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Abstract

The site of Yuchanyan cave (Hunan Province, China) contains evidence for some of

the earliest‐known (ca. 18,000 cal BP) pottery in the world alongside a typical South

China Upper Paleolithic cobble tool (chopper) industry. Here we present the results

of a micromorphological study of the deposits with particular attention to site

formation processes and recognizable human activities. Our study reveals that the

majority of the sediments are anthropogenic and produced by repeated combustion

episodes involving the complete expenditure of the fuel and then the refuse being

raked out and redistributed across the cave. In relation to the pottery production,

clay was also used to line fireplaces. Our results, combined with our Fourier‐
transform infrared analysis of the clays and bones, and supported by the

zooarchaeological data, suggest that fire and pottery were used here to boil bones

and render grease. This behavior must be considered in respect to its associated

chopper industry, and the presence of early pottery may be related, suggesting

differences in behavioral modernity for hunter‐gatherers in Upper Paleolithic

South China. This study demonstrates the advantages of analyzing sediments as a

record of past human actions and the value of using micromorphology for the study of

Late Pleistocene sites in China.
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1 | INTRODUCTION

Archaeological research on the Chinese Paleolithic started in the

1920s, inspired by discoveries of Pleistocene sites in Europe,

Western Asia, and Africa (Chen, 2009). Although almost a

century has passed, Paleolithic studies today are still impacted

by analytical approaches rooted in the early stages of research

that limit behavioral interpretations. The study of Upper

Paleolithic (or Late Paleolithic, as it is called in China) hunter‐
gatherer populations has until recently been limited to morpho-

logical techno‐typologies of lithics, with interpretations drawn

from comparisons with the western Eurasian and African

Paleolithic (Bar‐Yosef, 2015; Gao, 2013). Upper Paleolithic sites

of North China feature microblade technologies and limited blade

production that techno‐typologically meet expectations based on

the European standards. On the other hand, the Upper Paleolithic

of South China—here defined as the area south of the Qinling

Mountains and the Yangtze river—completely lacks blade

production. The cobble tool industry of South China features

choppers and limited flake tools and presents difficulties under

the traditional typological approach for explaining how sites can

be representative of behavioral modernity.
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Recent excavations of several Late Pleistocene cave sites in South

China, namely Xianrendong cave (Jiangxi) and Yuchanyan cave (YCY;

Hunan), are introducing new analytical approaches and methodologies,

including micromorphology, to gain a better understanding of Late

Paleolithic hunter‐gatherer behavior in the region. Projects at these two

sites have introduced multidisciplinary methods and the systematic

application of radiocarbon dating, geoarchaeology, zooarchaeology, and

palaeoethnobotany (Cohen, Bar‐Yosef, Wu, Patania, & Goldberg, 2017).

This study presents a geoarchaeological and micromorphological

investigation of YCY, situated in Daoxian County, Hunan Province

(Figures 1a,b and 2). Along with Xianrendong cave, it is one of two

systematically dated Chinese sites that reveals remains of the earliest

use of pottery within the framework of a hunter‐gatherer subsistence
strategy (Boaretto et al., 2009; Cohen et al., 2017; Prendergast, Yuan, &

Bar‐Yosef, 2009; Wu et al., 2012).

Since its discovery and first excavation in the early 1990s (e.g.,

Yuan, 1996, 2013; Zhang & Yuan, 1998), archaeological studies of YCY

concentrated on the rice remains and pottery fragments from the site,

with interpretations at the time seeing these as evidence for the early

domestication of rice and for what was called an “Early Neolithic”

occupation. By using “Early Neolithic,” the archaeologists intended to

give a cultural‐behavioral, rather than chronological, designation to the

site in line with their expectations that the remains represented the

earliest cultivators of rice (see Cohen, 2013). With further excavations

in 2004 and 2005 by an international team aimed at clarifying the

dating of the pottery, the formation processes of the site, and

behaviors of the cave’s occupants, the cave came to be interpreted as

a hunter‐gatherer occupation producing pottery as early as 18,000 cal

BP (Boaretto et al., 2009). These excavations introduced new analyses

to South China, including the taphonomic study of faunal remains

(Prendergast et al., 2009) and a preliminary micromorphological study

accompanied by systematic radiocarbon dating of the deposits

(Boaretto et al., 2009). The geoarchaeological analysis presented here

adds further data and interpretations of the site formation processes

and evidence of modern behavior at YCY.

1.1 | Past research

The first excavations at YCY were conducted in 1993 and 1995 by one

of us (Yuan, 1996; Zhang & Yuan, 1998). These excavations opened

eight trenches (T1 and T3–T9) with a total area of 46m2 (Figure 2) that

yielded lithics (choppers and flakes) and bone tool remains belonging to

the typical late Upper Paleolithic cobble tool industry of South China.

The area comprising the west corner of T9, in the southwest part of the

F IGURE 1 (a) View from the east, of the south flank of the tower
where the cave mouth is and the valley in front of the cave; (b) view
of the entrance to Yuchanyan cave seen from the east. The picture
shows clearly that the entrance of the cave is higher than the valley

floor, where a van is seen parked [Color figure can be viewed at
wileyonlinelibrary.com]

F IGURE 2 Plan of location of the site (inset map). (a) The
location of the pottery sherds found during the 1995 excavation;

(b,c) the locations where pottery sherds were found during the
2004–2005 excavations (modified from Boaretto et al., 2009). The
red and green lines display the locations of the north and mid

profiles, respectively. The blue arrow indicates the corridor that
runs through the karst tower [Color figure can be viewed at
wileyonlinelibrary.com]
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cave entrance, was exposed in 2001 for radiocarbon dating and

micromorphological sampling (Figure 2). Several initial accelerator mass

spectrometry radiocarbon dates from the 1990s’ samples ranged from

14,810 ± 230 to 12,320 ± 121 uncalibrated BP (18,573–17,500 cal BP

and 14,977–13965 cal BP [2 sigma], OxCal 4.3 and IntCal13; Bronk

Ramsey 2009; Reimer et al., 2013; Yuan, 2002).

The behavioral interpretations of YCY in the 1990s (Zhang &

Yuan, 1998) were guided by prevailing interpretations at the time

that took the existing evidence as being indicative of an “Early

Neolithic” designation for the site. The small number of rice husk

remains found at the site were indirectly dated to 12,320 ± 121

uncalibrated BP (calibrated above) by an associated radiocarbon

sample thought to come from the same stratigraphic context

(Yasuda, 2002; see Cohen et al., 2017 for problems with the rice

dating). Although the lithics at the site featured a typical cobble

tool industry, the presence of pottery along with the limited rice

remains at the site led to the assumption at the time that the cave

represented the Early Neolithic “missing link” between the Late

Paleolithic and the (then‐called) “Middle” Neolithic, earliest‐known

permanent settlement sites of the Pengtoushan culture, which

featured rice cultivation, ground stone tools, houses, burials, and

abundant pottery. This assumption guided discussion on YCY for

the next decade (see Cohen, 2013). However, continued research

at the site since 2004 now indicates that the YCY site is not one of

cultivators but rather of Late Pleistocene hunter‐gatherers who

were also producers of early pottery. Today, the stratigraphic

contexts and the dates of the rice remains, and the interpretation

of the rice as partially domesticated, can all be questioned on a

number of grounds, and the interpretation as “Early Neolithic,”

with all of the assumed cultural behaviors associated with it,

should no longer stand (Cohen, 2013, Cohen et al., 2017).

