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An assemblage of 500 (385 quartz and 115 chert) experimentally knapped artefacts, underwent human
trampling over the course of two weeks by a team of 10e12 excavators wearing soft-soled shoes used
while excavating in the rock shelter. Two zones of trampling were used: Zone 1, a high artefact density,
low trampling intensity, and lower soil compaction and rockiness; and Zone 2, a low artefact density,
high trampling intensity, higher soil compaction and rockiness. The primary questions were to understand the difference in fracture rates and types between the chert and quartz, and the difference between
the zones of artefact density, trampling intensity, and soil density. The results have shown that signiﬁcantly more quartz fractured and were damaged compared to chert, and for both materials there was
signiﬁcantly more breakage in the zone with the higher trampling intensity and higher soil compaction
and rockiness. There was no discerned association between the original artefacts' size or weight and the
occurrence of breakage of the quartz and chert artefacts, except for a very weak association for narrower
and thinner quartz artefacts being more likely to break. Overall, there was relatively little horizontal or
vertical movement of the artefacts over the two weeks, with the largest size ranges moving the most, but
with no signiﬁcant difference in the movement of artefacts amongst the smaller size ranges.
© 2015 Elsevier Ltd and INQUA. All rights reserved.
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1. Introduction
In recent years, experimental approaches for trampling identiﬁcation have grown in archaeological research (Macphail et al.,
2004; Eren et al., 2010; Miller and Sievers, 2012) due to the need
for a correct identiﬁcation and interpretation of anthropogenic
features where activities affecting the integrity of artefacts may
have occurred. While numerous researchers have examined the
fracture mechanics of quartz from the perspective of knapping
(Callahan, 1987; Knutsson, 1988; Tallavaara et al., 2010; Driscoll,
2011a) and the effects of burning (Driscoll and Menuge, 2011),
there has been little attention given to the effects of trampling.
Although Pargeter (2011) has undertaken a trampling experiment
with quartz, this experiment used a limited amount of quartz ﬂakes
and a limited time period of trampling, and a quarter of the ﬂakes
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was buried at a depth of 10 cm, and therefore were not part of a
surface trampling experiment.
In order to remedy this gap in our knowledge concerning the
effects of trampling on quartz artefacts, a large-scale human
trampling experiment was carried out over two weeks in 2013 at
the Upper Palaeolithic rock shelter at Cova del Parco in the Iberian
Pre-Pyrenees. In total, 500 artefacts were placed in two trampling
zones e with 400 in one zone and 100 in the other e 3 m apart in
areas of differing soil compaction and trampling intensity. The soil
composition was investigated through soil micromorphology
samples taken on the last day of the experiment. The two trampling
zones are described as: Zone 1, a high artefact density, low trampling intensity, lower soil compaction and rockiness; and Zone 2, a
low artefact density, high trampling intensity, higher soil compaction and rockiness. The principal questions for the experiment
were:
1. What is the difference in fracture rate between quartz and chert,
and what effect does artefact dimension/weight have on the
fracture rate?
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2. What is the difference in fracture types, including edge damage
and ‘accidental retouch’ between quartz and chert?
3. What is the difference between zones of different artefact
density?
4. What is the difference between zones of trampling intensity?
5. What is the difference between zones of differing soil
compaction?
6. What is the difference between zones in terms of the horizontal
and vertical movement of artefacts, and what effect does the
varying dimensions/weight of artefacts have on this movement?

2. Materials and methods
2.1. Selection of experimental artefacts
An assemblage of 500 experimentally knapped artefacts (hereafter artefacts) were selected for the trampling experiment, with
23% (n ¼ 115) chert artefacts used as a baseline to analyse the
quartz. The quartz is xenomorphic quartz (vein quartz), knapped by
hard hammer percussion from river cobbles collected from the
River Segre in the Pyrenees and the chert was nodular chert
knapped by hard hammer percussion from the Aquitanian Forma n, close to the conﬂuence of the Segre and
tion, collected in Arago
Ebro rivers. The experiment location of Cova del Parco is along the
River Segre in the Pre-Pyrenees. The raw material was knapped and
artefacts were selected from the debitage primarily based on the
variable of maximum length, divided into six size ranges (Table 1).
The divisions into groups provided a proportionally approximate
match based on the artefact length for the variables of artefact
material and for the two zones of trampling, with Zone 1 (see
below) containing 80% of the artefacts.
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The grouped artefacts were divided between the two zones
randomly using SPSS 21.0 (IBM, 2012) random number generator,
with no statistically signiﬁcant differences for the means for the six
variables tested between the two zones for the materials individually or combined (Tables 2 and 3). Ideally, the use of the chert
artefacts as a control would include artefacts of similar dimensions,
but this was only possible for the variables of length and width due
to quartz knapping generally producing relatively thicker, and
consequently heavier, ﬂakes (see Driscoll, 2011a). While the means
between the materials were not statistically signiﬁcantly different
for length, width, or length/width ratio, they were signiﬁcantly
different for thickness, weight, and width/thickness ratio (Table 4).
Therefore, the analysis proceeded cognisant of the fact that the two
materials differed signiﬁcantly in terms of relative thickness and
weight.

