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The Lower Palaeolithic, Middle Pleistocene locality Schoningen has been a focus of archaeological research for
over two decades. The locality is best-known for the discovery of wooden spears in close association with
numerous butchered remains of horses and other large mammals in the Spear Horizon (Scho 13II-4), with an age
of ca. 300 kyr. Several site formation models have been proposed to explain the faunal accumulation at the site:
1) single hunting event on a dried lake shore; 2) multiple hunting events in the soft mud of a lake shore; 3)
deposition on an exposed delta plain; 4) geogenic displacement by hydrological processes; 5) hominin waste
disposal and storage behaviour; and 6) hominin butchering activities on a frozen lake surface. Visual spatial
analyses allow for the (subjective) incorporation of archaeological knowledge in the interpretation of spatial
data, while spatial statistics allow for more objective and reproducible inferences about spatial patterns. The
combination of the two could thus provide a vital tool in disentangling complex site formation processes. This
study uses a combination of visual spatial analyses, spatial statistics and orientation analyses in order to further
disentangle the site formation history of Scho 13II-4 and to assess the impact of post-depositional processes on
the faunal assemblage. This study revealed the existence of intra-site and inter-species differences in spatial
distribution and orientation. The results of this study are compared to the suggested site formation models for
Scho 1311-4 to test which of these models is most parsimonious with the spatial distribution and orientation of the
faunal assemblage. It is concluded that the previously proposed site formation models are overly simplified and
cannot be used to explain the site formation history of Scho 13II-4.

1. Introduction preservation of organic materials (Van Kolfschoten, 2014). The good
preservation of fossil material makes Schoningen one of the key sites for
understanding hominin activities and behaviour in Europe during the

Middle Pleistocene.

The Middle Pleistocene locality Schoningen is located in an open-cast
lignite mine north-east of the German town Schoningen. The locality is

best-known for the discovery of nine wooden throwing spears, a
thrusting spear and a throwing stick with an age of ca. 300 kyr, found at
the site Schoningen 13II-4 (Scho 13II-4) (Serangeli et al., 2015).
Numerous butchered remains of horses and other large mammals were
found in close association with the wooden spears (Thieme, 1997, 2005;
Van Kolfschoten et al., 2015a). The fossil remains were embedded in
waterlogged sediments which led to exceptionally well preserved fossil
material. Furthermore, the groundwater at the Schoningen locality is
exceptionally rich in calcium carbonate, which further favours the

The site formation history of Scho 13II-4 is a topic of debate and
several site formation models have been proposed to explain the faunal
accumulation at the site.

1) Thieme (2005, 2007) argues that the archaeological and faunal as-
semblages from Scho 13II-4 represent a single hunting event on a
dried lake shore that had been preserved in situ. The presence of
reddened sediments, which were interpreted as hearths, together
with the large accumulation of equid remains, were the main
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Fig. 1. Spatial distribution of all finds at Scho 13II-4 projected on the digital elevation map of the site. Blue: faunal remains. Red: lithics. Green: wooden objects
(Bohner et al., 2015). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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arguments on which this site formation model was based (Thieme,
2005, 2007).

Voormolen (2008) argues that the faunal assemblage represents
multiple hunting events in the soft mud of the lake shore. The low
representation of specific skeletal elements in the faunal assemblage
is interpreted as the result of hominin selection rather than of hy-
drological processes, thereby suggesting that the faunal assemblage
is located in a primary context (Voormolen, 2008). Carbon and ox-
ygen isotopic analyses (Julien et al., 2015) as well as tooth wear
analysis on horse remains (Rivals et al., 2015) support the existence
of multiple accumulation events.

Lang et al. (2012) argue that the faunal assemblage was deposited on
an exposed delta plain which was subsequently submerged by a
lake-level rise. The main argument proposed for this site formation
model is the good and complete preservation of the wooden spears
(Lang et al., 2012).

