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ABSTRACT
Opinions on the nature and distinctiveness of the Chinese Paleolithic differ between those who
assign early Late Pleistocene lithic technologies to some peculiar facies of the Middle Paleolithic,
and those who interpret them as reflecting the persistence of essentially Lower Paleolithic
traditions. The absence of Levallois debitage and organic soft hammers are often used as
arguments, amongst others, in favor of the second hypothesis. Here, we report new supporting
data for the use of bone retouchers and pressure flakers in knapping activities. The specimens
were found at the Lingjing site, Xuchang County, Henan, in a layer dated between 105 and
125 ka. This discovery emphasizes the importance of combining evidence from a variety of
aspects of material culture, including anthropogenically modified faunal remains, in order to
accurately define Chinese Paleolithic technological traditions.
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Introduction

Owing to the ubiquitous presence of lithics in the archae-
ological record, the elaboration of interpretative frame-
work in Old World archeology heavily relied on the
association of lithic assemblages to specific stages of cul-
tural development, i.e. Early or Lower, Middle, and Late or
Upper. This tripartite subdivision was thought to corre-
late with human behavioral and cognitive development,
from simpler to more complex (Klein, 2009; Trigger,
1989). Pioneers of Chinese archeology borrowed this
schematic subdivision from European and American
scholars familiar with the European Paleolithic to classify
their findings based on morphological differences in
tools and cores (see Bar-Yosef & Wang, 2012 for a
review). The chronological subdivision of the Chinese
Paleolithic remained relatively unquestioned throughout
the XXth century. However, the review by Gao and
Norton (2002) triggered a debate on the existence of a
“Middle Paleolithic” in China. Two contrasting views are
confronted. There are those who interpret early Late
Pleistocene lithic technologies as reflecting the persist-
ence of essentially Lower Paleolithic traditions (Gao,
2013; Gao & Norton, 2002; Ikawa-Smith, 1978; Li, 2014;
Norton & Jin, 2009; Norton, Gao, & Feng, 2009; Seong &
Bae, 2016), and those who assign them to some peculiar

facies of the Middle Paleolithic (Yee, 2012; Li, 2018; Li, Li,
Gao, Kuman, & Sumner, 2019; Zhang, 1985).

It has been suggested that most Chinese lithic assem-
blages dated between 300 and 40 ka lack obvious tem-
poral trends and are characterized by the persistence
of core-and-flake technology (Gao, 2013; Gao & Norton,
2002; Ikawa-Smith, 1978; Li, 2014; Norton et al., 2009;
Norton & Jin, 2009; Seong & Bae, 2016). Poor-quality
local raw materials are preferred to exotic lithic
sources, the cores show seldom preparation, their
reduction most often involves direct hard hammer per-
cussion, block-on-block technique or bipolar percussion,
and retouched flakes are rare (Gao, 2013), making these
industries hardly distinguishable from Chinese Lower
Paleolithic traditions. This pattern contrasts with the
one observed in other regions of Eurasia. For instance,
the Western Eurasian Middle Paleolithic witnessed the
development of the Levallois debitage, the diversifica-
tion in raw material selection and reduction strategies,
the common use of organic soft hammer, and the sys-
tematic shaping of stone tools by retouch. The apparent
absence of such technological features in large areas of
China prior to 40 ka has been interpreted as a conse-
quence of relatively stable environmental conditions
coupled with low-intensity resources exploitation, high
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group mobility, and the absence of large-scale popu-
lation replacement events (Gao, 2013). Furthermore,
some authors suggested that the persistent preference
through time for simple, yet flexible, stone tool technol-
ogies likely signals the production of perishable tools
made of bamboo (Bar-Yosef & Wang, 2012; Bar-Yosef,
Eren, Yuan, Cohen, & Li, 2012; Boëda & Hou, 2011a,
2011b; Pope, 1988; Schick & Zhuan, 1993). Consequently,
some authors argued the term “Middle Paleolithic” had
no meaning in most of East Asia (Gao, 2013; Gao &
Norton, 2002; Ikawa-Smith, 1978; Norton et al., 2009;
Norton & Jin, 2009; Seong & Bae, 2016), and its use
should be restricted to the assemblages comprising
Mousterian diagnostics, such as those found in the per-
ipheral regions of northern China, i.e. the Ningxia Auton-
omous Region (Gao & Norton, 2002), the Jilin Province (Li,
Kuhn, et al., 2018; Wang, Wei, Chen, Tang, & Wang, 2010),
and the Inner Mongolia Region (Chen et al., 2014).
However, such interpretative model fails to account for
sites such as Panxian Dadong (Otte, Weiwen, Hu, &
Hou, 2017) and Guanyindong Cave (Hu et al., 2019), in
southern China, where diagnostic Levallois tools and
by-products were discovered in archaeological layers
dated between 300 and 80 ka.