2.2. Trampling grids set-up
The artefacts were placed in two 1 m2 zones 3 m apart, with the
two zones devised to represent areas of differing density of artefacts: Zone 1 contained 400 artefacts and Zone 2 contained 100
(Fig. 1). The two zones also represented differences in trampling
intensity, with Zone 1 placed in area of less trafﬁc compared to Zone
2, and areas of differing slope and soil composition (see micromorphology, Section 2.4). Fig. 1 presents a schematic of the
experiment area, showing that Zone 2 was placed in a more
restricted space than Zone 1, which entailed a higher degree of
trafﬁc over it as it acted as a narrow corridor of movement at the
excavation site. While the differences in intensity of trampling were
not quantiﬁed, observations of how people used the space over the

Table 1
Distribution of artefacts by size range, material, and zone.
Material

Zone

Size range (based on max. length)
>¼10 < 15 mm

>¼15 < 20 mm

>¼20 < 25 mm

>¼25 < 30 mm

>¼30 < 35 mm

>¼35 < 40 mm

Chert

Zone 1
Zone 2
Total
Zone 1
Zone 2
Total
Zone 1
Zone 2
Total

22
6
28
77
19
96
99
25
124

22
5
27
77
20
97
99
25
124

23
6
29
76
19
95
99
25
124

11
3
14
38
10
48
49
13
62

7
1
8
20
5
25
27
6
33

7
1
8
20
5
25
27
6
33

Quartz

Total

Total

92
22
114
308
78
386
400
100
500

Table 2
Means for pre-trampling artefacts by material.
Material
Chert

Quartz

Total

N
Mean
Median
Std. Deviation
N
Mean
Median
Std. Deviation
N
Mean
Median
Std. Deviation

Length

Width

Thickness

Weight

L/W ratio

W/T ratio

114
21.31
20.50
7.368
386
21.17
20.00
7.097
500
21.20
20.20
7.152

114
14.08
13.75
4.963
386
14.23
13.15
5.741
500
14.19
13.30
5.569

114
3.75
3.50
1.659
386
5.62
4.80
2.872
500
5.19
4.50
2.757

114
1.20
0.77
1.355
386
2.29
1.15
3.123
500
2.04
0.99
2.855

114
1.58
1.50
0.452
386
1.60
1.44
0.522
500
1.59
1.45
0.507

114
4.08
3.94
1.357
386
2.81
2.69
1.019
500
3.10
2.93
1.225
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Table 3
ANOVA. Comparison of pre-trampling artefacts by zone.
Chert and Quartz

Length
Width
Thickness
Weight (LOG)
Length/Width ratio
Width/Thickness ratio

Chert

Quartz

df

F

p

df

F

p

df

F

p

499
499
499
499
499
499

0.087
0.759
0.231
0.236
0.169
0.093

0.768
0.384
0.631
0.628
0.681
0.761

113
113
113
113
113
113

0.452
0.537
0.148
0.193
0.016
1.728

0.503
0.465
0.702
0.661
0.900
0.191

385
385
385
385
385
385

0.001
0.386
0.501
0.147
0.257
0.411

0.969
0.535
0.479
0.702
0.613
0.522

Table 4
ANOVA. Comparison of pre-trampling artefacts by material.

Length
Width
Thickness
Weight (LOG)
Length/Width ratio
Width/Thickness ratio

df

F

p

499
499
499
499
499
499

0.033
0.056
56.170
20.492
0.137
97.183

0.856
0.813
0.000
0.000
0.711
0.000

course of the two weeks of the experiment conﬁrm that Zone 2 can
be considered a zone of greater intensity of trampling.
The 500 artefacts were individually labelled and deposited in a
pre-arranged order formulated to create both an equal distribution
of the randomly assigned artefacts between the two zones in terms
of the artefact material and size, as well as an equal distribution
within each zone in terms of both variables; furthermore, in each
zone the distribution for material and size was designed so that
there was an equal distribution of material type and size in the
interior and exterior of the zones. The artefacts were laid out on the
ground dorsal face up, using a drawing frame, which allowed for
the rapid and accurate deposition and mapping of the experiment.
The mapping included a pre-trampling topographic survey of the
area for the x and y coordinates as well as the height (Fig. 1), with
the latter recorded to a 1 cm resolution using the rock shelter excavation's height baseline.
2.3. Experiment duration, weather conditions, and recording
The trampling experiment took place over two weeks during the
2013 season's excavations of Cova del Parco. Excluding the two days
when the site was not excavated, the artefacts were exposed to
trampling for a total of 12 days by a team of between 10 and 12
excavators wearing soft-soled shoes used while excavating in the
rock shelter. Over the two weeks the weather was typical for the
continental Mediterranean climate-type: hot and dry, with one
thunder storm. The experiment was therefore carried out on a dry,
vegetation-free substrate; while there was heavy rain once during
the experiment (after 10 days of trampling), this occurred at night
while there was no trampling over the artefacts, and the high cliff
face of the rock shelter protected the experimental ﬂoor from much
of the direct rain, and the proceeding hot day entailed that the
substrate quickly dried out. Nevertheless, even though no trampling occurred while the substrate was wet, the effect of the rain is
seen in the soil micromorphology (Section 3.2).
For the collection of artefacts, while we kept to the methodology
used in the archaeological excavation, we used photogrammetry for
the x and y coordinates which allowed for a very rapid and precise
recording of the artefacts' spatial data. The photographs were
georectiﬁed in QGIS 2.0.1 (2013). For the height data, a surveyors
level was used, recorded at a 5 mm resolution. As far as possible all
artefacts were collected by hand trowelling, and all the substrate