Stahlschmidt et al. (2015) conducted micromorphological analyses
combined with organic petrology and Fourier transform infrared
analysis to examine the depositional environments of Scho 13II-4.
This study suggests that the sediments of Scho 13II-4 were depos-
ited in a mosaic swamp environment while being permanently
covered in water (Stahlschmidt et al., 2015), which contradicts the

other site formation models. Therefore three alternative site forma-

tion models have been proposed by Stahlschmidt et al. (2015):

a. The geogenic displacement of the faunal assemblage by hydro-
logical processes from a hominin butchery site in the vicinity of
the locality into the lacustrine sediments of Scho 13II-4. It is
argued that the faunal remains were transported by a low-energy
process over a short distance (Stahlschmidt et al., 2015).

b. The anthropogenic accumulation of faunal remains as a result of
hominin waste disposal and storage behaviour (Stahlschmidt
et al., 2015). The subaqueous storage of meat has been proven to
be a good method for meat preservation as subaqueous environ-
ments have favourable conditions in which meat can be preserved
for several months (Bethke et al., 2018; Fisher, 2009; Speth,
2017).

c. Hominin butchering activities on a frozen lake surface
(Stahlschmidt et al., 2015). The use of frozen lake and river sur-
faces for animal butchering is common in northern latitudes and
has been recorded in ethnography (Landals, 1990). The animals
are trapped on the slippery surface of the frozen water surface
after which the animals are butchered.

In this paper, we present visual spatial analyses, spatial statistics and
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Fig. 2. Maximum extent of the Middle and Late Pleistocene Scandinavian ice
sheets. E: Elsterian glaciation; D: Saalian-Drenthe glaciation; WA: Saalian-
Wacke glaciation; WE: Weichselian glaciation (Lang et al., 2012, in Van
Kolfschoten, 2012).

orientation analyses of the Scho 13II-4 faunal assemblage to test the
previously proposed site formation models of the Scho 13II-4 site. An
initial spatial analysis of the Scho 13II-4 site was performed by Bohner
et al. (2015). This study presented a digital elevation model and spatial
distribution map of the site (Fig. 1) as well as some preliminary kernel
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density analyses and orientation analyses. However, spatial statistics
were not used extensively and detailed orientation analyses are missing
in this study.

Spatial distribution maps are often used as primary tools to identify
and analyse spatial patterning in the archaeological record. However,
archaeological conclusions based on such maps are often subjective and
not reproducible (Bevan et al., 2013). Spatial statistics allows one to
move beyond these issues of subjectivity in order to make more reliable
inferences based on spatial patterns. The use of spatial statistics to study
site formation processes is a relatively recent development and only a
limited number of studies have been published in which this approach is
used (Benito-Calvo and de la Torre, 2011; Boschian and Sacca, 2010;
Dominguez-Rodrigo et al., 2014; Giusti and Arzarello, 2016; Giusti et al.,
2018; Romagnoli and Vaquero, 2016; Sanchez-Romero et al., 2016;
Thacher et al., 2017). Even though spatial statistics allow for more ob-
jectivity, the visualization of spatial patterns remains useful for
archaeological research, since it allows the incorporation of archaeo-
logical knowledge in the interpretation of spatial data (Wansleeben,
2017). The combination of visual spatial analysis, spatial statistics and
orientation analyses could thus be a vital tool in disentangling complex
site formation processes, and thus be essential to make reliable in-
ferences about hominin activities and behaviour at Scho 13I1-4.

2. Schoningen 13II-4
2.1. Geologic setting and stratigraphic position

The lignite quarry, with the Lower Palaeolithic site Scho 13 II-4, is
located in a sedimentary basin on the flanks of a salt dome (Voormolen,
2008). The region has been covered by Scandinavian ice sheets twice
(Fig. 2); once during the Elsterian glaciation and once during the
Saalian-Drenthe glaciation (Stahlschmidt et al., 2015).

The base of the Quaternary sedimentary sequence consists of
Elsterian glacial till and glaciofluvial sands. These sediments are ero-
sively overlain by six river channels (Scho I-VI), which represent a series
of interglacial/glacial cycles (Fig. 3) (Thieme, 2005). Channels I-III date

SW Exposure at the open-cast lignite mine, Schéningen, 1995 NE

oo VA 4
2 B35

N

Salt dome

Rim syncline

R ===
)8 E3n

U3 (e

i e [e

Fig. 3. Section of the Quaternary sedimentary sequence of Schoningen (Sch613II-4 indicated as star). 1: Elsterian till; 2: Saalian glacial sediments; 3: Lacustrine
sediments; 4: Limnic telmatic sequence; 5: Soil complexes; 6: Loess; 7: Evaporites; 8: Gypsum cap-rock; 9: Buntsandstein; 10: Triassic limestones; 11: Triassic deposits;

12: Palaeogene deposits (after: Van Kolfschoten, 2014).
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to the period between the Elsterian and Saalian (Drenthe) glaciations
(Urban, 2007). Channels IV-VI overlie the Saalian deposits and postdate
the Saalian (Thieme, 1997).

