (TABLE 4.17).
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Grinding stones in buildings Handstones Netherstones Pestles
L10-51*
Building 25** 5 1 6
Building 27** 0 3 2
Building 28** 2 1 6
Building 24** 0 1 0
Building 29** 0 0 2
L10-61*
Building 36** 0 1 0
L10-71*
Building 38** 1 1 1
L9-80*
Building 17** 0 2 1
Building 18** 3 0 1
Building 19** 1 1 2
Building 20** 1 2 2
Building 16** 38 12 13
Building 96** 0 0 1
L9-79*
Building 12** 6 3 6
Building 13** 9 0 1
Area in front of complex 16 69 16 26
L9-70*
Building 50** 0 0 0
Building 47** 0 1 0
L9-60*
Building 44** 0 1 0
Building 43** 0 3 0
Building 45** 0 2 0
L9-59*
Building 55** 1 0 0
Building 59 and 60** 0 3 0
L9-56*
Building 9** 16 24 6
Building 7** 4 7 0
Building 8** 19 12 6
L9-55%
Building 2** 0 1 0
Building 3** 0 1 1
Building 5** 1 0 0
Building 4** 0 0 1
Building 1** 1 1 0
L9-97*
Locus 8** 1 0 0
Locus 9** 8 0 0
Locus 33** 5 0 0
Locus 2.4** 11 0 9
L9-96*
Building 84** 0 2 0
Building 81** 2 3 1
Building 80** 2 0 2
Building 83** 0 0 1
Area on the terrace 26 4 28
L9-37*
Building 115** 2 8 0
L9-27*
Building 120** 0 8 0
L9-07*
Building 134** 4 9 0
K9-97*
Building 147** 2 3 0

TABLE 4.17. Distribution of grinding stones in a selection of buildings in the main excavation area.
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FIGURE 4.24. Rectangular buildings with grinding equipment (©German Archaeological Institute, Photos Klaus
Schmidt). DAI-IST-GT99-KS-N02-15; DAI-IST-GT99-KS-D1401; DAI-IST-GT01-KS-N16-12; DAI-IST-GT98-KS-D980004;

Building 9 lies on the southwestern slope above Building B (FIGURE 4.24B, 4.25). The building
measures 5.80m x 3.60m with walls preserved up to a height of 2m and has four pillars. The
stratigraphical analysis revealed evidence of four rebuilding phases and relatively fast refilling
after the end of use (Kurakpat 2005). 46 grinding stones were found within the building fill. Only
three complete handstones of type 1 and a completely preserved stone platter (chapter 7) were
found on the floor, the plate in front of two of the pillars. Fragments of netherstones and pestles
were found in the fill above the floor. Most of the grinding stones, all of them fragmented, come
from the middle and the uppermost part of the building fill, which includes roof collapse and
wall erosion. Two adjacent buildings are described here mostly to illustrate the agglutinating style
of buildings, although both have only been partly excavated so far. Building 8, which shares a
common wall with Building 9, has a similar shape and size, but (at the current incomplete state
of excavations) only one pillar. Most grinding stones again come from the middle and upper part
of the filling, too. One complete handstone was found on the floor next to the pillar. This hints
at a similar situation as observed in Building 9. The adjacent building to the south, Building 7,
has a common wall with Building 8. One complete handstone was found on its floor. A similar
general distribution of grinding tools within the infill zones was noticeable in buildings on the
southwestern hilltop (TABLE 4.17), where the wall-by-wall rectangular architecture from the
main excavation area continues. However, more netherstones were found directly on the floor. In
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FIGURE 4.26. Area K9-97 with Building 147 (old number 5) (©German Archaeological Institute, Photos Klaus Schmidt).
D-DAI-IST-GT08-KS-N07-0004, D-DAI-IST-GT08-KS-N07-0004, D-DAI-IST-GT08-KS-N11-0005, D-DAI-IST-GT08-

KS-N12-0006.
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FIGURE 4.27. Area L9-07 with Building 134 (old number 17) (©German Archaeological Institute, Photo Klaus Schmidt).
D-DAI-IST-GT12-KS-3364.

FIGURE 4.28. Handstones under a large limestone boulder in front of the pillar in building 134 (©German
Archaeological Institute, Photo Klaus Schmidt). D-DAI-IST-GT12-KS-2798.
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FIGURE 4.29. Sets of grinding stones at the pillar in area L9-27 (©German Archaeological Institute, Photo Klaus
Schmidt). D-DAI-IST-GT12-KS.