The 2004–2005 excavations intended to clarify the interpreta-

tion of the occupation of the site by systematically collecting

samples for dating and for paleoethnobotanical, faunal, and

micromorphological analyses (Boaretto et al., 2009; Prendergast

et al., 2009; Yuan, 2013). The 2004 and 2005 excavations reopened

the previous eight trenches from the 1990s, dividing T1 into 12

1 × 1m2 units, and adding four more 1 × 1 m2 units between T1 and

T3/T6, labeled T10–T13, leaving a baulk in the middle (Figure 2).

Trenches T4 and T5 were also further subdivided into 1 × 1 m2 units

to facilitate excavation and sampling. Each 1 × 1 unit was excavated

by subdivision into 50 cm quadrants and 5 cm spits. The excavation

units are all situated in the entrance chamber of the cave, but no

investigation of the internal corridors was undertaken (Figure 2).

Large slabs of protruding bedrock divide the space into what can be

considered as separate eastern and western parts. Roof fall

prevented excavation between T4 and T5 and in parts of T1, T3,

T6, and T7 (Figures 2 and 3). Archaeologists also noticed a

difference in the sediments between the eastern and the western

parts of the cave (see below; Boaretto et al., 2009). Moreover, a

number of interbedded ash and red‐colored clayey layers that were

concentrated in the pottery‐bearing levels in the central and

eastern parts of the cave were identified and sampled (Figure 4).

1.2 | Chronology

Systematic dating of bone and charcoal in the layers shows that the ages

of the samples generally increase with depth (Boaretto et al., 2009). The

earliest radiocarbon date from YCY, 21 ka cal BP, comes from T1

(Boaretto et al., 2009). Although the lowest excavated layers did not

contain material artifactual remains, our micromorphological analysis

shows some ash and bone fragments here. We suggest the possibility

that YCY was already being used, although ephemerally, between 21 and

18.5 ka cal BP. The presence of clearly anthropogenic sediments

indicates that YCY had a more regular occupation between 18.5 and

13.9 ka cal BP; however, the 38 radiocarbon dates indicate that there

were likely several gaps in the occupational sequence during this range,

with the most apparent gap between 16 and 15 ka cal BP (Boaretto et al.,

2009; Cohen et al., 2017). The earliest pottery, with a reconstructable

pot from T9 layer 3E and sherds from T1 layer 3H and T11 layer 3H

(Yuan, 2013) is associated with samples dating 18.3 ka cal BP.

2 | METHODS

The cave sediments were studied using micromorphology to deter-

mine the nature of the components (composition, size, texture, etc.,),

and their organization, to distinguish natural and cultural formation

processes and interpret the history of human occupation of the cave.

The micromorphological analyses were conducted on intact, oriented

sediment samples, which permits the observation of the integrity of

the archaeological material (Goldberg & Berna, 2010; e.g., Albert,

Berna, & Goldberg, 2012; Goldberg et al., 2009; Karkanas & Goldberg,

2016; Karkanas, Kyparissi‐Apostolika, & Weiner, 1999; Mentzer,

2014; Wadley et al., 2011; Weiner, Goldberg, & Bar‐Yosef, 2002).
Forty micromorphology samples were collected during the 2001,

2004, and 2005 seasons (Figures 5 and 7; S1 and S2; for sampling

F IGURE 3 Entrance chamber of Yuchanyan cave; view facing east

during the excavation in 2005. Note the large rock slabs and roof fall
(orange arrows) preventing excavation in T3 and between T4 and T5
[Color figure can be viewed at wileyonlinelibrary.com]
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F IGURE 4 (a) View of the western and central part of the cave (excavation trenches T9, T1, and T10–T12) with position of micromorphological
samples (Y2, Y3, Y11, and Y12) from T1 indicated; (b) T11 and T12 west of baulk; (c) T11 and T12 east of baulk; (d) close up of T11 and T12 west of

baulk: Note the interbedded layers of white, red, and black sediments; (e) close up of T11 and T12 east of baulk: note the interbedded layers of
white, red, and black sediments. In Squares T11 and T12, both on the west and east sections of the baulk, archaeologists noticed a concentration of
interbedded ashes and red lenses before sampling. The sediments are comprised of several superposed whitish ash lenses and red clay bands with
occasional in situ hearths containing a high amount of charcoal [Color figure can be viewed at wileyonlinelibrary.com]
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F IGURE 5 (a) Schematic rendering and field photographs of the layers in the north profile of Squares T4 and T5 with the positions of the
micromorphological samples indicated. The numbering system of the layers as reported here is preliminary, as assigned during excavation; (b)
photo of the two trenches at the time of excavation. Notice the large slab of roof fall between the two trenches and the dripstone capping the

sediments in T5. (c) Close up of T4 showing the positions of the micromorphological samples. The lithostratigraphic units here are relatively
homogeneous and there are no ash or red lenses as seen in the central trenches; (d) close up of T5 with the position of micromorphological
samples indicated. In T4 here we do not see superposed ash and clay lenses; (e) detail of west profile of T5 and of sample 122 being collected; (f)

detail of the northern portion of T5 showing a column from where samples 108, 109, and 110 were collected [Color figure can be viewed at
wileyonlinelibrary.com]
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techniques see Courty, Goldberg, and Macphail, (1989); Goldberg

and Macphail, (2008)). These primarily include sediments from inside

the cave, but local comparative samples were also collected, including

red soils from outside the cave and brick samples from a local brick

kiln that uses local alluvial clays (see S2). The sediment blocks from

the cave were collected from vertical exposures, either from the

sections of the excavation units or from sediment columns left intact

for sampling purposes (Figures 5 and 7). In the field, the blocks were

wrapped tightly in paper tissue and packaging tape to ensure stability

during transport, but a small number of samples lost cohesiveness

during transport and were therefore used only to analyze the nature

of the components rather than their integrity.

The blocks were processed in the former Micromorphology

Laboratory at Boston University. The samples were impregnated

with three parts unpromoted resin and sliced into 50 × 75 × 10mm

chips that were sent to Spectrum Petrographics (Vancouver, WA) for

mounting and polishing.

We employed Fourier‐transform infrared (FTIR) spectroscopy and

micro‐FTIR to evaluate the heating of clays, detected by the presence/

absence of the main kaolinite peaks at 3,697; 3,650; 3,620 cm−1; and for

bones, where we employed the OH and apatite peaks appearing at 630

and 1,028 cm−1, respectively, when bone is heated above 400°C. We

also recorded shell fragments found in the thin sections to investigate

the possible presence of a shift from aragonite to calcite due to heating

(see Gaffey, Kolak, & Bronnimann, 1991; Yoshioka & Yasushi, 1985). For

loose sediments and bone fragments, we used a Nicolet IS50 equipped

with a diamond attenuated total reflection (ATR). To measure clay and

bone fragments directly on the thin sections we used a Bruker Lumos

microscope FTIR in the transmitted mode for clays and germanium ATR

for bones; with both methods, we performed an average of 16

measurements per sample with a resolution up to 4 wavenumbers. To

obtain more complete and accurate results we took several readings

across each aggregate or fragment using the automated mapping mode.