The Scho II channel is filled with sediments dating to the locally
defined Reinsdorf Interglacial and the subsequent Fuhne cold stage. The
depositional sequence of the Scho II channel consists of five distinct
depositional cycles of organic muds and peats (levels 1-5) (Thieme,
2005). These cycles represent the rising and falling of lake levels
(Voormolen, 2008). Mud and peat deposits, representing the interglacial
maximum of the Reinsdorf Interglacial are located at the base of the
sequence (level 1). Level 2 has been deposited during a stadial phase and
level 3 during an interstadial phase. The upper levels (level 4 and 5)
represent more temperate phases. Frost wedges occurring between these
levels mark the beginning of periglacial conditions (Van Kolfschoten,
2012).

Three spatial zones are distinguished at the Scho 13II-4 site: the
palaeolake area, the accumulation zone and the lake shore. The accu-
mulation zone represents the area in which the majority of the fossil
material is situated. This area may or may not have been under water at
the time of deposition. The palaeolake represents the northern part of
the site which was almost certainly covered by water at the time of
deposition. The lake shore represents the southern part of the site which
was not covered by water.

2.2. Environmental setting

Excavations at Scho 1311-4 have yielded over 12,000 faunal remains.
Equus mosbachensis is the dominant species in the faunal assemblage
(Van Kolfschoten et al., 2015a). The mammalian species from Scho
13I1-4 consist of a combination of forest dwellers (e.g. Stephanorhinus
kirchbergensis) and steppe dwellers (e.g. Stephanorhinus hemitoechus and
Bison priscus) as well as aquatic species (e.g. Castor fiber). The
mammalian taxa recovered at the site are indicative of a mixed land-
scape in the vicinity of a lake or stream; an area in which forested areas
and open grasslands alternate (Van Kolfschoten, 2014). Micromorpho-
logical analysis indicate that Scho 131I-4 was at least partly covered by a
permanent water body (Stahlschmidt et al., 2015).

2.3. Archaeology

The lithic assemblage of Scho 13II-4 consists of nearly 1500 flint
artefacts, dominated by retouched scrapers, points and retouching
debris (Thieme, 2005). Soft hammer techniques were used to re-sharpen
the flint tools as evidenced by the presence of bone retouchers (Van
Kolfschoten et al., 2015b).

The faunal assemblage of Scho 13II-4 consists of natural background
fauna together with the remains of butchered animals (Serangeli et al.,
2018). The effect of (post-)depositional processes such as fluvial trans-
port (rolling) as well as bone weathering is limited just as the occurrence
of traces of carnivore gnawing on mammal bones (Van Kolfschoten
et al., 2015a). The majority of carnivore gnawing marks originate from
large carnivores in the size-range of wolves and sabre-toothed cats
(Starkovich and Conard, 2015).

Hominin activities at Scho 13II-4 are evidenced by the presence of
hominin modification marks on 16% of the faunal assemblage. These
modification marks are related to a variety of butchering activities,
including skinning, defleshing, disarticulation and marrow extraction.
Furthermore, percussion damage indicates that approximately 100
bones were used as knapping tools, smoothened-tip tools or metapodial
hammers. In total, cut marks were identified on 15% of horse bones and
11,8% of horse bones show percussion damage. Hominin modification
marks have also been identified on cervid remains, bovid remains and on
the humerus of a sabre toothed cat, but evidence of hominin modifica-
tion on these species is more limited (Van Kolfschoten et al., 2015a,
2015b; Voormolen, 2008).
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3. Expected spatial distribution patterns

Each site formation model proposed for Scho 13I1-4 would lead to
different spatial signatures and orientation patterns. In the following
section a series of expectations is formulated for each site formation
model.