Fig. 1. Overview of the trampling experiment. Top image includes a schematic,
describing that Area 2 witnessed greater trampling intensity than Area 1, with more
movement over Area 2 to and from the sieving station at the top left and the work
station seen on the right. While the differences in intensity of trampling were not
quantiﬁed, observations of how people used the space over the course of the two
weeks of the experiment lead us to suggest that Area 2 can be considered a zone of
greater intensity of trampling.
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and 400 magniﬁcations under plane-polarized light (PPL),
crossed polarized light (XPL), and oblique incident light (OIL).
Micromorphological descriptions were carried out following
guidelines from Bullock et al. (1985), Courty et al. (1989), and
Stoops (2003).
3. Results
3.1. Retrieval rate
Of the 500 artefacts originally deposited, just four (0.8%) were
unaccounted for after the experiment. It is likely that all four of the
unaccounted artefacts were in fact ‘collected’ in the two micromorphology samples taken during the experiment (Section 3.2); as
eight artefacts were collected from the sieving of the surrounding
soil removed during the preparation of the soil samples, it is not
unreasonable that the missing four were in fact located within the
two sampled blocks (some are in fact visible in the thin sections).
Therefore, we are conﬁdent that a greater than 99% retrieval rate
was achieved; this compares favourably to other trampling experiments where from 96.7% (Eren et al., 2010), to 89.1% (Benito-Calvo
et al., 2011), to 71.6% (Gifford-Gonzalez et al., 1985) of the original
material deposited was retrieved; other trampling studies do not
report the retrieval success rate (e.g. Pryor, 1988; Nielsen, 1991;
McBrearty et al., 1998; Pargeter, 2011).
Fig. 2. Thin section scans from samples EXPTR13-A and EXPTR13-B showing the
identiﬁed microfacies: MF1, MF2, MF3 and MF4. Scan scales are 1 cm.

collected was subsequently sieved using a 1 mm sieving net. The
hand trowelling included the substrate in the 1 m2 zones and 50 cm
surrounding them; as it was clear during the excavation of the area
that a very small amount of artefacts had moved more than 25 cm
from the limits of the original zones, the remaining area was bulk
collected and sieved. In terms of depth, the same method applied,
with the trowelling continuing to a depth of 4 cm when it was
apparent that no more artefacts were being uncovered. To conﬁrm
that all artefacts had been uncovered, a further 4 cm of substrate
was bulk collected from the original zones and sieved.
The recording of the artefact fracturing was divided between
breakage and edge damage, with the cut-off point between edge
damage and breakage being 4 mm: fractures with a <4 mm GD
were categorised as edge damage, and >4 mm as breaks. The breaks
were recorded into zones: proximal, medial, distal, lateral, and
peripheral. The latter zone was used as a ‘halfway’ category for
fractures that were greater than 2 mm and therefore considered to
be greater than edge damage, but were nevertheless minor
compared to the more substantial breaks; examples of such peripheral breaks include the snapping of a ﬂake's point. In order to
mitigate any inter-observer errors (Gnaden and Holdaway, 2000),
all the measurements and weights of the pre- and post-trampling
artefacts were carried by one analyst. Statistical analyses were
conducted with SPSS 21 (IBM, 2012).
2.4. Micromorphology
For the micromorphology, two thin sections of 25 mm thick and
13.5  5.5 cm were prepared from two undisturbed sediment
blocks collected from each of the experimental trampling zones.
The blocks were impregnated with a mix of unpromoted polyester
resin, styrene, and a catalyser (methyl ethyl ketone peroxide). The
thin sections were manufactured by the micromorphology laboratory service of the Department of Environmental and Soil Sciences, Lleida University, Spain. Microscopic analysis was performed
on a polarizing microscope (Olympus BX41) at 100, 200,