2.1 | Site setting and stratigraphy

The site of Yuchanyan is situated at the base of a karst tower typical of

the landscape of this region of southern China. The tower is situated

F IGURE 6 (a) Photograph of the eastern profile of the baulk located in the central portion of the cave (trenches T10–T13) with the position
of the micromorphological samples; (b) photograph of the western profile of the baulk with the position of the micromorphological samples. The

numbering system used here for the layers was assigned during excavation, with some layers missing, and is not finalized [Color figure can be
viewed at wileyonlinelibrary.com]
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between the Liangxi river to the south and Fushui river to the north.

The Yangtze river flows about 450 km to the north (Figure 1a), although

the site is still considered to be within the Yangtze valley drainage. The

closest modern water source seems to be a small lake in the valley

northeast of the cave that can be reached on foot (Figure 1b).

YCY itself opens on the south flank of the tower 5m above the

valley floor (Figure 4). The entrance is 5 m across and it expands into

a large chamber 12–15m wide along its east–west axis and about

6–8m deep north–south (Figure 2; Boaretto et al., 2009; Yuan,

2002). A narrow opening on the eastern side of the back wall leads to

the deeper corridors (Figure 2). A second entrance to the cave

system is located on the opposite flank of the tower, but the

connecting corridors, frequently accessed by locals, have not been

archaeologically investigated.

Here we present brief stratigraphic descriptions of the layers

sampled for micromorphology (see S1); a comprehensive strati-

graphic description of the complete site awaits publication in the final

excavation monograph. The numbering system used here for the

F IGURE 7 Scans and photomicrographs (position indicated by the black square) of the most representative features (indicated by the arrows)
found in the eastern area of the cave. (a,b) Sample 110C. In Sample 110C we see angular and subangular inclusions of limestone, tufa, and other
micritic concretions (red arrows), and Fe–Mn nodules (green arrows). As shown in the scan, bioturbation is minimal and passage features do not

exceed 1 cm in diameter. This sample also contains bone fragments (blue arrow) and some ash (110C XPL); (c,d) Sample 23. This sample contains
the remains of a raked‐out fire feature covered by swept and dumped sediments. Most of the components here are anthropogenic, including ash,
clay aggregates (orange arrows), charcoal, and bone (blue arrows). However, as shown in the photomicrograph, these are organized within each

layer in a chaotic manner (23 PPL). PPL, Plane Polarized Light; XPL, Cross Polarized Light [Color figure can be viewed at wileyonlinelibrary.com]
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layers was assigned during excavation, but we note that this

numbering may possibly change as a comprehensive stratigraphic

analysis is finalized for the site report. Our study is also necessarily

selective, featuring a discussion of samples of behavioral significance

rather than being comprehensive for the entire site.

In the field, the cave was operationally divided into two areas,

western and eastern, due to differences found in the sediments.

Here, we further subdivide the cave based on micromorphological

results in western, central, and eastern parts (Figure 2). The

sediments for all parts were characterized on the basis of color,

composition, texture, and bedding characteristics as described below.

2.2 | The eastern area

The eastern part of the cave (Squares T4 and T5) contains massive,

cemented sediments that are moister than those in the western part

(Figure 2). The composition and organization of the sediments in both T4

and T5 are the same. The area between T5 and T4 is capped by thick,

calcite‐cemented deposits and a speleothem. The cemented deposits

grade into dripstone and travertines that interfinger with the softer

deposits in the central‐northern portion of both T5 and T4 (Figure 5). The

rest of the deposits of T5 and T4 consist of interbedded layers of light

and dark brownish clayey silt with diffuse boundaries and a few localized

reddish bands. Ash lenses are very rare in this part of the cave, and no

evident combustion feature was identified during excavation (see below).

2.3 | The western area

The western area (Squares T9, T1, and T10–T13) contains three

major lithostratigraphic units. The lowest unit is composed of

mostly geogenic sediments (Figures 2, 3, and 7). This is an

unexcavated cemented deposit that can be found in T1 and in the

eastern portion of the cave between T4 and T5. Above this, but

localized in the north wall of T1, is a compact, calcareous yellow silt

that seems to have been eroded towards the south of T1. The

second lithostratigraphic unit is approximately 80 cm thick and is

composed of three different types of sediments: (a) white or light

gray ash lenses; (b) red clay lenses; and (c) compact ashy clay

(Figures 3 and 6). In profile, these sediments are organized in lenses

and bands of light gray ash in places resting on 1–3 cm thick

localized bands of red clay between 30 and 50 cm wide. The ash

lenses and clay bands are concentrated on the east side of the baulk

T10–T13 with a greater presence in the southern portion of T11 in

layers 3F and above (Figures 3 and 6), and on the south wall of T1

(Figures 3 and 6). Compact, brownish‐gray ashy clay deposits

separate groups of ash and clay lenses (Figures 3 and 6). These

sediments contain mm‐sized clay aggregates, charcoal, shell, and

bone tend to be about 10–15 cm thick and are mostly concentrated

in the north and east sections of T1 and T11. The uppermost part of

the section, between 20–30 cm below the present cave floor, was

disturbed in historical and modern times by human and animal

activity. This portion was not considered in our investigation and is

not discussed further.

3 | RESULTS

3.1 | Micromorphological analysis

Although during excavation the cave was divided into two areas,

western and eastern, during the micromorphological analysis we

decided to divide the western portion of the cave into two separate

areas, western and central, with the western including trenches T1

and T9 and the central including trenches T10, T11, T12, and T13

(Figures 2, 5, and 6).

The sediments are for the most part composed of quartz sand, clay,

and calcitic ash. Other components such as bone, charcoal, freshwater

shells, and terrestrial snail shell fragments are also present in smaller

quantities. Very rarely bone fragments exceed 5mm, and charcoal is

usually present in <1mm‐sized specks chaotically distributed in the

ashy sediments, with occasional larger pieces up to 1.5 cm. Overall, the

ratio of charcoal to ashes is relatively low.

3.2 | Eastern area trenches

The sediments in the eastern part of the cave, which includes T5

and T4, sit on top of a cemented deposit about 3m below datum

(Figures 2 and 5). The sediments between T5 and T4 are capped by a

large fragment of roof fall ca. 1.5 m across that prevented top–down

excavation. The sediments of the northern profile are capped by a

dripstone formation (Figure 5). Below we describe the most

significant micromorphological features and provide detailed in the

Supporting Information.

