
characterized by the disappearance of the lower slopes
(< 24.2°), and the leveling of the higher ones (Fig. 4b).

After being used, the surface is characterized by an
increase in its homogeneity (mean roughness value
0.00015) (Fig. 4d). The top area of the surface resulted
more heterogeneous than the lower one. Here, indeed,
low roughness areas are rare, and when observed at
high magnifications, use-related micro-pits are visible,
while no diagnostic polish was identified. On the con-
trary, the lower portion of the surface resulted more
homogeneous, characterized by medium-sized (mean ar-
ea 0.3 cm2) low roughness areas rarely connected within
each other and dispersed across the utilized surface of
the groundstone (density 0.15 cm2). At high magnifica-
tions, only the upper portions of the grains appeared
leveled, and smooth flat polishes, bearing a spot-like

distribution, are visible, often associated to long micro
striations (Fig. 5e, f).

Residue spatial analysis

With the naked eye, macro residues are packed over the upper
portion of the groundstone surface. On Surface-B, a total of
1181 units between intact and damaged starch granules were
identified. The count of undamaged starches sums up to
1174 units, with the higher number of granules (n. 835) iden-
tified in square 2. This area of the surface was mostly utilized
to pound Rumex crispus roots. Over the lower portion of the
groundstone surface, which was primarily exploited to grind
the pounded roots (squares 4, 5, and 6), a smaller amount of
intact starch granules was observed (Fig. 6c, d).

Fig. 6 Residue distribution across the two surfaces of the groundstone
utilized to process curly dock (Rumex crispus) fruits and roots. a, b
Granules with suboval/subtriangular in 2D, longitudinal fissure associat-
ed to curly dock root processing by pounding. Notice the preservation of

an almost intact amyloplast cell with starch granules still lodged in it. c, d
Polyhedral starch granules characterized by a central depressed hilum and
no lamellae associated to curly dock fruit grinding. Notice the presence of
intact, damaged starches as well as lumps of granules
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Experiment no. 5—downy oak (Quercus pubescens)

Surface morphometric analysis

One face of the groundstone was used during the exper-
iment. At first, the acorns were pounded and subse-
quently ground, utilizing two different areas of the sur-
face. At its natural state, the groundstone surface topog-
raphy is characterized by low slopes (mean 18.1°). A
scarp (55.2°) is present, running across the surface with
a North-South direction. On the top right-hand corner of
the surface, a small natural depression is present, which
has proved its usefulness during the experiment for
holding the acorns to be crushed (Fig. 7a). After being
used, a slight increase in the mean slope value was
recorded (from 18.1° to 18.6°). After its use as a base
to process acorns, new low slopes ranging between
11.6° and 17.2° developed across the surface in partic-
ular over the right side. Moreover, the natural scarp
present on the surface left portion resulted to be less
steep (31°), and the low slopes surrounding it before
the use became heavily leveled or disappeared
completely (Fig. 7b). This latter phenomenon was
caused by the grinding activity, which was performed
over this area of the groundstone surface.

The topography of the groundstone at its natural state is
homogeneous overall, exhibiting a mean roughness value
of 0.0002 (Fig. 7c). The higher roughness values (>
0.000852) were recorded in proximity of the natural scarp
running across the surface. After being used, the overall
degree of homogeneity remained very similar to its natural
one, decreasing from 0.0002 to 0.00019 (Fig. 7d).
Although the difference in roughness values was minimal,
two phenomena can be recognized through the analysis of
the pre and post use roughness DSMs of the groundstone.
The values characterizing the natural scarp were lower than
the ones recorded before the experiment, ranging between
0.000139 and 0.000346. However, this decrease in the
higher roughness values was compensated by the develop-
ment of new heterogeneous areas especially in the portion
of the surface utilized to crush acorns and localized over
the upper-right corner and the left-hand side of the
groundstone. Overall, low roughness areas were very small
(mean area 0.002 cm2) and densely distributed (1.5 cm2)
across the groundstone surface. At high magnifications, the
utilized areas of the groundstone exhibited deep macro and
micro-fractures (Fig. 8c), which were visible over the
grains’ surfaces. Spots of smooth domed polish (Fig. 8d)
were also present over the grains and often associated with
long deep micro striations.