3.2. Soil micromorphology
The micromorphological analysis identiﬁed four microfacies
(Fig. 2). These are deﬁned by groundmass, microstructure, organic
and inorganic composition, and pedofeatures. The results of
micromorphological observations for each thin section are presented in Table 5. Comparing both thin sections, EXPTR13-B e
corresponding to Zone 2 (most trampled) e shows a clear horizontal disposition of subangular coarse materials embedded in a
compacted matrix and in-situ microfractures of them in the ﬁrst
2 cm. (Fig. 3). There is also a signiﬁcant layering of the bottom part.
This is in agreement with the hypothesis that Zone 2 witnessed
more breakage during trampling because it has a stonier, more
compact soil than Zone 1. Thin section EXPTR13-A e corresponding
to Zone 1 (less trampled) e shows a ﬁrst 3 cm part with more loose
sediment than EXPTR13-B (Fig. 4). The inner matrix of sediment is
mostly the same as in the sample collected in Zone 2 but it is less
compacted. The subangular material has no clear signs of in-situ
microfractures but layering at the bottom is signiﬁcant, as in
EXPTR13-B (Fig. 5).
Layering can be produced by water slumping or dumping
(Schiegl et al., 2003). The layered microchannels observed in the
last 2 cm e also with the presence of ironemanganese oxide
hypocoatings and impregnative orthic nodules (Fig. 5) e are characteristic of features with short periods of water saturation (Stoops
et al., 2010). Moreover, pronounced porosity with spaces free of ﬁne
sediment is present, indicating a lack of compaction in the bottom
part of the samples. Observations at a micro-scale show that
trampling was affecting soil layers from top to bottom, compressing
mostly the upper part. Layering at the bottom is a result of the
heavy rain event occurred during the trampling experiment (see
Section 2.3) and a very short trampling period after it. The results of
the soil micromorphology, along with the setup of the experiment,
therefore allows us to describe the two zones as: Zone 1: A high
artefact density, low trampling intensity, with a lower soil
compaction and less stony substrate; Zone 2: A low artefact density,
high trampling intensity, with a higher soil compaction and more
stony substrate.
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Fig. 3. Microphotographs at 200 magniﬁcations showing in-situ micro-fractures. Red arrows points fractures in (a) quartz and (b) bone remains. Images shown in PPL. (For
interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.).

Fig. 4. Microphotographs of the upper part sediment of both samples. Note that the sediment in (a) EXPTR13-A is looser than in (b) EXPTR13-B. Images shown in PPL.

Fig. 5. Microphotographs showing the bottom part layered microchannels and the presence of ironemanganese oxide hypocoatings and impregnative orthic nodules (h in white)
are. Note the horizontal disposition of the materials; a bone fragment is indicated with a red arrow. Images shown in PPL. (For interpretation of the references to colour in this ﬁgure
legend, the reader is referred to the web version of this article.).

Table 5
Microfacies types identiﬁed in thin sections from each experimental trampling zone, characteristics description and its presence in thin sections. MF1-2 from EXPTR13-A and
MF3-5 from EXPTR13-B.
Microfacies Description
MF1
MF2
MF3
MF4

Voughy sediment matrix with abundant mm-sized subangular fragments of quartz, chert and fossilized limestone. Vegetal remains are very few (0.5 cm the
largest). Horizontal bedding of mm-sized subangular bone fragments.
Very porous sand-sized sediment matrix, ironemanganese oxide hypocoatings and impregnative orthic rounded nodules below the layered microchannels,
mm-sized charcoal fragments and few micro-fragments of mm-sized shell. Horizontal bedding of mm-sized subangular bone fragments.
Compacted massive sediment composed of subangular cm-sized fragments of quartz, chert and fossilized limestone (2 cm the largest). Horizontal bedding of
mm-sized subangular bone fragments.
Very porous sand-sized sediment matrix, ironemanganese oxide hypocoatings and mm-sized impregnative orthic rounded nodules below the layered
microchannels, few subrounded micro-fragments of herbivore coprolites, vegetal remains and mm-sized charcoal fragments. Horizontal bedding of mm-sized
subangular bone fragments.
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Fig. 6. Proportions of pre- and post-trampling artefacts by size range (size range based on max. length).

3.3. Breakage rate: material and artefact size
The 500 pre-trampling artefacts resulted in 784 post-trampling
artefacts, comprising 636 quartz and 148 chert. The post-trampling
assemblage consisted of 30% < 10 mm artefacts, of which there
were none in the pre-trampling assemblage (Table 1 and Fig. 6);
17% of the chert and 32% of the quartz were <10 mm. The trampling
also resulted in a greater proportion of the larger size ranges of the
quartz being reduced compared to the chert artefacts (Fig. 6).
For the present analysis that compares the pre-and posttrampling attributes, the four quartz artefacts not accounted for
after the experiment have been excluded, therefore the analysis is
based on 496 of the original artefacts. A third of the chert artefacts
were broken while over half of the quartz artefacts were broken
(Table 6), with the difference in the breakage rate for the materials
statistically signiﬁcant (GZLM (Generalized Linear Model): c2
14.465, df, 1, p 0.000). Using GLM UNIANOVA (General Linear
Model Univariate ANOVA), the effect of the artefacts' dimensions
and weight on the occurrence of breakage was tested; this
compared the means for six variables using original dimensions
and weight (Table 7). For the broken and unbroken chert artefacts,
none of the six variables tested were shown to have been significantly different; for the quartz the differences for the means were
not signiﬁcant, apart from the two ratio variables (Table 8).
However, the partial eta squared showed that while signiﬁcant,
the effect was very low for both length/width ratio (0.018) and
length/thickness ratio (0.046). Therefore, there is no discerned
association between the original artefacts' size or weight and the
occurrence of breakage of the quartz and chert artefacts, except for
a very weak association for narrower and thinner quartz artefacts
being more likely to break.