Overall sediments in the eastern area are relatively homo-

geneous and composed of clayey ash with a coarse fraction of

quartz sand and evidence of recrystallized CaCO3. Mica is found

only in the clayey ash microfacies of two samples from T4: Samples

21 and 105. Layers show variation only in concentrations of the

components and inclusions that seem to vary regularly depending

on the specific location of the sample: Sediments closer to the walls

of the cave exhibit a higher content of limestone clasts and tufa

(Figure 7). Lower layers and sediments closer to the wall contain

fewer bone fragments. Bone content also varies stratigraphically,

with lower sediments including fewer bone fragments and the upper

layers containing a higher number of larger fragments. In addition,

bone content also seems to fluctuate laterally with amounts

decreasing towards the back of the cave. All samples collected

from T5 exhibit a chaotic microstructure with no distinction in

microfacies. While most of the sediments collected from T4 are

similar to those from T5 in composition and organization, in sample

23 we observed stacked microfacies of clearly defined and

separated clayey and ashy sediments identical to microfacies found

in the central portion of the cave (see below). The clayey

microfacies contain abundant charcoal, both in large, compact

fragments and as finely divided and dispersed in the matrix, as well

as bone, aggregates, and Fe–Mn nodules all arranged chaotically.

The thin, ashy microfacies is compact and laminated and contains

large fragments of bone.

8 | PATANIA ET AL.



Identified postdepositional features are also uniform through-

out the eastern area. Overall, the layers in T4 and T5 are compact

with sparse evidence of bioturbation. Larger passage features from

bioturbation are visible in samples 122a and 110C, yet these do not

exceed 1 cm in diameter. Secondary CaCO3 is present in the matrix

but not in the voids or fissures, and Fe–Mn nodules (~4–6 µm in

diameter) are ubiquitous but more prominent in the lower layers of

both trenches with a higher concentration in T5 (Figure 7). The

lower layers also exhibit planar voids and lenticular microstructure.

Several samples from the layers dated between 18.5 and 14.8 cal BP

exhibit a platy structure.

3.3 | Central area trenches

The central section of the cave includes trenches T3, T10, T11, T12,

and T13 (Figure 2). Excavation of T3 and T13 was impossible due

to large blocks of roof fall that cover both units (Figures 2, 3, and 6).

Although blocks were present also in T10, their smaller amounts and

sizes did not cause significant obstructions to excavation. Squares

T10–T13 were excavated leaving an approximately 1m wide baulk in

the middle; this method of excavation allowed us to create two

perpendicular profiles running N–S. The samples collected for

micromorphological analysis were taken from both sides of the baulk

(for a detailed description of each sample, see Supporting Information).

The sediments in the central trenches show a high content of ash.

However, only a small portion is composed of laminated ashes, and

most are composed of ash mixed with clay. We have identified three

different microfacies in this locality: (a) Recrystallized clayey ash that

is virtually identical to the sediments in the eastern section, with

quartz sand, limestone, and inclusions of clay aggregates; (b)

laminated compact ash with quartz sand and clay aggregate

inclusions; and (c) nonlaminated recrystallized ash with quartz sand

and inclusions of clay aggregates (Figures 8 and 9). We note a further

distinction between two kinds of laminated compact ash microfacies,

one containing charcoal, bone, and shell in various quantities, and a

second one without them; this latter microfacies instead contains

plant pseudomorphs and partially burned plant material, some with

orange oxalates (Figures 10 and 11). Also in the laminated ash

microfacies that lack charcoal and bone, a large number of phytoliths

of grasses were identified. The coarse fraction of quartz sand varies

in quantity in the three kinds of microfacies, with higher percentages

in the clayey ash and lower percentages in the laminated ash.

Quantities of clay aggregates also vary, with very small percentages

in the laminated ash and higher ones in the nonlaminated cemented

ash. Fragments of limestone, cave pearls, and other cave carbonate

precipitates are rare in the central trenches, but in Sample 107

(Figure 9), collected close to the north section of T10, we observed a

microfacies composed only of cave pearls.

Apart from the clay ashy microfacies that is concentrated in the

lower layers and only found close to the back cave wall, the other

microfacies observed do not follow any patterns. Samples collected

F IGURE 8 Scans of samples from T5 20 (a) and 15 (b). (a)
Y20 BET‐B shows an abundance of bone fragments, some

heated, and shell fragments. These sediments are the result
of a fire feature subjected to cleaning and dumping as suggested
by the diffuse boundaries of the top ashy microfacies, the

chaotic microstructure, and the charcoal broken up into silt
size grains; (b) sample Y15 shows a smaller amount of bone
and the absence of charcoal, as well as the chaotic
microstructure which suggests that these sediments were

probably dumped here from elsewhere [Color figure can be
viewed at wileyonlinelibrary.com]
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from the central and southern portion of the profile east of the baulk

contain several different microfacies within the same slide and an

overall higher presence of laminated ash than any other section of the

cave. In Samples 106, 104, 103, 113, we found that the compacted clay

microfacies underlies the ashy microfacies (Figures 10 and 12).

The most common postdepositional features in the central

trenches are Fe–Mn staining and nodules—both orthic and disorthic

(Figure 10). However, these features occur in lower concentrations

than what was observed in the eastern trench and are considered to

be in initial stages of development. Cementation and localized

recrystallization of micrite are also present in lower amounts than in

the eastern side of the cave. Samples 19, 103, 104, and possibly 121

show platy and lenticular microstructure (e.g., Figure 11b). Bioturba-

tion is very low throughout the profile, with only a few passage

features that reach 1 cm in diameter (e.g., Figure 11d).

3.4 | Western area trenches

The western side of the cave is composed of trenches T1 and T9,

which were sampled in 2004 and 2001, respectively. The samples in

T1 were not collected from a profile but rather from columns left

intact during the horizontal excavation of the trench. The samples

from T9 were instead collected from the eastern profile of the 1990’s

excavations, and for this reason, these come from much higher levels

than do the rest of the samples analyzed here; they do not have

stratigraphic layer attributions as the samples collected in the central

and eastern areas do.

The sediments of the western trenches have a massive micro-

structure with approximately 3% porosity, with chambers and

vesicles being dominant. The lower samples in T1 contain only

nonlaminated ash with sporadic clay aggregates, while the middle

layers contain stacked microfacies composed of clayey ash and

nonlaminated ash with bone, shell, and charcoal. Sample Y16 is the

only one that contains laminated ash, but with no bone or charcoal:

Instead, the slide contains abundant plant pseudomorphs. Samples

collected from T9 represent the higher sedimentary levels of the

cave. The slides all have an ashy matrix with very few pieces of bone,

shell, or charcoal, but they do have some clay aggregates. In all

samples, except 4B, the components are organized in a chaotic

pattern: Only sample 4B shows evidence of microfacies, a red clay

one between two white ash. All three microfacies are comprised of

the same calcitic ashy matrix, with the red color in the central one

representing a higher abundance of clay aggregates.

Bioturbation is very low in both trenches and only affects

restricted areas, and passage features never exceed 1.5 cm in width.

Chemical postdepositional processes include sparse Fe–Mn staining

and calcite cementation. Crystal growth is present only in the

sediments close to the back and side walls, with a higher

concentration noticed in the eastern side of the cave.

3.5 | FTIR and micro‐FTIR

To investigate the nature of the clay aggregates and clay‐rich
microfacies observed in the sediments, and of the bone fragments

in the samples, particularly for heating, we employed infrared

spectroscopy (see the Supporting Information Materials for the list

of samples analyzed). FTIR has been used successfully to identify

heating traces in clays and bones (see Berna, Behar et al., 2007;

Berna & Goldberg, 2007; Simms, Berna, & Bey, 2013; Surovell &

Stiner, 2001; Thompson, Islam, & Bonniere, 2013). We analyzed

three samples of loose sediments and two bone fragments.