Over the last decade, the putative stasis of Chinese
Paleolithic lithic technologies penecontemporaneous to
the European Middle Paleolithic has been questioned.
Traditionally, lithic management had been assessed
from core reduction strategies, tool typology and the
transport of non-local raw material. However, new exca-
vations and re-assessments of known lithic assemblages
along distinct lines of evidence are now revealing a pre-
viously unforeseen diversity in stone technologies. It
now appears that different cultural adaptive systems
coexisted in China from the onset of the Late Pleistocene
(see Li, 2018 for a review), and likely contributed, along-
side the emergence of blade and bladelet technologies
(Brantingham, Krivoshapkin, Li, & Tserendagva, 2001;
Lin et al., 2018; Madsen et al., 2001; Madsen et al., 2014;
Morgan, Barton, & Bettinger, 2017), to the highly diver-
sified cultural traditions of the Chinese Late Paleolithic
(Qiu, 2009). As Yee (2012) points out, innovative technol-
ogies gradually appear in Chinese assemblages between
300 and 40 ka, and more work is required to accurately
assess the original character of these regional cultural tra-
jectories. The recent discovery of the oldest bone tools
known to date in East Asia highlights the importance of
identifying such characters from a variety of aspects of
past material culture (Doyon, Li, Li, & d’Errico, 2018),
including anthropogenically modified faunal remains, in
order to accurately define Chinese Paleolithic technologi-
cal traditions. These tools consist of bone retouchers and
organic soft hammer used in knapping activities (Figure

1). They come from the Lingjing site (Xuchang, Henan),
and were found in a layer dated between 105 and
125 ka, which has also yielded important archaic
hominin remains (Li, Wu, et al., 2017; Trinkaus & Wu,
2017). This discovery supports the latest technological
analysis of the associated lithic assemblage found in the
same layer, which indicates the shaping and resharpen-
ing of stone tools at this locality was produced through
freehand hard hammer and organic soft hammer percus-
sion (Li et al., 2019). Li et al. (2019) also hypothesized,
based on technological and experimental evidence, the
use of pressure flaking for retouching stone implements.
In the present paper, we provide further evidence to sub-
stantiate these claims. We describe four additional bone
retouchers as well as two pressure flakers (French: com-
presseur) recovered from Lingjing, layer 11.

Bone retoucher versus compressor

Bone retouchers were signaled in the literature since the
end of the XIXth century (see Patou-Mathis & Schwab,
2002 for a review), and were first interpreted as
implements used for the manufacture of stone tools by
Henri-Martin (1906). Traces left on bone fragments
during their experimental use as retouchers have been
widely described (Armand & Delagnes, 1998; Chase,
1990; Mallye et al., 2012; Mozota Holgueras, 2012a;
Patou-Mathis, 2002; Semenov, 1964; Vincent, 1993).
Archaeological bone fragments used in knapping activi-
ties present single or multiple areas, generally close to
the bone ends, bearing modifications that consist of
deep, short, closely clustered pits and scores that are
sometimes associated to scale removals of cortical lamel-
lae. Apart from a few specimens from African sites (Back-
well & d’Errico, 2005; d’Errico & Henshilwood, 2007), most
of the bone retouchers described in the scientific litera-
ture were found in Europe and the Levant. This tool
type sporadically appears in the European archaeological
record between MIS12 to MIS10, and become a common
feature of the Neanderthal toolkits as of MIS9 (e.g.
Abrams, 2018; Abrams, Bello, Di Modica, Pirson, &
Bonjean, 2014; Blasco et al., 2013; Costamagno et al.,
2018; Daujeard et al., 2014, 2018; Hardy, Pothier Bou-
chard, & Doyon, 2014; Jéquier et al., 2015; Jéquier, Livra-
ghi, Romandini, & Peresani, 2018; Jéquier, Romandini, &
Peresani, 2012; Julien et al., 2015; Kolobova, Markin, &
Chabai, 2016; Moigne et al., 2016; Moncel, Moigne, &
Combier, 2012; Pérez, Hernández, & Galván, 2019;
Rosell, Blasco, Martin-Lerma, Barkai, & Gopher, 2018;
Rosell et al., 2011; Sévêque & Auguste, 2018; Thun
Hohenstein, Bertolini, Channarayapatna, Modolo, &
Peretto, 2018; Toniato, Münzel, Starkovich, & Conard,
2018; van Kolfschoten, Parfitt, Serangeli, & Bello, 2015).
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Bone compressors, or pressure flakers, were defined
by de Mortillet and de Mortillet (1910) as a bone tool
characteristic of the Solutrean period (c. 26–23 ka),
used to produce invasive pressure retouch. Rigaud
(1977) briefly described the stigmata appearing on the
bones fragments he experimentally used for shaping
stone tools by pressure retouch, which consist of
primary and secondary striations deeply engraved on
the bone blanks. Unfortunately, the experimental speci-
mens were not illustrated, which impedes visual com-
parison. To this day, the distinction between bone
retoucher and pressure flakers remain somewhat