Zone 1 began with 400 artefacts and resulted in 492 artefacts, a
23% increase; Zone 2 began with 100 artefacts and resulted in 292,

almost tripling the quantity. Over the course of the experiment the
areas were photographed daily, and subsequently analysed to
examine the visibility of artefacts on the surface over the course of
the experiment. This analysis needs to be interpreted as an estimate
only due to the difﬁculties in identifying the artefacts in the images:
even a slight covering of dust can make a positive identity difﬁcult.
Fig. 7 presents the visibility estimate, based on a percentage of the
original quantities deposited. It is clear that Zone 2's artefacts
consistently remained on the surface to a signiﬁcantly greater degree than Zone 1. While a direct analysis cannot be achieved e
because the analysis counts all artefacts including new breaks as
individual artefacts e it is evident that the artefacts in Zone 1 were
buried more rapidly than in Zone 2, and this is interpreted as a
positive correlation with the higher degree of fracturing in Zone 2.
Interestingly, while there is a signiﬁcant difference in the visibility
of artefacts between the two zones, the pattern of visibility is quite
similar, with an increase in visibility on Day 5, Day 7, and Day 12 for
both zones noted. GZLM was used to analyse the proportion of the
original artefacts that were subsequently broken. The results show
that there were statistically signiﬁcant more artefacts broken in
Zone 2 (GZLM: c2 23.872, df, 1, p 0.000), but there was no difference
for the individual materials in each zone: i.e. the interaction between zone and material was not statistically signiﬁcant (GZLM: c2
2.074, df, 1, p 0.150).
3.4. Break types
The broken artefacts were categorised into radial and bending
breaks (Cotterell and Kamminga, 1987), where radial breaks fracture at the point of impact and bending breaks fracture away from
the point of impact (Fig. 8); these were also grouped into the angle
of the break. The dominant break type for chert was 90 bending
breaks followed by 90 radial breaks, with the angle of 45 or less
rare (Fig. 9). For quartz, the dominant types were 60e90 radial
breaks. However, due to the difﬁculties in assessing the surfaces of

Table 6
Breakage rate by material.
Material

Chert
Quartz
Total

New break e Count

New break e %

Yes

No

Yes

38
206
244

76
176
252

33.3
53.9
49.2

Total e Count

114
382
496
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Table 7
Means for broken and unbroken artefacts by material based on the pre-trampling dimensions and weight.
Material

Broken

Chert

No

Yes

Quartz

No

Yes

N
Mean
Std. Deviation
N
Mean
Std. Deviation
N
Mean
Std. Deviation
N
Mean
Std. Deviation

Length

Width

Thickness

Weight

L/W ratio

L/T ratio

76
21.13
7.503
38
21.65
7.177
176
20.61
7.308
206
21.75
6.905

76
13.62
4.929
38
15.02
4.963
176
14.39
5.905
206
14.16
5.630

76
3.83
1.694
38
3.58
1.597
176
5.87
3.008
206
5.42
2.750

76
1.22
1.412
38
1.16
1.249
176
2.43
3.222
206
2.21
3.061

76
1.62
0.476
38
1.48
0.388
176
1.52
0.468
206
1.66
0.560

76
5.89
1.682
38
6.52
1.893
176
3.91
1.271
206
4.53
1.546

Table 8
UNIANOVA.
Variable
Chert
Length
Width
Thickness (LOG)
Weight (LOG)
Length/Width ratio (LOG)
Length/Thickness ratio (LOG)
Quartz
Length
Width
Thickness (LOG)
Weight (LOG)
Length/Width ratio (LOG)
Length/Thickness ratio (LOG)

Df

F

p

1
1
1
1
1
1

0.122
2.038
0.773
0.048
2.561
3.209

0.728
0.156
0.381
0.827
0.112
0.076

1
1
1
1
1
1

2.433
0.139
2.424
0.338
6.861
18.411

0.120
0.709
0.120
0.561
0.009
0.000

coarse-grained xenomorphic quartz, a large proportion of the
quartz are indeterminate as either bending or radial breaks because
the impact point was not clear, as the surface of the quartz can
contain multiple fractures that appear like impact marks (see
Fig. 10, top right). Therefore, while it appears that bending breaks
are much less common with quartz, the precise proportion is
difﬁcult to deﬁne. In terms of the break positions (Fig. 11), the
quartz were more likely to result in lateral and medial breaks
compared to the chert that was dominated by distal breaks. This
highlights the more brittle nature of the xenomorphic quartz than