Whereas one of the loose samples was collected outside the cave

and did not have a corresponding thin section, the others are

associated with Samples 104 and 101; here we targeted rubified

clay lenses identified in the field. The bone fragments were found

in the loose sediments of 104 and 107. The thin sections selected

for analysis were chosen on the basis of the presence of clay

aggregates and of bone and shell fragments large enough to be

detected by the micro‐FTIR. These included Y11A and Y12 from

F IGURE 9 Scan of sample 107. This sample was taken from the
northern portion of the central trench close to the back wall of

the cave. Because of the proximity to the wall of the cave, this
sample contains geogenic inclusions, cave pearls, and limestone
fragments detached from the walls and ceiling of the cave. Black
arrow indicates the contact between the microfacies of cave

pearls with clay and CaCO3 coatings and the sediments below.
Rounded CaCO3 cave pearls are also present in the lower
microfacies with limestone and bone fragments [Color figure can

be viewed at wileyonlinelibrary.com]
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F IGURE 10 Scans (51 × 76mm) and photomicrographs (position highlighted by the black squares) of the most representative features
(indicated by the arrows) found in the central portion of the cave east of the baulk. (a) Scan of sample 101B (see Figures 3–7a); (b) Exhibits
laminated ash with partially burned plant material and plant pseudomorphs (purple arrow). The photomicrograph also shows a mm‐sized
impregnation of Fe–Mn in the center of the image. (c) The contact between the clay microfacies and the ash microfacies (yellow arrow). As a
result, numerous clay aggregates are floating in the ashy sediments above (101B PPL). (d) Scan of sample 103 clearly showing the three
different microfacies and compact microstructure. (e) Whereas in sample 101B charcoal was not visible in either microfacies, here large

fragments and concentrations of small specks of charcoal are observable with the naked eye and at higher magnification (pink arrows). The
orange arrows point to clay aggregates floating in the ash, and at the base, a partially heated and fractured bone fragment, possibly by trampling
[Color figure can be viewed at wileyonlinelibrary.com]
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Square T1; 101B BIS and 104B from T11; Y9 from T12; Y23, 113A,

and 113B from T4; and 122A from T5.

The sample of loose sediment collected outside the cave contains

bentonite clays and has no traces of carbonate; here the kaolinite

peaks (3,697, 3,650, and 3,620 cm−1) are present. In contrast, the

loose sediments collected inside the cave from the clay lenses

observed during excavation (related to micromorphological samples

104 and 101) contain inorganic carbonates; there is no trace in these

sediments of organic phosphates (Figure 13). In both these samples,

104 and 101, the kaolinite peaks are not visible. Micro‐FTIR mapping

F IGURE 11 Scans (51 × 76 mm) and photomicrographs (position indicated by the black square) of the most representative features

(indicated by the arrows) found in the central portion of the cave west of the baulk. (a) Scan of Sample 19 showing compact microstructure
with vesicular voids. (b) Photomicrograph of the ash showing the lenticular/platy structure (red arrows) superimposed on the vesicular
porosity (blue arrows) indicating that while the vesicle formed at the time of deposition, probably as a consequence of degassing of wet

sediments, the platy structure formed postdepositionally, possibly as a consequence of brief frost action. The photomicrograph shows also
some slight recrystallization and crystal growth in the voids (19 XPL). (c) Sample 16 has a similar composition and microstructure to that of
19; however, it exhibits several long filaments and plant pseudomorphs (purple arrows). (d) Sample 16: The sample also shows evidence of

bioturbation channels, although as seen in both the scan and the photomicrograph these are small and are rare (16 PPL). (e) As shown here,
ashes in sample 16 are laminated and contain plant pseudomorphs and localized recrystallization. (f) Scan of sample 6B; (g) photomicrograph
of sample 6B showing fragments of charcoal and localized micritic concretions (red arrows; 6B XPL); (h) this scan of sample 13 shows the

different microfacies that appeared intact in the field, but when examined at higher magnification (i) are clearly in secondary position: The
chaotic structure of the inclusions (green arrows) and the presence of concentrations of charcoal specks (pink arrow) suggest that the
sediments are the product of sweeping and dumping actions (13B PPL) [Color figure can be viewed at wileyonlinelibrary.com]
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(Figure 14a) on thin sections shows a more varied picture with

readings on different points of the same aggregate having opposite

results concerning the presence/absence of kaolinite peaks (Figure

14 and Supporting Information Materials). The analyses of the bone

fragment collected from the red lens connected to micromorpholo-

gical sample 104 does not show peaks at 1,028 cm−1 nor at 630 cm−1,

and all of the bone fragments from the thin sections that we

measured using micro‐FTIR gave these same results (see the

Supporting Information Materials). Finally, the shell fragments

embedded in the clay lenses are composed of calcite (observed in

Sample Y11) whereas one large fragment of gastropod in Sample Y12

is composed of aragonite.

4 | DISCUSSION

The micromorphological results above highlight that although the

components of the Yuchanyan sediments are generally similar

throughout the cave, the internal organization of the deposits

varies. This variation in an organization reflects differences in

agents of deposition as well as postdepositional changes such as

bioturbation. Below we discuss the formation and depositional

processes as well as postdepositional modifications to the sedi-

ments. Nevertheless, it is clear from the field and micromorpholo-

gical observations that humans were repeatedly making fires in the

cave.

F IGURE 12 Scans and photomicrographs (position indicated by the black squares) of the most representative features found in the
western portion of the cave. (a) Scan of sample 12, from T1, shows large bone (light blue arrow) and shell fragments (green arrow) mostly
concentrated in clayey ashy sediments. These have clay aggregates inclusions and fragments of tufa and limestone (red arrows.) The middle

microfacies is composed of a compact clay layer. The clay microfacies seems rubified by heating. The intensity of the color seems to decrease
with depth suggesting that these microfacies could be a former clay surface or hearth remnant. The photomicrograph (b) shows the compact
clay microfacies made up of clay and ash with some shell fragments (green arrows; 12 PPL). (c) Sample 11 is uniform and composed of clayey
ash with the bone (light blue arrows), and tufa (red arrows) inclusions. (d) The photomicrograph shows the chaotic organization of the clay

aggregates (11 PPL) [Color figure can be viewed at wileyonlinelibrary.com]

PATANIA ET AL. | 13



4.1 | Geogenic depositional processes

Overall, evidence of geogenic depositional processes is limited, with

human agency accounting for most of the sedimentation record.

Within the sediments, we also identified inclusions derived from the

cave environment, such as limestone, tufa, and other calcitic

concretions. Fragments of limestone likely detached from the walls

and ceiling of the cave, while calcite precipitates, such as cave pearls,

could form in localized portions of the cave and be deposited among

the sediments by gravity. Tufa and micritic cementation of detrital

sediments result from the evaporation of carbonate‐rich water

dripping on the sediments.