3.1. Single and multiple hunting and butchering events on a lake shore

The site formation models regarding single or multiple hunting and
butchering events on a lake shore are expected to result in similar spatial
distribution and orientation patterns of faunal remains. Therefore, the
expected patterns for these models have been grouped together. The in
situ preservation of single or multiple hunting and butchering events on
a lake shore would lead to the close spatial association of several horse
carcasses. A clustering of equid fossil material in a single area of the site,
and, more importantly, of equid remains with evidence of hominin
modification is expected. Furthermore, equid remains are expected to
follow a random orientation pattern, resulting from various hominin and
carnivore activities (Uthmeier and Chabai, 2018). Finally, it is expected
that the background fauna has a different spatial signature compared to
the equid remains, since these remains would likely have been subjected
to hydrological processes connected to the nearby palaeolake.

3.2. Accumulation on an exposed delta plain

The deposition of the faunal assemblage on an exposed delta plain
followed by a lake-level rise is expected to lead to small movements and
the re-orientation of fossil material following the burial of the fossil
material. The faunal remains would be concentrated in a single area of
the site which represents (the edges of) the exposed delta plain.
Furthermore, lake level fluctuations result in the existence of relict
shorelines corresponding to a certain lake level. The existence of relict
shore lines would be associated with low density clusters of fossil ma-
terial located in the lake bed.

3.3. Geogenic displacement by hydrological processes

The geogenic displacement of the faunal assemblage by hydrological
processes implies that the all bones have been subjected to a similar level
of reworking and transportation. No difference in spatial distribution
and orientation should thus be observed between equids and the natural
background fauna and anatomically connected units are expected to be
absent from the fossil assemblage. High-energy processes transport
bones over long distances and result in the absence of small-sized skel-
etal elements, while low-energy processes generally transport bones
over shorter distances and do not result in the absence of small-sized
skeletal elements (Petraglia and Potts, 1994; Schick, 1984).
Small-sized skeletal elements are thus expected to be present in the
faunal assemblage. Furthermore, elongated bone fragments in the
palaeolake and the accumulation zone are expected to have a prefer-
ential orientation resulting from hydrological processes (Kreutzer,
1988). In shallow waters long bones with epiphyses of different densities
are generally oriented parallel to the direction of the current (Thayer
Morton, 1995), while elongated bones with an equal distribution of
weight are generally oriented perpendicular to the current direction
(Lyman, 1994). The orientation of fossil remains on the shore is expected
to be random.

3.4. Hominin waste disposal and storage behaviour

The accumulation of faunal material resulting from hominin waste
disposal and storage behaviour is expected to lead to the spatial clus-
tering of fossil material along the margins of the palaeolake in the
accumulation zone. A small number of faunal remains could be located
further into the palaeolake as bones are tossed into the water body
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Table 1
Scho 13I1-4. Number of faunal remains (NISP) per taxon included in this
research.

Taxon Number of faunal remains (NISP)

Order Carnivora

Homotherium latidens 1
Canis lupus

Vulpes vulpes 1
Order Proboscidea

Palaeoloxodon antiquus 1
Proboscidea indet. 3
Order Perissodactyla

Equus mosbachensis 3958
Equus hydruntinus 2
Stephanorhinus kirchbergensis 1
Stephanorhinus hemitoechus 1
Rhinocerotidae indet. 4
Order Artiodactyla

Cervus elaphus 143
Megaloceros giganteus 2
Cervidae indet. 24
Bos primigenius 19
Bison priscus 23
Bos/Bison 108

(Speth, 2017). Elongated bone fragments in the accumulation zone are
expected to be randomly oriented following storage or disposal activity.
Finally, it is expected that the natural background fauna has a different
spatial signature and orientation compared to the equid remains.

3.5. Frozen lake surface

The use of frozen lake and river surfaces for animal butchering is
common in northern latitudes and has been recorded in ethnography
(Landals, 1990). The animals are trapped on the slippery surface of the
frozen water surface after which the animals are butchered. When the
ice melts, the faunal remains and lithics on the ice sink to the bottom of
the lake where they are scattered by fluvial processes and preserved
(Fisher, 2009; Landals, 1990; Speth, 2017). This process results in the
absence of dense bone accumulations. Instead, the faunal material is
expected to be randomly distributed across the site in low-density bone
clusters. Articulated skeletal elements are also expected to be absent
from the faunal assemblage. Furthermore, after fossil material sank to
the bottom of the lake, minor reworking by hydrological processes may
have resulted in the preferential orientation of elongated bones.