the chert, which broke in the middle of the ﬂakes even though the
quartz was on average thicker than the chert (Table 2). Both quartz
and chert had similar proportions of peripheral breaks.
As noted, breaks with low angles are much more common with
quartz. The example in Fig. 12 is a sequential break, a break type
particular to quartz where a fragment breaks off with a very low
edge angle, with the resultant ﬂake fragment shown separated on
the right; this ﬂake fragment has low edge angles appearing like a
complete ﬂake instead of a ﬂake fragment. These types of pseudocomplete quartz fragments have shown to occur during knapping
as well (see Driscoll, 2011a).
Single breaks were the most common for both quartz (75%)
and chert (74%). However, while the proportion of multiple
breaks was similar at around a quarter, the quartz invariably
fractured to a greater extent, with the chert fracturing into a
maximum of 3 fragments while quartz often fractured into 4 or
more fragments such as the example in Fig. 10 (counts based on
the conjoning of post-trampling artefacts). The top right artefact
in Fig. 10 shows an example of a quartz which broke in a similar
manner to a classic siret/radial break. However, as noted above,
no impact mark from trampling is visible, therefore this example
is indeterminate as a bending or radial break. A similar proportion, 3%, of siret-like breaks occurred with both the quartz and
chert. Previous experimental knapping experiments have shown
that siret breaks are quite common with quartz knapping, and
more common than with chert; this experiment therefore shows
that siret-like breaks can occur through trampling on both chert
and quartz lithics.
Related to this, during the preparation of the experimental artefacts six of the quartz ﬂakes contained incipient siret/radial
breaks. These are fractures that are initiated during knapping and
appear as ﬁssures but the ﬂake does not break (see Driscoll, 2011a).
Of these six, three resulted in breaks during trampling, with one
break along the ﬁssure/insipient break line resulting in a classic
siret break, while another resulted in a classic siret break, but the
fracture line is parallel to the original ﬁssure/insipient siret break
line; the third incipient siret ﬂake resulted in a peripheral break
with the incipient break remaining intact.
3.5. Edge damage and ‘retouch’

Fig. 7. Artefact visibility index based on the original quantity (increase over 100%
represents broken artefacts).

Fractures with a <4 mm GD were categorised as edge damage,
and >4 mm as breaks. For the >5 mm post-depositional chert, 78%
had edge damage, with Zone 2 having a greater proportion (89%)
than Zone 1 (75%). For the quartz, practically all (~99%) had edge
damage or possible edge damage; due to the irregularity of edges of
the coarse-grained xenomorphic quartz, it was often difﬁcult to
differentiate between edge damage from trampling and the original
ﬂake edge irregularity. For ‘retouch’ occurring from trampling,
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Fig. 8. Examples of bending and radial breaks from the trampling experiment. On the
left, the impact point on the chert ﬂake is marked, with the resultant break away from
the impact point, and on the right the break is at the impact point.

Fig. 10. Trampling breaks on quartz artefacts. Left: multiple breaks. Top right: lateral,
siret-like, break that contained no clear trampling impact mark and therefore is
indeterminate as a radial or bending break. Bottom: two examples of radial breaks.

there were very few convincing cases for chert or quartz. While 12
(10%) of the >5 mm post-depositional chert artefacts contained
‘retouch’ akin to marginal retouch on the distal edge, with the
‘retouch edge’ extending continuously for 5e9 mm along the edge,
the maximum depth of the retouch was only ~1 mm and therefore
can be excluded as ‘retouch’. For the quartz, only four (1%) examples
could be argued as retouch e all of which were notch-like retouch,
with no notch-like retouch occurring on chert artefacts. All these
occurrences of continuous edge damage occurred with the ﬂake
scars on the dorsal faces; for edge damage in general, the majority
of the edge damage resulted in ﬂake scars on the dorsal faces.

squared showed that while signiﬁcant, the effect of the different
zones was very low (0.009).
Fig. 13 demonstrates that the mean distance moved is substantially greater for the larger, thicker, and heavier artefacts, with
the larger size range moving on average almost four times further
than the smallest size range, and around ﬁve times further for
heaviest compared to the lightest, and the thickest compared to the
thinnest. Fig. 14 plots the pre- and post-trampling positions of the
artefacts grouped into three size ranges, demonstrating the substantially greater movement of the larger artefacts. Fig. 14 also
presents the slopes of the zones and main direction of the walking
over the trampling zones, demonstrating that the principal movement of artefacts in Zone 2, the zone with the greatest mean
movement distance, intensity of trampling, and greatest slope,
follows the movement of trampling rather than the slope aspect.
This is also demonstrated in Fig. 15 that plots the direction of the
artefact movement by count and distance, and the aspect of the
slope.
While there is a very clear pattern of the largest, thickest, and
heaviest artefacts moving the greatest mean distance, when the
largest size and weight ranges are removed and the statistical

3.6. Artefact spatial distribution
Over the course of the two weeks, the lithics were relatively
stable in terms movement, with an average distanced moved of
10 cm, and a median distance of just 5 cm; while the artefacts in
Zone 2 had a greater mean and median distance movement than
Zone 1, the maximum distance moved in Zone 1 was 1.7 times
greater than in Zone 2 (Table 9). While the differences in means for
the movement of artefacts between the two zones was statistically
signiﬁcant (UNIANOVA: df 1, F, 5.309, p 0.022), the partial eta

Fig. 9. Proportion of radial and bending breaks and angles. B ¼ bending; R ¼ radial;
B/R ¼ bending or radial.