4.2 | Anthropogenic depositional processes

The depositional processes observed in Yuchanyan are mostly anthro-

pogenic and related to combustion as reflected in the large percentages

of ash present in the sediments. The second set of depositional processes

is indicated by the clay aggregates, which are also anthropogenic at

Yuchanyan and related to combustion, as discussed below.

The samples collected from the eastern part of the cave, in T5 and

T4, all contain anthropogenic sediments related to combustion episodes.

However, the chaotic organization of the components, as well as the

fragmentation of the charcoal throughout the trenches, suggest that the

sediments here are the result of dumping episodes of refuse from fire

features, perhaps associated with hearth cleaning. Most of the fires

were probably built in the central area of the cave, but occasionally fires

might have been built also in the eastern area on top of the refuse.

Similar depositional processes can be observed in the western part

of the cave (Squares T1 and T9), with all but one sample containing

evidence of dumped fire refuse. Most of the T1 and T9 sediments are

arranged in the same chaotic microstructure seen in T5 and T4,

suggesting that this area of the cave, too, was mostly a dumping area

for refuse coming from fires. The presence of one intact hearth feature

in T1 suggests that at times humans may have also built fires in this

part of the cave. One microfacies of compacted clay aggregates (T1

Sample Y12) can be interpreted as a possible clay surface (see below).

The depositional processes in the central trenches (T10, T11, and

T12) appear more complex than what we observe in the east. Here we

identify intact fire features interspersed with lightly cleaned combus-

tion features. Often, in fact, the ash and clay microfacies show

evidence of rake out in the form of localized truncations, blurred

boundaries, rounded clay aggregates, and ash clumps (Figures 7, 8, 10,

11, and 12; see Mentzer, 2014). In the central trenches, we commonly

find localized rearrangement of the components of the sediments

(which are anthropogenic, including ash, clay aggregates, charcoal, and

bone), compression of ashes, and in situ fracturing of charcoal,

bone, and shell interpreted as lightly swept and trampled sediments

(Figure 7; see Miller, Conard, Goldberg, & Berna, 2010). In the

northern portion of the central area, in T10 and T11, we also observed

F IGURE 13 FTIR spectra of two sediment samples from Yuchanyan. (a) Loose soil sample collected outside the cave and a software‐generated
matching from a reference collection showing ca. 80% probability match with montmorillonitic clays. (b) YCY micromorphological sample 104 (loose
sediment) showing matching between the clay microfacies in the sample and calcareous clays (reference from HR inorganics micro‐FTIR library); the
latter are composed of montmorillonitic clays and inorganic carbons. Although the overall molecular composition of the clays is the same between

the two samples, the presence of carbonate peaks only in the archaeological sample is compatible with a calcareous cave environment. We suggest
that humans collected readily available clays accumulating by percolation inside the cave system and purposefully added a coarse fraction of quartz
and at times shell to construct work surfaces on the floor of the cave. FTIR, Fourier‐transform infrared spectroscopy; YCY, Yuchanyan cave
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F IGURE 14 FTIR spectra of clay, bone, and shell. (a) Shows map of clay aggregates in sample 113A where each colored point was
measured. (b) The bone fragment found in loose sediments of 104, the absence of a peak at 1,096 cm−1 confirms that this bone was not
exposed to heat. When the clay is exposed to heat the process of dihydroxylation causes the disappearance of the major kaolinite peaks
at 3,650; 3,695; and 3,620 cm−1. The samples analyzed at YCY show a mixed result suggesting that the clays were either not heated or

went through rehydroxylation. (c) Mapping of clay and (d) shell from Y11A. The clay aggregates here show a peak at 3,620 cm−1,
suggesting that the clays were heated at low temperatures or underwent partial rehydroxylation. The shell fragments embedded in the
clay show signs of being altered from aragonite to calcite by heat as shown by: A shift of the 1,469/1,447 cm−1 double peak typical of

aragonite to the calcite peak at 1,394; a decrease in the 1,082 peaks; the disappearance of the 699 cm−1 peak. FTIR results on this shell
confirm that the clay it is embedded in was originally heated but has since been rehydrated. (e) Larger shell fragments that are not
embedded in clay are instead composed of aragonite and do not show signs of heating. Note the presence of double peaks at 1,469/

1,447 and 712/699 cm−1 that disappear in the transformation of aragonite to calcite, as well as the high peak at 1,082. Mapping of clay
microfacies in samples (f) 101B BIS and (g) Y9 showing differential heating in different parts of the clay lens. Clay works as an insulator,
so these spectra show different heat traces at different depths of the clay surface with the main kaolinite peaks. Bones from the same

samples (h) and (i) show no signs of being heated. Nonheated bone seems to be widespread as seen also in (l) and (m). FTIR, Fourier‐
transform infrared spectroscopy; YCY, Yuchanyan cave [Color figure can be viewed at wileyonlinelibrary.com]
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reworked combustion refuse as in T4, T5, T1, and T9, which is

characterized by a chaotic microstructure; laminated ashes and

inclusions of clay aggregates that once made the substrate on which

the original fire was built are absent (Figure 9; see Goldberg, 2003;

Mentzer, 2014).

4.3 | Postdepositional processes: Bioturbation and
diagenesis

At YCY, limited bioturbation is found in the form of passage features.

The size of these features—with none exceeding 9–10mm in diameter

—implies that insects and earthworms are mainly responsible. In turn,

this suggests that when these animals were active, the sediments in the

cave were not waterlogged and that they likely contained between 25%

and 30% humidity, with stable temperatures remaining around 15°C

(see Lowe & Butt, 2005; see below). Thus, we consider the sediments at

YCY as having minimal bioturbation. This conclusion strengthens

statements previously made about the postdepositional stability of

the proveniences of the radiocarbon‐dated materials and their

associations with other artifacts, particularly the early pottery (Cohen

et al., 2017). Thus, we find no reason to doubt the bone and charcoal

samples used for dating the layers as coming from primary archae-

ological contexts or their associations with artifacts within the layers.

A second type of postdepositional change at YCY is from freezing

and thawing, and this thus provides insights into the paleoenviron-

mental context of South China at the time. Between 18 and 14 ka cal

BP, sediments across the cave, represented by Samples 19, 106, and

121, show lenticular or platy microstructure that resembles those

caused by freezing and thawing (e.g., Figure 11b; Van Vliet‐lanoe,
Cotard, & Pissart, 1984). However, we also note the lack of any

cryoturbation at YCY and the presence of earthworm activity in the

same layers. Together, these factors imply that freezing tempera-

tures were rare and that the environment and temperatures in the

cave were usually mild. We suggest, therefore, that between 18 and

14 ka cal BP the temperatures in the cave may have occasionally

reached but did not sustain freezing levels.

In addition to bioturbation, geochemical pedofeatures were also

observed. The small size of Fe–Mn impregnation features and their

dark color (Figures 7 and 12) suggest that the sediments at YCY were

saturated for relatively very short periods. Stoops, Marcellino, and

Mees (2010) show that these small scale features can form in as little

as 2–3 days (Stoops et al., 2010; Veneman, Vepraskas, & Bouma,

1976). Geochemical pedofeatures are concentrated along the walls

of the cave where the sediments are generally moister.