blurred. This is in part due to the fact that bone frag-
ments could take an active or passive role in pressure
retouch (sensu Armand & Delagnes, 1998). In the
former role (Figure 2(a)), the bone implement is placed
on the stone implement and the pressure is exerted on
the bone towards the stone to remove a flake. Exper-
imental replications and archaeological comparisons
(d’Errico, Backwell, & Wadley, 2012; Nami & Scheinsohn,
1997) show the traces produced by this motion consist
of linear scores perpendicular to the tool’s longitudinal
axis, sometime combined with striations sub-parallel to
this same axis. These striations indicate the secondary

Figure 1. Bone retouchers previously documented from Lingjing; (a–c): curated bone retouchers on weathered bones; (d–f): expedient
bone retouchers on fresh bones; (g): antler occasionally used in knapping activities. Modified from Doyon et al., 2018, available via
license CC BY 4.0. Scale = 3 cm.
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contact of the pressure flaker on the edge of the stone
tool following the detachment of a flake. When the
bone compressor takes a passive role in pressure
retouch (Figure 2(b)), the stone implement is placed on
the bone and the pressure is exerted from the stone
tool towards the bone. The resulting stigmata would
consist of tightly clustered pits and linear scores
(Armand & Delagnes, 1998; Mozota Holgueras, 2015).
Their superimposition and depth increase with the pro-
longed use of the bone implement. They can sometime
be confounded with impact scars resulting from the
blow of a bone retoucher on the stone implement

(Figure 2(c)), although, on the latter, they tend to be
more dispersed on the used area (Mozota Holgueras,
2015).

Archaeological context

Lingjing (34° 04′ 08.6′′ N, 113° 40′ 47.5′′ E, elev. 117 m) is
an open-air site located about 120 km south of the
Yellow River in northeast Xuchang County, Henan Pro-
vince, northern China (Figure 3). This water-lain deposit
with a still active water spring was discovered in 1965
when microblades, microcores (Chen, 1983), and faunal
remains were found on the surface (Li, Wu, et al., 2017).
Since 2005, excavations of a 551 m2 area allowed the
identification of eleven geological layers, numbered
from 1 at the top to 11 at the bottom, within a 9 m
deep sedimentary sequence. The top of the sequence
includes layers 1–4, Holocene in age, which yielded
material culture spanning from the Shang-Zhou Dynas-
ties to the Neolithic. Layer 5 spans from the Younger
Dryas to the LGM and contains microblade technology,
microcores, bone artefacts, perforated ostrich eggshells,
ochre, faunal remains, and the first evidence of pottery
appearing in the region (Henan Provincial Institute of
Cultural Relics and Archaeology, China et al., 2018; Li,
Kunikita, & Kato, 2017; Li & Ma, 2016). Layers 6–9 are
sterile. Layers 10 and 11 were deposited during the
early Late Pleistocene. Both yielded lithic artefacts and
faunal remains (Li, Li, Lotter, & Kuman, 2018). Two incom-
plete human skulls were found in layer 11. They bear a
mosaic of morphological features interpreted as indicat-
ing both regional continuity and interregional popu-
lation dynamics (Trinkaus et al., 2017; Li, Wu, et al., 2017).