4. Material and methods
4.1. Material

The spatial data from the faunal material from Scho 13II-4 was
recorded during the excavations. The spatial data consists of the X and Y
coordinates of the faunal material. A total of 12,023 faunal remains from
Scho 13I1-4, excavated prior to 2015, have been included in the ana-
lyses. Table 1 gives an overview of the number of identified faunal re-
mains per taxon included in the research. The recording of spatial data
allows for the construction of spatial distribution maps and subsequent
spatial analyses. Orientation data were not recorded during the exca-
vations. However, detailed drawings of every 1 x 1 m square showing
the position and orientation of all the finds larger than 5 cm, have been
made in the field during the excavation. The orientation data of the finds
included in this study has been retrieved from combined scans of the
field drawings and the orientation of a total of 2658 faunal remains were
recorded manually.

4.2. Spatial analysis

The spatial data from the Scho 13II-4 faunal material has been
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integrated in two GIS software packages. ArcMap 10.2.2 software (ESRI,
2014) and QGIS 2.16.2 software (QGIS Development Team, 2009) were
used for the visualization of spatial point data and to conduct subse-
quent spatial analyses. The first step in the spatial analysis is to identify
and characterise distribution patterns within the faunal assemblage.
Ripley’s K function (Ripley, 1976) is a statistical point pattern analysis
that has been used to statistically assess the level of spatial clustering of
the faunal remains. Following the identification of clusters in the spatial
point data, the number, location and intensity of the clusters need to be
defined. For this study, kernel density analyses have been conducted
with the Kernel Density Tool in ArcMap 10.2.2 (ESRI, 2014) to identify
the number, location and density of bone clusters. Search radii of 5 and
10 m have been implemented. Furthermore, kernel density analyses
were used to present a visualization of the intensity of the bone clusters.

4.3. Orientation analysis

Skeletal elements are initially positioned in an anatomical context,
which could potentially influence the results of the orientation analyses.
However, there is a clear disarticulation of skeletal elements at Scho
13II-4 (Voormolen, 2008). Even though it is not possible to fully exclude
the possibility that the original orientation of the skeletal elements in
their anatomical position has influenced the orientation of the fossil
material in some cases, the process of disarticulation indicates that the
orientation of the vast majority of the fossil remains were not influenced
by their original anatomical position. Therefore, the original anatomical
position of the skeletal elements was not included as a parameter for the
orientation analysis.

The orientation analysis consisted of three steps. The first step was to
collect orientation data for all elongated bones from Scho 13II-4. The
orientation data has been manually recorded from the excavation plan.
The A-axis was estimated by measuring the maximum length of each
polygon. The B-axis was the measurement of the maximum length of the
segment perpendicular to the A-axis. The values of the A- and B-axis
were then used to calculate I (= A-axis/B-axis), a measure of elonga-
tion. Lastly, the azimuth of the bone was estimated by measuring the
angle between the A-axis of the bone and the Y-axis of the excavation
map (Benito-Calvo and de la Torre, 2011). It is important to take into
account that the manual recording of orientation values may be biased
due to the human tendency to round values (Garcia-Moreno et al., 2016)
and due to the possible lack of accuracy from archaeological site maps
(Dominguez-Rodrigo et al., 2012). For this study, the Y-axis used for the
measurements is the Y-axis of the excavation grid, with 0° at the top of
the map. Fossil remains with an Iz > 1.6 were classified as elongated
bones. Fossil remains with an Ig < 1.6 (n = 45) were excluded from
subsequent analyses.

Subsequent to data collection, the orientation data was visually
summarized in rose diagrams. An online program for the construction of
rose diagrams (Yong Technology Inc, 2014) was utilized to produce the
rose diagrams. Rayleigh’s test, Kuiper’s test (Kuiper, 1960), the Watson
test (Watson, 1961) and the Rao spacing test (Rao, 1969) were per-
formed to assess the uniformity of the orientation data and to identify
the presence of uniform, uni-modal and multi-modal orientations. A
uniform orientation is the random distribution of data points. An
uni-modal orientation is the distribution of data points in a single axis of
orientation. A multi-modal orientation is the distribution of data points
in multiple axes of orientation. The circular statistical tests were con-
ducted in R 3.4.2 (R Core Team, 2013) with the “rayleigh.test”, “kuiper.
test”, “watson.test” and “rao.spacing.test” functions from the R circular
library (Agostinelli and Lund, 2017).