It is important to note that there is no evidence of other kinds of

diagenesis, such as bone dissolution or phosphatization. The good

condition of preservation of both bone and ashes is due to the

buffering effects of CaCO3 associated with the carbonate‐rich
environment in proximity to the cave walls (Stiner et al., 2001;

Weiner, Goldberg, & Bar‐Yosef, 1993).
In summary, it is evident that postdepositional processes did not

cause a significant disturbance in the sediments. Furthermore, the

related material culture and radiocarbon samples collected from

them should, therefore, be considered in situ, supporting the

characterization by Boaretto et al., (2009).

4.4 | Combustion features and clay surfaces

At YCY, micromorphology confirms the absence of significant

allochthonous geogenic input, as was also observed in the field.

Furthermore, the high degree of physical breakdown of the sediments

due to trampling sweeping and other human activities also indicates an

overall very low autochthonous geogenic sedimentation (see Karkanas

et al., 2007). Although it is difficult to identify discrete, intact hearth

features, most of the sediments analyzed here are related to fire, with

hearth components (e.g., ash, bone fragments, and occasional specks of

charcoal of >1mm) present across the cave and making up most of the

sediments. Moreover, this study reveals a more complex set of human

actions than a simple large‐scale occupation. The majority of the

samples contain accumulations of the debris of fire features that have

been mechanically transformed. Related to this are several examples of

discontinuous ash lenses, partially disturbed features, and clay

aggregates “floating” within the ash lenses (Figures 7, 8, 10, 11, and

12). These features can be caused by specific human practices, and we

hypothesize that at YCY humans often trampled and raked out fires to

prepare an old surface for a new burning event. In fact, we see

truncated surfaces, microfacies with blurred boundaries, and slightly

reworked ash, rounded clay aggregates, bone, and fragmented charcoal

(see Goldberg, 2003; Mentzer, 2014; Miller et al., 2010). Most of the

sediments appear to represent evidence of thorough hearth cleaning

and dumping, and the chaotic pattern of the components is likely the

result of sweeping, collecting, and dumping the remains of exhausted

fires (see Mentzer, 2014; Miller et al., 2010). Spatial analysis suggests

that the south‐central area, T12, and T11 in particular, of the cave, was

the preferred location to build fires, while the western and eastern

trenches and the area along the walls, were mostly dumped zones.

As observed in other sites, both repeated occupation

(Karkanas et al., 2004) and low geogenic sedimentation rates

(Karkanas et al., 2007) can cause disturbance of combustion

features facilitating mechanical and chemical weathering. In fact,

continuous occupation tends to cause a high incidence of

trampling and compression, as well as cleaning of surfaces, while

low geogenic input heightens the probability of both mechanical

and chemical alteration (Karkanas et al., 2007). Above we have

shown that the evidence points to relatively low sedimentation

rates at YCY. However, because of chronological gaps in our

sampling we cannot comment on the intensity of occupation.

Plant remains found in the sediments in the form of charcoal,

plant pseudomorphs, and phytoliths suggest that humans used

primarily wood but also wetland grasses as fuel, according to a

preliminary palaeoethnobotanical analysis; partially burned plants,

plant pseudomorphs, and phytoliths of grasses are clearly visible in

Samples 101 and 16. These particular samples contain intact ash

lenses but do not contain charcoal, bone, or shell (Figures 10b and

11e). The presence of ash lenses devoid of wood charcoal and with a
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high content of phytoliths of grasses may suggest a diversification in

fuel and activities.

Whereas wood burns for a longer period of time and allows for a

more controlled fire, grasses are consumed quickly and produce a less

stable flame (see Mallol, Marlowe, Wood, & Porter, 2007; Mentzer,

2014). It is possible that the grass fires, in contrast to the abundant

wood fires, were ephemeral and part of cleaning activities, such as

burning of bedding to get rid of parasites, burning remains of food

processing activities, or cleaning the light zone of the cave of plant

growth after a period of abandonment (see Wadley et al., 2011). These

were not efficient fires, and the absence of bones in them may suggest

the hypothesis that they were not used for cooking. It is important to

note here that the absence of bone is not due to diagenesis since bones

are present in other samples and there is no evidence for the dissolution

of bones in the cave (see above). Additional analysis of the phytoliths in

loose samples is needed to identify specific species of plants that will

further the interpretation of the behavior associated with these features.

By contrast, the wood fires contain low charcoal to ash ratio

suggesting that these fires were properly maintained to burn for a

long time with high oxygen circulation, probably until extinction (see

Mallol et al., 2007; Mentzer, 2014). The presence of bone and shell in

these features suggests that the wood fires were used for cooking in

addition to likely being sources of light, heat, and smoke.

A distinctive feature of the sediments at YCY is the presence of

bands of red clay interbedded with ash lenses, which are interpreted

here as prepared clay surfaces. These features were noticed in the field

and analogous ones have been similarly interpreted at other hunter‐
gatherer sites in Greece and the USA (see Karkanas et al., 2004;

Sherwood & Chapman, 2005). At YCY, the presence of such surfaces

was inferred from Samples Y12, 103, 104, and 113

(Figure 11) in which the clay aggregates contain only quartz and

inclusions of Fe–Mn nodules with no organic matter. In addition,

FTIR results of loose sediments from the clay lenses (Samples 101

and 104) show the presence of inorganic carbon in the clays

(Figure 13b), inorganic carbon is absent instead from the samples

collected outside the cave (Figure 13a). One possible reason for this

discrepancy could be that the clay in Samples 101 and 104 incorporated

inorganic carbon percolating through the limestone bedrock. In this

case, the inhabitants of YCY would have collected the clay from sources

inside the cave system, such as relict cave clay. Moreover, it is possible

that humans added quartz to this relict cave clay intentionally to

construct the clay lenses and possibly the pottery vessels.

We suggest that humans collected clay from readily available

sources in the cave, mixed in quartz, and used it to line small areas of

the cave floor, likely in association with fires. The micro‐FTIR results

show mixed signals for the clays, with both heated and nonheated

clays present. This mixing is not surprising, as experimental studies

show that in an open fire, heating of the sediments below the fire

rapidly diminishes with depth (e.g., Aldeias et al., 2017; Canti & Linford,

2000). Our results are in line with these experimental observations, as

they show a decrease in heating traces within the same clay aggregate.

Moreover, experimental studies were done by Homsey and Sherwood

(2010) on the recreation of clay surfaces used for cooking at Dust cave

show that the clay rehydrates easily even after well‐maintained fires

built on top of the surfaces are burned at constant, regulated

temperatures for several hours. Since FTIR and micro‐FTIR indicators

of heating relate to dihydroxylation, that is, the loss of molecularly

bound water in clay that occurs above 400°C, one possibility for the

nonheated signals is that the clay at YCY had been heated but then

underwent rehydroxylation. In fact, although the clay aggregates in

sample Y11 show one kaolinite peak (Figure 14c) the shell fragments

found embedded in the clay aggregates are composed of calcite rather

than aragonite—the natural composition of shell—which could suggest

that they were heated above 350°C (Figure 14d). Although other

processes may alter aragonite (e.g., water dissolution or presence of

phosphates), at YCY shell fragments that are not embedded in clay,

such as in Y12 (Figure 14e) and Y9, are composed of aragonite and

thus an indicator of stable conditions for aragonite in the cave.