The faunal assemblage from the early Late Pleistocene
layers mainly includes Equus caballus, Equus hemionus,
and Bos primigenius remains. The faunal spectrum is
complemented with skeletal elements of Megaloceros
ordosianus, Cervus elaphus, Coelodonta antiquitatis, Pro-
capra przewalskii, Dicerorhinus mercki, Pachycrocuta cf.
sinensis, Palaeoloxodon sp., Viverra cf. zibetha, Ursus sp.,
Sus lydekkeri, Hydropotes pleistocenica, and Axis shansius
(Dong & Li, 2009; Li & Dong, 2007). Despite the presence
of hyena remains and coprolites at the site (Li & Dong,
2007; Wang, Li, Song, & Wu, 2015; Wang, Wu, Song,
Zhao, & Li, 2014), this specie likely played a limited role
in the accumulation of the faunal assemblage (Zhang,
Gao, Zhang, & Li, 2011). The skeletal element profile of
equids and bovids dominated by limb bones (>60%),
the high frequency of cut-marks (∼34%), and their
location on bone midshafts indicate Lingjing layer 11
was a kill-butchery site (Zhang, Li, Zhang, & Gao, 2009,
2011, 2012). The grassland-dominated vegetation with
a mosaic of scattered and mixed forests (Li & Dong,

Figure 2. Illustration of the relative position and motion of the
lithic and bone tools in (A) pressure flaking with an active
bone tool, (B) pressure flaking with a passive bone tool, and
(C) retouching by percussion with a bone retoucher.
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2007) combined with the presence of an active water
spring surely attracted both humans and animals at
Lingjing throughout the early Late Pleistocene, as
attested by the uninterrupted vertical distribution of
faunal and lithic remains in layers 10 and 11 (Li, Li,
et al., 2018).

The six bone tools reported in the present study come
from layer 11. OSL ages indicate the deposition of this
layer occurred between 105 and 125 ka (Nian, Zhou, &
Qin, 2009), which corresponds to the early phases of
MIS5 (MIS5e to MIS5d). The Lingjing hominins mainly
exploited local lithic raw material such as quartz and
quartzite. Sandstone, basalt, and chert are also rep-
resented in marginal proportions (Li, Li, et al., 2018).
The lithic assemblage includes hard hammers, some of
which were recycled into cores (Figure 4), a variety of

cores (i.e. multifacial, discoidal, single platform, etc.),
flakes, formal tools (i.e. scrapers, notches, denticulates,
borers, points, choppers, etc.), and debris (Li et al.,
2019). With regard to the shaping and resharpening of
stone implements, retouch by hard hammer percussion
dominates the assemblage (74.2%). However, the use
organic soft hammer percussion (8.5%) and pressure
flaking (12.0%) have also been documented (Li et al.,
2019). Organic soft hammer percussion produces flakes
with relatively small size platform, diffused bulb of per-
cussion and a projecting lip (Henry, Haynes, & Bradley,
1976; Newcomer, 1971; Schick & Toth, 1993). In compari-
son, stone implements bearing evidence of pressure
retouch present less invasive sub-parallel retouch scars
forming a micro-denticulated edge (de la Peña, Wadley,
& Lombard, 2013; Moure, Villa, & Henshilwood, 2010).

Figure 3. A: Location of Lingjing; B: Stratigraphy indicating the geological and cultural layers. Reproduced after Doyon et al., 2018,
available via license CC BY 4.0.
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Together with the identification of use wear on some
artefacts (Li, 2007), this evidence suggests knapping
activities, and tool manufacture, use, and repair occurred
at the site. Finally, layer 11 also yielded two engravings
on weathered rib fragments, one of which was covered
with ocher (Z. Li et al., in press). This discovery represents
the oldest instance of the symbolic use of bone known to
date in East Asia.

Materials and methods

The faunal assemblage from Lingjing amounts to more
than 50,000 remains and is curated at the Henan Provin-
cial Institute of Cultural Relics and Archaeology, ZhengZ-
hou, P.R. of China. The artefacts described in the present
study were identified during a primary taphonomic
assessment of 4,604 faunal remains. This sample includes
all the faunal remains recovered in 2017 (n = 2,236; layer
10: n = 976; layer 11: n = 1260), and a comparative
sample from layer 11 that was randomly selected
amongst the specimens unearthed during the 2005–

2016 excavations (n = 2,368). Anthropogenic modifi-
cations were distinguished from natural ones following
criteria published in the literature (Behrensmeyer, 1978,
1986; Fernández-Jalvo & Andrews, 2016; Fisher, 1995;
Lyman, 1994; Noe-Nygaard, 1989, 1987; Shipman &
Rose, 1983). A particular attention was given to natural
and anthropogenic processes that could produce
traces similar to those resulting from the use of bone
fragments in knapping activities (see below).