5. Results
5.1. Spatial analysis

Ripley’s K analyses of individual taxa have shown that the equid,
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Fig. 4. Ripley’s K analysis for equids (n = 3960), bovids (n = 150) and cervids (n = 169). Blue: expected K-value. Orange: observed K-value. Grey: confidence
envelope. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 5. Kernel density of a) all fossil remains; b) equids (n = 3960); ¢) bovids (n = 150); and d) cervids (n = 169). 1: palaeolake; 2: accumulation zone; 3: lake shore.

Bandwidth: 10 m. Raster: 10 x 10 m.

bovid and cervid remains are clustered for all distance bands (Fig. 4). No
reliable Ripley’s K analyses could be conducted for carnivores, probos-
cides and rhinoceroses due to the limited sample sizes for these taxa.
Kernel density analysis confirmed that the highest density of faunal
remains is located in the northern part of the accumulation zone (Fig. 5).
Inter-species differences in spatial distribution have been observed.
Equid remains are concentrated in a single, high-density cluster in the
northern part of the accumulation zone. Four clusters of bovid remains

have been identified. The densest cluster is located in the palaeolake,
two clusters are located in the accumulation zone and the final cluster is
situated on the lake shore. The majority of the cervid remains is located
in the palaeolake. Two less dense bone concentrations have been iden-
tified in the accumulation zone, and one cluster is located on the lake
shore. Proboscides, rhinoceroses and carnivores are only represented by
isolated finds which are distributed randomly throughout the site.
Kernel density analyses of equid remains with cut marks and impact



C. Peters and T. van Kolfschoten

a) b)

; ‘i. -

-
ECs

1
v 1
d il

Fig. 6. Kernel density of a) equid remains with cut marks; and b) equid remains
with impact marks. 1: Bandwidth: 5 m. Raster: 10 x 10 m (graphics:
M. Wansleeben).

marks (Fig. 6) show similar patterns of distribution with the highest
concentration of fossil remains located in the northern part of the
accumulation zone.

5.2. Orientation analysis

Faunal remains located in the palaeolake and accumulation zone are
preferentially oriented in two main directions: NW-SE and NE-SW
(Fig. 7). These orientation patterns are statistically significant
(Table 2). The faunal remains on the lake shore show no evidence, both
visually and statistically, of a preferential orientation. These faunal re-
mains have a uniform distribution.
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Inter-species differences in orientation were also observed. Equid
remains are preferentially oriented similar to faunal remains in the
palaeolake and accumulation zone with two main orientations. These
orientations have been proven to be statistically significant. The bovid
remains appear to have an uni-modal distribution, in which the main
axis of orientation is N-S. However, Rayleigh’s test has rejected the
existence of an uni-modal distribution. The cervid remains appear to
have an uni-modal distribution with a main axis of orientation NW-SE.
This orientation has also been rejected by Rayleigh’s test. The discrep-
ancy between the visualization of orientation data in rose diagrams and
statistical tests may be connected to a small sample size.

Table 2
Scho 13II-4. Results of circular statistical test results. V: values that reject the
null hypothesis of circular uniformity.

Rayleigh Kuiper Watson Rao spacing
test test test test
Complete faunal v A% A% v
assemblage
Palaeolake - A% A% \%
Accumulation zone v A A% v
Lake shore - - - -
Equids \Y A% v \Y
Equids in palaeolake - - - v
Equids in accumulation - A - v
zone
Equids on lake shore - - - \Y
Bovids - - - -
Cervids - - - -

Fig. 7. Rose diagrams presenting the orientation of fossil remains: a) palaeolake (n = 888); b) accumulation zone (n = 1556); c) lake shore (n = 112); d) equids (n =

896); e) bovids (n = 37); and f) cervids (n = 30).
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Table 3

Journal of Archaeological Science 114 (2020) 105067

Comparison of the expected spatial distribution and orientation of the proposed site formation models to the results of this study, as well as results from Julien et al.,
(2015), Rivals et al., (2015) and Stahlschmidt et al., (2015). X represents instances in which the expectation corresponds to the results.