Buildings 147 and 134, for example, complete handstones and netherstones were discovered on the
floors next to the pillars (FIGURES 4.26-27), while other grinding stones are concentrated in the
middle and upper parts of the filling. The exact position of the handstones was not documented
in each case, but in building 134, for example, the situation with two handstones under a large
limestone boulder (FIGURE 4.28) could be interpreted as a post-use depositional act, while in area
L9-27, Room 119 sets of handstones and netherstones at the pillars could actually represent in
situ finds describing activity areas in this room (FIGURE 4.29). However, these are exceptions and
most handstones as well as the find position of some netherstones (chapter 5) suggest rather a
displacement from the roofs into the inner fill.

Building 25 lies high on the northwestern slope to the northwest of Building D in a cluster of
apparently contemporaneously used buildings (Kurapkat 2005) (FIGURE 4.24A). 1t is only slightly
rectangular with dimensions of 4.20m x 3.60m and walls preserved up to 1m height. All 12 grinding
stones, except a large boulder, were found in the middle and upper parts of the fill within roof
collapse and wall erosion. The netherstone was found on the floor near a wall protrusion made
of worked stones, a construction which sometimes replaces pillars in Gobekli Tepe’s buildings
(Kurapkat 2005) while handstones are missing from the assemblage. Most of the buildings on the
northern slope show the same distribution, although their fillings are not similarly well preserved.

Two buildings seem to deviate from the pattern observed so far. Building 16 lies north of Building
D. It has four pillars, walls preserved up to a height of 2m, measures 3.8m x 3.6m and is again part
of a cluster of partially contemporary, partially later constructed smaller, up to 2m long, buildings
(Kurapkat 2005) (FIGURE 4.24C). 63 grinding stones were found inside the building, together with
the small adjacent buildings the number of finds rises to more than 100. The fill shows consecutive
layers of erosion and collapse. Grinding stones were found both in the middle and lower parts of
the fill; a concentration was observed in the last 50cm of fill above the floor. A netherstone and
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FIGURE 4.30. “Fallen” grinding stones in area L9-27 (©German Archaeological Institute, Photo Klaus Schmidt). D-DAI-
IST-GT12-KS-PXL-8664.

a stone vessel were found on the floor next to one of the pillars. Almost all types of handstones
as well as some blanks for the production of handstones were present. It seems that this building
had a special function either regarding grinding or the production of grinding stones, maybe a
workshop. In any case, the massive presence of grinding stones within the last 50cm of sediments
above floor level possibly indicates the long-term specialized use of the building.

Building 16 is one of the largest completely excavated. But the size and amount of infill do not
account for the amount of grinding equipment recovered, as a comparison with the even larger
Building 38, the so-called leopard-pillar building (0. Dietrich and Schmidt in print; Kurapkat 2015;
Schmidt 2012), shows. Building 38 is situated on the highest point of the northern slope to the
north of Building 16, has four freestanding pillars and two more that are incorporated into the
walls (FIGURE 4.24D). Two of the freestanding pillars have reliefs of jumping leopards. The building
measures 6.6m x 4.4m, its walls are still up to 2.10m high. It shows several successive rebuilding
phases, which have already been analyzed in detail elsewhere (Kurapkat 2015). There are only
three grinding stones in the uppermost fill from this large and long-used building, most probably
displaced. The lack of grinding stones may be explained by the special function of the building,
indicated by its decorated pillars which are among the very few examples from the rectangular
buildings that show images in the fashion of the older pillars from the monumental buildings (O.
Dietrich and Schmidt in print; Kurapkat 2015; Schmidt 2012).

To sum up, although many rectangular buildings show similarities, there are deviations, both with
significantly higher and lower numbers of finds. Many buildings are on the same stratigraphical
level but have multiple floor levels. In numerous cases, excavations have stopped at the uppermost
floor level. Establishing the contemporaneity of floor levels between several buildings is difficult,
which hinders estimating the overall number of grinding stones used at the site at a given moment.
Further, building interiors are not the only, and possibly not even the most important, locations for
grinding cereals. Outside the buildings a large quantity of grinding stones, especially handstones
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and pestles, were found in the open areas (zone 7) between the square buildings and the circular
buildings (FIGURE 4.21). The distribution analysis within buildings shows that most grinding stones
were in the upper layers of infill, in some cases above roof collapse, and indicates that grinding
and processing of cereals most probably took place on the roofs in addition to the outside areas.
Especially light hollowed netherstones (chapter 5) are of interest as they were found ‘fallen’ in four
cases, lying upside down in the upper fills, indicating that they had most probably originally been
placed on flat roofs (example in FIGURE 4.30). The stereotype finds of complete grinding stones
(especially handstones) on floor level, specially positioned next to the pillars could, in contrast,
represent the intentional deposition of these stones at the moment a building was abandoned,
as other in situ finds are conspicuously scarce on floor levels. Gobekli Tepe has produced clear
evidence of the intentional deposition of other items of material culture, especially of sculptures
and relief fragments (Becker et al. 2012; L. Dietrich et al. 2019). The majority of the handstones
from the rectangular buildings have SF1 and SF2 and the wear markers WM1-3 attesting massive
processing of cereals to coarse and fine flour.