Fig. 11. Break positions of post-trampling artefacts by material.
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Table 9
Distances moved in cm by zone for the 565 non-bulk collected post-trampling
artefacts.
Zones

Count

Mean

Median

Minimum

Maximum

Zone 1
Zone 2
Total

459
106
565

9.39
11.90
9.86

4.66
6.47
4.95

0.09
0.49
0.09

182.00
107.82
182.00

4. Discussion and conclusion

Fig. 12. A sequential break on quartz from trampling. The resultant fragment produced
a pseudo-complete ﬂake in that the new small fragment has a pseudo-platform and
low edge angles and may be interpreted a small, complete ﬂake.

analysis conducted, there is little distinction for the mean movement between the size and weight groups (Fig. 16). For the size
ranges up to 30e35 mm, the differences in means is statistically
different (UNIANOVA: df 4, F, 2.511, p 0.041), but the partial eta
squared showed that the effect is very low (0.019); for the thickness
range up to 9e11 mm, the differences in means is statistically
different (UNIANOVA: df 4, F, 4.376, p 0.002), but the partial eta
squared showed that the effect is very low (0.032); while for the
weight ranges up to 4e7 g, the differences in means is not statistically different (UNIANOVA: df 4, F, 2.070, p 0.083). The analysis
was also conducted on the movement including the depth, i.e. the
movement in 3D; as with the previous analysis there is little
distinction for the mean 3D movement for the size and weight
ranges.
For the vertical movement of artefacts, there was also relatively
little movement with a mean difference in depth of less than 1 cm
and with rare occurrences of greater than 2 cm depth. While Zone 2
had a slightly greater mean depth difference than Zone 1, Zone 1
had the artefacts with the greatest depth, at up to 3.2 cm (Fig. 17).
For the depth of artefacts by size range no clear patterning is
apparent with the patterning reversed between the two zones e in
Zone 1 the largest artefacts witnessed the greatest change in mean
depth, while in Zone 2 the smallest artefacts did.

The principal aim of this experiment was to examine the effects
of trampling, comparing the difference between quartz and chert.
As has been described in numerous experiments (Knutsson, 1988;
Tallavaara et al., 2010; Driscoll and Menuge, 2011; Driscoll,
2011a), it is necessary to take into account the fracture mechanics
of xenomorphic quartz in any analysis of quartz assemblages, and
this large-scale experiment demonstrates the importance of the
effect of trampling on archaeological assemblages. Comparing the
materials, the trampling experiment resulted in signiﬁcantly more
broken quartz than chert, and the quartz fractured into a greater
amount of multiple pieces, including numerous small fragments.
This therefore demonstrates the commonality of the fracture mechanics of these materials during knapping and trampling, with
trampling simply another type of lithic knapping (Tringham et al.,
1974; McPherron et al., 2014). Unlike the chert, a signiﬁcant minority of the quartz artefacts resulted in low angled breaks
including ‘sequential breaks’ (Driscoll, 2011a), and unlike the chert
a straightforward ‘reading’ of the quartz artefacts was difﬁcult
because the impact point from the trampling was not clear e the
surface of the coarse-grained xenomorphic quartz can contain
multiple fractures that appear like impact marks and therefore for a
large proportion of the fractured quartz is was not possible to
determine if they were bending or radial breaks. Therefore, while it
appears that bending breaks are much less common with quartz,
the precise proportion is difﬁcult to deﬁne. In terms of the break
positions, the quartz were more likely to result in lateral and medial
breaks compared to the chert. This highlights the more brittle nature of the xenomorphic quartz than the chert, which broke in the
middle of the ﬂakes even though the quartz was on average thicker
than the chert. A similar proportion, however, of siret-like breaks
occurred with both the quartz and chert. Previous experiments
have shown that siret breaks are quite common with quartz tool
manufacture, and more common than with chert (e.g. Driscoll,

Fig. 13. Mean distance in metres of the artefact movement by original artefact size range, weight range, and thickness range.
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Fig. 14. Pre- and post-trampling position of artefacts with the lines coded per artefact size range; the slope aspect is represented from a baseline of 1 m, increasing in cm. On the
right are arrows demonstrating the main direction of walking across the zones.

2011a); this experiment therefore demonstrates that siret-like
breaks can occur through trampling on both chert and quartz
lithics.
The more brittle nature of xenomorphic quartz is also evidenced
by the greater degree of edge damage on the trampled quartz artefacts compared to the chert, and the irregularity of edges of the
coarse-grained quartz made precise identiﬁcations of edge damage
difﬁcult to discern compared to the chert. For accidental ‘retouch’,
previous experiments by Nielsen (1991) and McBrearty et al (1998)
suggested that some edge damage could be mistaken for retouch,
while others have disagreed, suggesting that the edge damage is
more random and unlike regular retouched edges (Tringham et al.,
1974). In this experiment, no clear examples of accidental retouch
were recorded e all the edge damage on chert resulted in ~1 mm
deep ﬂake scars and therefore can be excluded as intentional
retouch, while for the quartz the only examples were a number of
notch-like pieces. This experiment's result is also matched by a