Fig. 7 DSMs showing the variation in slope and surface roughness before and after the use of the groundstone to process acorn acorns
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Residue spatial distribution

With the naked eye, macro residues are packed over the
center of the surface ad towards the upper-right natural
depression preset over the surface. A total of 1144
starches have been identified over the sampled areas of
the groundstone surface. Most of the specimens recorded
were intact (n. 1139) while only few damaged starches
(n. 2) and lumps (n. 3) were identified. Starches were
well spread over most of the surfaces, with high concen-
trations of intact granules located both in the areas where
pounding (squares 3 and 4) and grinding (squares 2 and
5) activities were performed (Fig. 9). Spatial distribution
maps show a difference in the amount of identified
starches within the two areas of the surface utilized to
crush acorns. In particular, the depression on the low left
corner of the groundstone yielded a higher amount of
starches than the one localized on the right portion of
the tool’s surface. This variation is rather due to a lower

number of acorns being processed in this latter area of
the surface if compared to the former one than to a
difference in the gesture performed.

Experiment no.13—foxtail millet (Setaria italica)

Surface morphometric analysis

The surface of the groundstone was utilized to process
Setaria italica grains through grinding and pounding. At
its natural state, the surface is characterized by low
slopes (mean 16.6°). Over the left-hand side, the surface
exhibits a natural protrusion characterized by the pres-
ence of slope concentrations ranging between 17° and
40°(Fig. 10a). A similar accumulation is visible as well
on the right portion of the groundstone surface
(Fig. 10). These topographic irregularities correspond
to areas of the groundstone where the surface experi-
enced a natural exfoliation of its uppermost layers.

Fig. 8 Low roughness areas bearing an area of more than 10 mm2. a, b 3D rendering of the low roughness surface areas observed at 50x; c, d use wear
identified through the observation of the low roughness areas at 80x and 200x
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After being utilized, a decrease in the mean slope value
was recorded, from 16.6° to 15.3° (Fig. 10b). The slope
concentrations previously identified disappeared, and an
intense leveling of certain areas of surface (< 2.6°) was
visible. This phenomenon was observed especially over
the uppermost portion of the natural protrusion, which
was the most exploited surface area during the grinding
activity. Some degree of modification was also observed
over the area just on the right of the protuberance. Here,
newly formed flat surface areas were visible along with
intermediate slopes. These latter areas developed in cor-
respondence to the point of contact between the lower
portion of the surface and the natural protrusion. The de-
velopment of new topographic features can be explained
by a continuous contact between the handstone and the
right side of the protrusion, during the grinding activity.

At its natural state, surface topography is homogenous
(mean roughness value 0.0001), with small heterogeneous

areas scattered across the surface (Fig. 10c). After use, a
decrease in the mean roughness value was recorded from
0.0001 to 0.00009 (Fig. 10d). Small (mean area
0.027 cm2) low roughness areas developed, densely dis-
tributed (0.7 cm2) over the uppermost area of the natural
protrusion and the area below it (Fig. 11). At high mag-
nifications, in correspondence of the identified low rough-
ness areas, the groundstone surface appeared leveled
(Fig. 11c). Smooth polishes exhibiting a flat and cratered
topography developed over the top of the grains, often
associated with long deep striations (Fig. 11d).

Residue spatial distribution

With the naked eye, macro residues are widely and ho-
mogeneously dispersed across the groundstone surface.
A total of 2563 starches comprising intact, damaged
specimens and lumps have been identified over most

Fig. 9 Residue distribution over the groundstone utilized to process acorn
acorns of downy oak (Quercus pubescens). a, b Damaged, isolated oval
starch with central fissure. The extinction cross and birefringence are still

clear in polarized light. c, dGroup of simple suboval/subtriangular starch
grains with centric hilum, visible fissure and strong birefringency in po-
larized light
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