Morphometric data, i.e. maximum length, width, and
thickness of the bone retouchers and pressure flakers,
were collected using a digital caliper. Owing to the lack
of characteristic anatomical features, species and ana-
tomical element could not be recorded in most cases.
Therefore, the cortical thickness of the bone was used
to estimate the animal size class. Surface modifications
resulting from the use of bone in knapping activities
were identified based on similarities they shared with
archaeological and experimental specimens (Daujeard
et al., 2014, 2018; Doyon et al., 2018; Hardy et al., 2014;
Hutson et al., 2018; Karavanić & Šokec, 2003; Mallye
et al., 2012; Mozota Holgueras, 2008, 2009, 2012a,
2012b, 2015; Patou-Mathis, 2002; Zhang et al., 2018).
The number of pits, scores, and scale removals of the
primary lamellae were counted in accordance with the
terminology proposed by Mallye et al. (2012, p. 1133).
“Pits” correspond to depressions on the bone surface
produced by its impact on an angular edge of a stone
implement. Their form could either be trihedral or
ovoid. Among the faunal spectrum identified at the
site, both hyenas and bears could have been potential
agents for the formation of shallow pits on bone diaphy-
sis. To err on the side of caution, we only counted pits
with an angular morphology that were located close to
the edge of the bone fragments and found in association
with other traces characteristic of knapping activities.
“Scores” are more of less deep incisions produced by
the impact on a flat edge of a stone tool. Their form
can be linear, sinuous, concave or convex, and their
internal morphology is either smooth or rough. They
differ from other linear marks made by humans or
animals in that they show seldom evidence for a direc-
tional movement on the bone surface. Furthermore, con-
trary to root etching, they do not present a corroded
branching pattern. “Scale removals” refer to the superfi-
cial detachments of the primary bone lamellae. They
differ from flaking by weathering and desquamation
resulting from the bone being exposed to a highly alka-
line environment. Indeed, their occurrence is generally
localized and in association with pits and scores, which
is indicative of a fairly intensive use of the bone fragment
as a retoucher. Finally, the intensive use of a bone retou-
cher results in the superimposition of traces of impact

Figure 4. Sample of hard hammers found at Lingjing. Scales =
3 cm.
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that are grouped into clusters. On archaeological speci-
mens, the maximum length and width of these clusters
were recorded. The traces of impact were counted, and
the clusters’ dimensions were measured on photographs
of the specimens with the ImageJ software (Schindelin,
Rueden, Hiner, & Eliceiri, 2015).

We experimentally reproduced the traces of impact
on bone surface resulting from passive and active
pressure retouch as well as organic soft hammer
retouch. We used an antler of Capreolus pygargus bed-
fordi and limb bone fragments of an ox to retouch
flakes detached by hard hammer percussion from
cobbles of quartzite similar in shape and size to those
from in the lithic assemblage. The number of flaking
attempts varied between 25 and 40 for each technique
(Figure 2). Wear pattern was monitored after each
flaking attempt. The stigmata produced on the bone
surface by each technique were compared to the ones
recorded on the archaeological specimen in order to
test our functional interpretation of the osseous tools.
The maximum length, width, and thickness of the
retouch flakes detached by each technique were
recorded and compared. The archaeological and exper-
imental artefacts were photographed with a Pentax
reflex K-r and studied with a Zeiss Smartzoom5 multifo-
cus microscope at magnifications ranging from 10x to
50x. The quantitative data was processed in the
PAST3.1 Software (Hammer, Harper, & Ryan, 2001).

Results

Taphonomic modifications

The faunal assemblage excavated at Lingjing in 2017 is
highly fragmented with 85% of the remains from layer
10 and 70% of those from layer 11 measuring less than
5 cm in maximum length (Figure 5(a)). Important differ-
ences are observed between the two layers in terms of
surface modifications (Figure 5(b)). The faunal elements
from layer 10 are heavily affected by weathering
(58.6%), which prevents to fully grasp the type of modifi-
cations they underwent prior to their deposition. The
other natural modifications include concretion deposits
(51.2%), black stains likely due to manganese dioxide
alterations (18.4%), and root-etching (3.9%). The
remains from layer 11 are less affected by weathering
(29.0%). They often bear concretion deposits (67.9%)
and evidence of root etching (35.8%). Manganese stain-
ing is rather limited (3.5%). These observations are coher-
ent with the recent conclusions drawn from the analysis
of the site formation processes. The deposition of layer
11 likely occurred in a relatively stable, closed and
oxygen-poor environment, while the remains from

layer 10 were subjected to more frequent rise and fall
of the spring water levels (Li, Li, et al., 2018).