If the rooftops and open spaces on the terraces around the low-lying hollow with the monumental
buildings (Kurapkat 2015) may be assumed to be loci for grinding, then this setting could hint at
a connection between the work performed and the monumental buildings. Maybe the grinding
was done for actions inside or to commemorate these buildings or associated beliefs. The lower-
lying hollow with the monumental buildings was accessible via stairs incorporated into the terrace
wall, as already pointed out (Kurapkat 2015). Of course, this scenario remains hypothetical at the
moment.

The distribution of handstones in monumental Building D (FIGURE 2.2, 4.23) was selected as a
case study, as the other circular buildings are either partly disturbed by post-Neolithic activities
(C and H) or incompletely excavated (A and B). The biography of Building D is complex, as already
explained in chapter 2. The completely excavated ring wall with 11 pillars in situ and two central
pillars very likely represents the last stage of a long building history. Kurapkat observed traces
of a second, older ring wall to the south of the inner wall (Kurapkat 2015) and a deep sounding
immediately to the north of the building revealed a likely segment of the same wall (Schmidt 2013).

In chapter 2 the case was made for a partly intentional backfilling of the building (FIGURE 2.2,
layers 6-11) and the subsequent complete refill through erosion from higher-lying parts of the
mound (FIGURE 2.2, layer 12-24), followed by five further sloped layers that completely covered
the building (FIGURE 2.2, layers 26-29). The two uppermost of these layers were disturbed by
ploughing. The distribution was analyzed separately for these three zones. Most grinding stones
with percentages between 70% (handstones) and 82% (netherstones) lie in the erosion layers
(FIGURE. 2.2, layers 12-29) above the actual filling (FIGURE 2.2, layers 1-11). The uppermost filling
(FIGURE 2.2, layers 25-29) contained significantly less handstones and pestles than the erosion
levels below (12-24) but the percentages are inverse for netherstones. These layers likely represent
dislocated sediments and objects from the surrounding terraces. Maybe from these layers larger
objects were picked and reused or discarded.

Only between 18% (netherstones) and 30% (handstones) of the finds lay inside the building’s
walls, as they are preserved today (FIGURE 2.2, layers 6-11), and only 6% (netherstones) to 13%
(handstones) were found in the block of probably intentionally infilled sediments (FIGURE 2.2,
layers 6-10) above the bedrock on which the building was founded. As mentioned, this particular
part of the filling seems to be intentional infill following the last stage of the building’s use-life. All
81 handstones and 13 netherstones from layers 6-10 were fragmentary, with the exception of one
complete handstone of type 2, found immediately above the floor (Layer 6), which had ochre on
its surface (of surface type S5) (FIGURE 4.31). Three more handstone fragments from here (Layer
1) show traces of ochre. Surfaces with ochre and irregular use-wear seem thus to be associated
with the use of the monumental buildings. Both surfaces SF1 and SF2, as well as SF5 and WM1, WM
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4 and 5 on handstones from the inner filling were attested. Processing of ochre and, in a smaller
scale than outside, the processing of cereals are thus both attestable for this monumental building,
while evidence for ochre is missing so far from the rectangular buildings. This is interesting, as
finds of ochre had already been made in Building D. Both central pillars of Building D stand in
sockets within pedestals cut from the bedrock. In each one of the sockets, sediments mixed with
ochre and a fragment of a netherstone and a pestle with WM5 were discovered. A fragmented plate
with ochre stood in front of Pillar 18, the eastern central pillar (chapter 6). No traces of pigments
have been observed on the pillars so far, but the insights gained from the study of grinding stones
imply that analytical methods should be used to detect such traces in the future. Use of red, white
and black pigments is, e.g., attested in contemporary burials from Kértik Tepe (Erdal 2015).

FIGURE 4.31. Handstone 18_000358 found on the floor next to pillar 18 in monumental
Building D (©German Archaeological Institute, Photos Laura Dietrich). D-DAI-IST-GT18-

LD-0030.
&
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PLATE 4.1. Handstones (©German Archaeological Institute, Photos Laura Dietrich)
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PLATE 4.2. Handstones (©German Archaeological Institute, Photos Laura Dietrich)
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PLATE 4.3. Handstones (©German Archaeological Institute, Photos Laura Dietrich)
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