recent experiment on the effect of sediment consolidation, where
there was a very low occurrence of ‘accidental retouch’ (Eren et al.,
2011). Therefore, we would argue that taphonomic processes can
be ruled out as contributing anything but a very minor role in the
creation of diagnostically retouched stone artefacts formed on
chert or quartz. As has been demonstrated in previous experiments
(Lindgren, 1998; Driscoll, 2011b), the correct identiﬁcation of
retouch on xenomorphic quartz is difﬁcult with both under- and
over-identiﬁcation common, thus adding to the complexity of
identifying ‘retouch’ caused by trampling. For all the edge damage,
the majority of the ﬂake scars appear on the dorsal face; the artefacts had been originally placed dorsal face up, and during the
experiment the ﬂakes could be ﬂipped numerous times. This is
directly related to the fracture mechanics occurring during trampling, with the lower angled dorsal face more prone to fracturing
(see McPherron et al., 2014). While the edge angle has been argued
as important in rates of edge damage, this experiment found no
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Fig. 15. Top: direction of the movement of artefacts by count. Middle: direction of the movement of artefacts by distance. Bottom: direction of the slopes of the zones; calculation
based on the raster.

association between the original artefacts' size or weight and the
occurrence of breakage of the quartz and chert artefacts, except for
a very weak association for narrower and thinner quartz artefacts
being more likely to break.
This trampling experiment was set up on a narrow ledge at the
base of a cliff, with 500 quartz and chert artefacts placed on the

ground in two zones a few metres apart. While on a macroscale the
ledge is relatively uniform in terms of substrate composition, on a
microscale, as evidenced by the soil micromorphology, the soil
composition and soil compaction changes signiﬁcantly over the
course of the 3 m between the two zones. This allowed the
experiment to examine the effects of trampling of lithic artefacts in
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Fig. 16. Movement of artefacts. Top: distance by artefact weight, with the largest weight range (>7 g) excluded. Bottom: distance by artefact thickness, with the largest thickness
range (>11 mm) excluded.

an area with a gently sloped, less compact and less stony substrate,
and a more steeply sloped, compact, stony substrate. Added to
these differences between the zones, the latter zone witnessed a
greater degree of trampling intensity over the course of the two
weeks of the experiment as it was placed in a narrower area with
greater human trafﬁc directed over the experimental artefacts, but
contained a lower density of the artefacts than the other zone. The
results have shown that the trampling resulted in a signiﬁcantly
greater proportion of broken artefacts in the more compact, stonier
soil and higher trampling intensity Zone 2, but that there was no
signiﬁcant difference for the individual materials in each zone, thus
conﬁrming that the differences in substrate and trampling intensity
is of signiﬁcance in the fracturing of the artefacts. As Zone 1 contained four times as many artefacts as Zone 2 but resulted in
signiﬁcantly less breakage and (for the chert) less edge damage, this
suggests that the effect of the substrate is more important for

artefact breakage than artefact density, which concurs with other
experiments (e.g. McBrearty et al., 1998). In terms of the horizontal
and vertical movement of artefacts, the artefacts were relatively
stable over the course of the two weeks, with the larger heavier
artefacts moving signiﬁcantly greater differences, with the main
direction of movement following the direction of human movement over the zones rather than the slope.
Pargeter (2011) has suggested, for a sandy clay substrate, “that
most fracturing takes place within the ﬁrst few hours of trampling.
Afterwards, the tools were generally covered with deposit and were
often prevented from further fracturing.” This experiment contradicts this supposition: by recording the trampling over two weeks,
we have demonstrated that the depositional processes are more
complex than a linear movement from surface deposition to burial.
The artefact visibility index (Fig. 7) has shown that at a micro-level
the artefacts undergo a process of being covered and uncovered by
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Fig. 17. Boxplot of the vertical movement of artefacts by size range and zone.

substrate as the top surface's microtopography is continuously
changing as people's feet compress parts of the soil, while
removing other parts of the soil by kicking and dragging, thus reexposing artefacts to the surface. During the retrieval of the artefacts, it was apparent that many of the artefacts that broke were
collected directly beside each other, suggesting that these artefacts
were broken earlier on in the experiment and resulted in no more
movement or else were the result of breakage towards the end of
the two week period, with the latter point, of breakage occurring
towards the end of the experiment, conﬁrmed by the daily observation of the surface artefacts.
In conclusion, this experiment demonstrates the necessity for
analysts to be aware of the signiﬁcant contribution that postdepositional processes such as trampling can make to quartz assemblages. We have demonstrated that, as with knapping, trampling results in signiﬁcantly greater amounts of breakage with
quartz artefacts compared to chert, and trampling will result in a
signiﬁcant increase in artefact counts in quartz assemblages due to
breakage. Many of these breaks will be indistinguishable from
fracture types that occur during knapping, thus making it difﬁcult
to differentiate between knapping and trampling events. This includes sequential breaks that can produce pseudo-complete ﬂakes,
thus adding to the analytical complexity even when only the
metrics and counts of ‘complete’ ﬂakes are used when analysing
quartz assemblages. The results of the soil micromorphology
demonstrate that even over the course of 3 m, changes in soil
composition will present signiﬁcant changes in artefact preservation and post-depositional processes in locations that on a macroscale such as hillside ledges are relatively homogenous.
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