When combining the faunal remains from the 2017
excavation and the comparative sample, surfaces not
affected by weathering and bearing little or no concre-
tions show seldom modifications by carnivore (<1%).
Only rare instances of pits, scores, and etching owing
to digestion were observed. Cut marks are the main
anthropogenic modification recorded on the assem-
blage (17.8%). Other modifications include staining pro-
duced by heat (3.9%), percussion marks possibly for
marrow extraction (2.2%), and traces of use as bone
retoucher (<1%). The type of anthropogenic modifi-
cations and their relative frequencies are likely underes-
timated in the Lingjing, layer 11, assemblage owing to
the frequent weathering of, and concretion deposits
on, the bone surface. Nonetheless, surface areas not
affected by these processes are relatively well preserved
and some specimens bear unambiguous traces attesting
for their use in a variety of knapping activities.

Technological analysis

The specimens bearing evidence for their use as retou-
chers are limb bone fragments from medium to large
size mammal presenting fresh fractures (n = 3) and a
metapodial fragment of a medium size mammal
(10L218) with both fresh and weathered fractures
(Figures 6–9, Table 1). On one edge of specimen
6L1505, a conchoidal fracture on the endosteal aspect
is associated with two periosteal impact scars. This com-
bined feature likely resulted from marrow extraction
activities. The various taphonomic alterations, i.e. weath-
ering, root etching, concretion deposits, cut marks and
heat stain, do not mask the areas where impact traces
resulting from knapping activities are present. Each
specimen bears a single used area close to the edge
(Table 2). The length of the used area varies from 19.4
to 29.9 mm (average: 24.4 mm; standard deviation:
4.9 mm), while their width is comprised between 10.3
and 13.5 mm (average: 11.8 mm; standard deviation:
1.4 mm). The number of impact scars varies between
33 and 140 within each used area, 78.4% of which are tri-
hedral pits. Both pits and linear scores have a rough
internal morphology. The presence of superficial stria-
tions tightly clustered between the used area and the
distal edge of the tool on 5L587 and 5L611 indicate
these two specimens were also used to prepare the
margins of the lithic tool before retouching or resharpen-
ing it (sensu Jéquier et al., 2018).

Two bone fragments bear evidence for their use as
pressure flaker. Specimen 6L1731 is a limb bone frag-
ment of a large size mammal presenting fresh fractures,
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Figure 5. Proportion (%) of specimens from the faunal assemblage excavated in 2017 (layer 10: n = 976; layer 11: n = 1260) at Lingjing
(A) by maximum length classes, and (B) affected by post-depositional surface alterations.

Figure 6. Bone retoucher 5L587 from the Lingjing site. Descriptive, morphometric and technological data available in Tables 1–2.
Scales = 1 cm.
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cut marks, and alteration of its periosteal surface by
weathering (Figure 10). Close to the distal end, two clus-
ters of tightly superimposed pits and linear scores are
visible. The absence of striations and the configuration
of the impact scars over the used area suggest this
bone fragment served as a passive pressure flaker in at
least two occasions. Specimen 17L2889 is a fragment

of a cervid antler tine with a recent proximal fracture
and three ancient step-fractures adjacent to one
another on one aspect of the distal end (Figure 11). Its
cortical surface is slightly weathered and bears small con-
cretion deposits. The distal end of the antler tine pre-
sents, on the face opposite to the distal step-fractures,
ten parallel striations, i.e. six deep and four superficial,

Figure 7. Bone retoucher 5L611 from the Lingjing site. Descriptive, morphometric and technological data available in Tables 1–2.
Scales = 1 cm.

Figure 8. Bone retoucher 6L1505 from the Lingjing site. Descriptive, morphometric and technological data available in Tables 1–2.
Scales = 1 cm.
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running along the longitudinal axis of the tool. These
slightly curved marks resulting from the secondary
contact of the pressure flaker on the lithic sharp edge
indicate the same motion was successively applied to
detach flakes from the stone implement. This evidence
suggests this antler tine was used as an active pressure
flaker.