Single hunting and Multiple hunting and Exposed delta ~ Geogenic Hominin waste disposal/ Frozen lake
butchering event butchering events plain displacement storage behaviour surface

Spatial distribution

- Equids X X X X

- Natural background fauna X X X X

Orientation

- Equids X X

- Natural background fauna X X

- Accumulation zone X

Depositional environment ( X X X

Stahlschmidt et al., 2015)
Seasonality (Julien et al., 2015; X X X

Rivals et al., 2015)

6. Discussion and conclusion

The results of the spatial analyses indicate that there are inter-species
differences in distribution, with equids densely clustered in the accu-
mulation zone. Opposed to this, the orientation of the faunal remains
suggests fluvial reworking in this area of the site. This implies that the
faunal material has not been transported by fluvial processes, but is
more likely to have been rearranged. In order to identify which site
formation model is most parsimonious with the collected data for this
study, the results have been compared to the expected results of each site
formation model (Table 3).

1) A single or multiple hunting and butchering event could lead to the
close spatial association of multiple butchered horse carcasses. The
spatial clustering of equid remains in the accumulation zone thus
confirms the expectation for a single or multiple hunting and
butchering event model. However, the preferential orientation of
equid remains, with the existence of two perpendicular axes of
orientation, is distinctive of fluvially reworked assemblages. The
preferential orientation of equid remains thus contradicts the single
and multiple hunting and butchering events models. The permanent
water coverage of the Scho 13II-4 site (Stahlschmidt et al., 2015) is
also not compatible with the single and multiple hunting and
butchering event models.

Inter-species differences in spatial distribution have been observed.
The displacement of fossil material by hydrological processes implies
that all bones have been subjected to a similar level of reworking and
transportation. The discrepancy between the spatial distribution of
equid remains and the spatial distribution of remains of other taxa is
thus not congruent with the expectations for the geogenic displace-
ment model. Several associated skeletal elements from equids as well
as a partial skeleton have been revealed in the northern part of the
accumulation zone. Furthermore, associated leg and foot bones from
red deer were identified (Van Kolfschoten et al., 2015a), which
further disproves the geogenic displacement model.

The spatial clustering of faunal remains in the accumulation zone
and the existence of multiple accumulation events at Scho 13II-4 is
congruent with the hominin waste disposal and storage behaviour
model. The exposed delta plain model and hominin waste disposal
and storage behaviour model imply that the fossil material was not
transported by fluvial action. Evidence of preferential orientation of
the Scho 131I-4 faunal assemblage thus invalidates these models.
The use of frozen lake and river surfaces for animal butchering is
expected to result in the absence of dense bone accumulations. The
high-density accumulation of equid remains in the accumulation
zone is thus opposite to the spatial distribution that would be ex-
pected for the frozen lake surface model. Furthermore, observed
variability in carbon and oxygen isotope values of the Scho 13II-4
horse remains (Julien et al., 2015) and variation in equid tooth

2

—

3

-

4

—

microwear patterns (Rivals et al., 2015) indicate different seasons of
death for the sampled equids.

Summarizing it can be stated that the site formation history of Scho
13I1-4 consists of a complex web of anthropogenic activities and natural
processes. The previously proposed site formation models are thus
overly simplified and cannot be used to explain the site formation his-
tory of Scho 13II-4. Instead, a combination of several site formation
models provides a better approximation of the site formation history. An
alternative site formation model that draws upon a couple of the pre-
viously proposed site formation models is thus suggested. The spatial
and orientation data implies that the equid assemblage consists of a mix
of anthropogenically accumulated remains and natural background
fauna. The anthropogenically accumulated remains, the majority of
which are equids, possibly result from multiple episodes of hominin
waste disposal and storage behaviour. The natural background fauna,
including equids, bovids and cervids, has been subjected to low-energy
hydrological processes in a lacustrine environment. The bi-modal nature
of the orientation data suggests that the faunal assemblage has been
deposited along the margins of a palaeolake.

The findings presented in this study contribute to our understanding
of the complex formation processes that shaped the Scho 131I-4 site. Our
results support the findings of the micromorphology study by
Stahlschmidt et al. (2015). The faunal material was likely deposited in
place and was covered by water at the time of deposition or shortly after.
This resulted in the rearrangement of the faunal material by fluvial
processes.
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