Experimental comparison

During our active pressure retouch experiment, deep
striations longitudinal to the tool’s axis rapidly developed
on the antler tine’s surface, i.e. within the first five
attempts to detach a flake (Figure 12(a)). Prolonged use
of one tine resulted in the formation of a facetted
surface covered with similar striations (Figure 12(b)).

The use of a limb bone fragment for passive pressure
retouch resulted in the development of a sub-circular
used area with superimposed pits and scores. This used
area became clearly visible after 15–20 retouch attempts
(Figure 12(c)). Finally, each attempt to retouch quartzite
by freehand soft hammer percussion produced a trace
of impact, i.e. either a pit or a score, on the bone
surface. These traces were spread over the use area
(Figure 12(d)).

The retouch flakes detached with each technique
differ in a number of ways. When their size is considered,
active pressure retouch produced the smallest flakes
while freehand soft hammer percussion produced the
biggest (Figures 12(e–g), 13). Interestingly, passive
pressure flaking produced an impressive quantity of
dust particles from crushing the stone flake on the

Figure 9. Bone retoucher 10L218 from the Lingjing site. Descriptive, morphometric and technological data available in Tables 1–
2.Scales = 1 cm.
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Table 1. Descriptive and morphometric data on Lingjing (layer 11) bone retouchers and pressure flakers.
Catalog N̊ Tool type Animal size Specie Element Lateral fractures Distal fracture Proximal fracture Taphonomy Length (mm) Width (mm) Thickness (mm) Cortical thickness (mm)

5L587 Retoucher M na Limb bone F F F h, re 90.9 23.3 15.9 6.6
5L611 Retoucher M na Limb bone F F F re 78.5 18.4 12.1 8.7
6L1505 Retoucher L na Limb bone F F F c, re, w 117.1 50.4 26.3 13.9
6L1731 Passive pressure flaker L na Limb bone F F F cm, w 80.7 58.1 22.3 15.3
10L218 Retoucher M na Metapodial W F W c 102.9 17.8 10.7 6.8
17L2889 Active pressure flaker M Cervid sp. Antler tine - na R c, w 30.4 16.1 13.0 2.7

Animal size: L = large; M =medium; S = Small.
Fractures: F = fresh; R = recent; W = weathered; na = not applicable.
Taphonomy: c = concretion deposits; cm = cut marks; h = heat stain; re = root etching; w = weathering.

Table 2. Technological data on Lingjing (layer 11) bone retouchers and pressure flakers.

Catalog
N̊ Tool type

Number of
used area

Used area -
Length
(mm)

Used area
– Width
(mm)

Number
of pits

Number of
scores

Number of
scale

removals
Minimum

impacts/mm2 Striations
Internal

morphology

5L587 Retoucher 1 27.1 13.5 115 25 20 0.3827 css rough
5L611 Retoucher 1 21.3 10.3 56 7 4 0.2872 css rough
6L1505 Retoucher 1 19.4 12.2 27 10 3 0.1563 rough
6L1731 Passive

pressure
flaker

2 12.5 9.9 10 12 6 0.1778 - rough

4.7 5 5 – 3 0.2128 – rough
10L218 Retoucher 1 29.9 11.3 23 10 6 0.0977 – rough
17L2889 Active

pressure
flaker

– – – – – – 10 rough

Striations: css = cluster of superficial striation indicating the preparation of the margins of the lithic tool before retouching or resharpening.
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bone surface. The similar bone surface modifications
observed on both the archaeological and the experimen-
tal specimens support the functional interpretations
drawn from the technological analysis (see above).

Discussion

The results presented thus far highlight a diversity of
know-how in knapping activities at Lingjing. Three dis-
tinct behavioral strategies had previously been ident-
ified for the use of bone retouchers at this site (Doyon
et al., 2018). The first one consists of selecting bone
flakes resulting from butchery and carcass processing
activities, and utilizing them as such for the expedient
retouching and resharpening of stone tools (Figure 1
(d–f)). The second entails fracturing weathered bones,
mainly cervids’ metapotials, and shaping them into

elongated splinters to be utilized over a long period
of time (Figure 1(a–c)). The third strategy refers to the
occasional use of antler as soft hammer (Figure 1(g)).
The bone retouchers described in the present study
fall into the first category. Fresh fractures are present
on every specimen, and the tools all bear impact scars
clustered in a single area. These bone fragments were
likely selected at the site amongst the carcass proces-
sing by-products and discarded after an expedient
retouching or resharpening event. Although specimen
10L218 comes from a metapodial of a medium size
mammal, the number of impact scars and their
configuration is similar to that observed for knapping
area present on expedient retouchers. The two pressure
flakers highlight previously undocumented behavioral
strategies with regards to the use of bones in knapping
activities. When large bone fragments were selected,

Figure 10. Passive bone pressure flaker 6L1731 from the Lingjing site. Descriptive, morphometric and technological data available in
Tables 1–2 Scales = 1 cm.

Figure 11. Active bone pressure flaker 17L2889 from the Lingjing site. Descriptive, morphometric and technological data available in
Tables 1–2 Scale = 1 cm.
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they served as a passive tool for pressure retouch. Antler
tines, on the other hand, were utilized as an active
pressure tool.

Together with the hard hammers found in layer 11,
the osseous knapping and retouching tools indicate
that Lingjing archaic hominins possessed an extensive
knowledge of the mechanical properties of both the
organic and mineral resources available in their environ-
ment, and knew how to take advantage of these proper-
ties in their subsistence activities. The behavioral
strategies described above suggest the choice of
osseous raw material was not random. Although most
bone retouchers fall in the category of expedient tools
to satisfy an immediate need, the other specimens
suggest the prehistoric artisans sometime intentionally
targeted specific skeletal elements to perform particular
knapping, retouching and resharpening tasks. More
experimental and technological research is required to
precisely understand the relationship between the
types of raw material selected and the types of knapping
activities they were devoted to. Nonetheless, such
behavioral consistencies suggest the material culture
from Lingjing is likely the expression of a long-lasting tra-
dition whose origin and evolution remain to be eluded.

Future taphonomic and technological investigations of
Middle and Late Pleistocene faunal assemblages from
East Asia may help identify the origin and evolution of
these technological traditions at a regional level.

These results have a broader implication on the
nature of cultural adaptations during the early Late Pleis-
tocene, a crucial moment for the dispersals of archaic
and modern human populations in East Asia (Armitage
et al., 2011; Bae et al., 2014; Cai et al., 2017; Groucutt
et al., 2015, 2018; Liu et al., 2010; Petraglia et al., 2007;
Shen et al., 2013). The apparent technological stability
in East Asian lithic traditions at this time may in fact be
illusory. Despite being reminiscent of the Lower Paleo-
lithic simple core-and-flake toolkits when viewed in
terms of core reduction strategy, raw material procure-
ment or tool type, these features of Chinese lithic assem-
blages only represent a limited number of aspects of past
cultural adaptations. The temporal trends required to
characterize more precisely the technological develop-
ments throughout the Chinese Paleolithic may reside
elsewhere (see Lin et al., 2018 for a case of differential
selection and transportation of local lithic raw material
during the MIS3). The discovery of bone retouchers
and pressure flakers at Lingjing emphasizes the

Figure 12. (A) Experimental active pressure flaker with three striations that appeared during the first five flaking attempts; (B) Exper-
imental active pressure flaker with a facetted used area covered with longitudinal striations; (C) Experimental pressure flaker with a sub-
circular used area covered with superimposed pits and scores; (D) Experimental bone retoucher with pits and scores dispersed over the
used area; Quartzite retouch flakes detached by (E) active pressure retouch, (F) passive pressure retouch, and (G) freehand organic soft
hammer percussion (see Figure 13 for dimensions). Scales = 1 cm.
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importance of including a variety of aspects of material
culture, including anthropogenically modified faunal
remains, in order to achieve this research objective. To
that effect, Lingjing is a peculiar site in many regards.
This site yielded a rich lithic assemblage manufactured
along a variety of reduction sequences (Li, 2007; Li
et al., 2019), numerous bone tools (Doyon et al., 2018;
Li & Shen, 2010, 2011), and the oldest know example
of the use of weathered bones and ochre for non-utili-
tarian purposes in East Asia (Li et al., in press). This
growing body of evidence therefore challenges the
idea according to which early Late Pleistocene material
culture in China is devoted of innovations. It would
seem more appropriate in our view to interpret the cul-
tural remains from Lingjing, layer 11, as one of probably
many indigenous Chinese Middle Paleolithic
expressions. Although the case of Lingjing does not
resolve, in and of itself, the debate on the existence of

a “Middle Paleolithic” in East Asia, we argue that behav-
ioral and cognitive abilities of past prehistoric popu-
lations may become understandable only through the
identification of the original characters of regional cul-
tural trajectories, preferably from a variety of aspect of
material culture.
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