In addition to the occasional presence of shell, we also observed

ash crystals embedded in the clay aggregates. We suggest that in

addition to quartz, humans might have on occasion intentionally

mixed clay with ashes and shell (similarly to how tempering is added

to pottery clay), and then used the mixture to construct surfaces on

which to build fires. The presence of this practice of tempering may

indicate an understanding of the effects of such additions to the clay

on its properties and supports the fire‐related use of these surfaces.

For clay surfaces with or without such inclusions, once the fires were

consumed, the fire feature would have been cleaned out, with the

clay surface being scraped away and with some of the remains then

being deposited along the walls of the cave with the refuse, becoming

the clay aggregates observed in most of the thin sections.

The purposeful use of clay in connection with combustion features

has been observed in other late Pleistocene‐early Holocene caves. At

Klisoura cave in Greece (see Karkanas et al., 2004), clay was used to

line hearth features, whereas at Dust cave in Alabama (see Sherwood

& Chapman, 2005), clay was formed into surfaces that are connected

to cooking practices like roasting or parching. Micromorphological and

FTIR analysis at Klisoura and micromorphological analysis at Dust cave

revealed similar results to the ones in this study relating to clay

preparation, heating temperatures, and friability of surfaces.

The reasons why the inhabitants of YCY lined hearths with clays

are still obscure, but we can hypothesize that the physical properties

of clays as conductors of heat might have been a factor (see Homsey &

Sherwood, 2010). Archaeological and ethnographic evidence indicates

that clay surfaces can be used for parching or as griddles for roasting

seeds, roots, and nuts; to increase fuel efficiency in a burning fire; or as

a place to keep hot coals for warmth or later fire building (Baykara

et al., 2015; Karkanas et al., 2004; Sherwood & Chapman, 2005).

4.5 | Micromorphological inferences concerning
early pottery

By 18.3 ka cal BP humans inhabiting YCY practiced intentional use of

clay to construct surfaces for use in fires. This practice opens new

questions about the YCY occupants’ knowledge of the physical

properties of clays and about the introduction of tempering to the
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clays. This knowledge, in turn, may directly relate to the production

of pottery at YCY. Further studies of the sherds found at YCY

(petrographic, FTIR, and residue analysis to cf. with the results

reported here) are needed to investigate this relationship between

the production of the clay surfaces and of the pottery.

To better understand the use of fires and of pottery vessels at YCY,

we used FTIR to examine microbone fragments in the thin sections and

from loose sediment samples. While under optical analysis the bone

looked as if it could have been heated, our results indicate that while

clays are heated to temperatures between 400°C and 600°C, the bones

do not show peaks consistent with heating at the same temperatures as

the clays (Figures 14b, h, l, and m). When considered in light of the

zooarchaeological data (Prendergast et al., 2009) and analyzed with

regard to the material culture recovered at YCY, it is possible to explain

the discrepancy between clay and bone heating treatments. The

zooarchaeological record shows a preference for cervids and aquatic

birds, with the former representing the majority of the assemblage

(Prendergast et al., 2009). Moreover, Prendergast and colleagues show

intensive exploitation of faunal resources, with fragmentation of fresh

bone of all taxa represented, a preference for prime‐age cervids, whose

bones contain higher amounts of fat, and a preference for these animals’

long bone elements, which appear to be butchered elsewhere and

preferentially transported to the cave and then broken into fragments

between 1–5 cm. This behavioral pattern is likely oriented toward

marrow and possibly grease extraction, which would require boiling the

bone fragments for up to 3 hr. Our FTIR and micro‐FTIR analyses of the

bone fragments support and provide new evidence for the hypothesis of

bone grease extraction at YCY.

Bone boiling and grease extraction is considered an Upper

Paleolithic behavioral innovation connected to the intensification of

subsistence strategies (Manne, Cascalheira, Évora, Marreiros, & Bicho,

2012). The grease extracted from fresh bones can be used as a high

energy food, as a preservative for meat and plants, or for nonfood

related purposes, such as waterproofing or conditioning hides and

tendons (Manne, 2012; Manne et al., 2012; Munro & Bar‐Oz, 2005). The

fact that the YCY bones do not show the same heating signature as the

clays, and the presence of mechanically and intentionally fragmented

fat‐rich bones, may suggest that the bone fragments were boiled rather

than roasted over open flame, with ethnographic examples (see

Prendergast et al., 2009) indicating this being done for the purpose of

extracting grease. Further possible evidence for bone boiling for grease

extraction can also be found in other aspects of the remains at YCY: The

low ratio of charcoal to ash and the micro‐FTIR analysis results suggest

that humans were burning wood fires for long periods of time at

medium–low temperatures (Baykara et al., 2015; Karkanas et al., 2007;

Mallol et al., 2007). We can hypothesize then that one reason that

hunter‐gatherers at YCY built and maintained low–medium tempera-

ture fires that were kept until extinction was to extract bone grease.

A better understanding of cooking behavior necessitates a

consideration of the complete material culture assemblage. The

presence of cobble choppers alongside the preferential transport and

fragmentation of marrow‐rich animal bones, the presence of pottery

vessels, clay surfaces, and abundance of the fire remains with large

amounts of ash may all relate to grease rendering. We suggest that

YCY may contain the first evidence of bone boiling and grease

extraction using pottery vessels, although further analyses, including

pottery residue studies, are necessary.

At YCY the animal food acquisition/grease processing and cooking

activities in ceramic vessels, along with the clay‐lined fires, all taking

place within the cultural context of a cobble tool (chopper) lithic

tradition, represent a new form of human behavior during the Late

Pleistocene that is unique to South China and also uniquely evident of

behavioral modernity. Because South China and Southeast Asian

cobble tool assemblages lacked the European/Southwest Asian marker

of Upper Paleolithic behavioral modernity—namely blade production—

it had been difficult until present to demonstrate that despite the

simple lithics available, hunter‐gatherers in Late Paleolithic South

China were not “conservative” in their behaviors. These new behaviors

evidenced at YCY and their reflection in the material culture and

geoarchaeological record become highly significant for understanding

behavioral evolution in this region. Relatedly, the degree of fire use at

YCY is also highly significant. Such combustion remains, which

constitute the vast majority of the sedimentological record of the

cave, are something not commonly observed in Early or Middle

Paleolithic sites in South China but are new to the Late Paleolithic.

This more intensive and efficient use of fire represents a new adaptive

behavior in the region and we suggest that further geoarchaeological

studies at other cave sites will find parallel situations and may also give

evidence to other unique adaptive behaviors in this region.

5 | CONCLUSIONS AND IMPLICATIONS

Detailed, high‐resolution micromorphological reconstructions of the

natural and anthropogenic processes associated with karst cave

sediments in South China and Southeast Asian Late Paleolithic sites

can allow critical insights into behavioral evolution even when material

cultural artifacts—namely cobble tool industry lithics—retain conserva-

tive, “simple” morphological forms seemingly unconnected with new

forms of modern behavior. The chopper and flake assemblages of this

broad region, lacking blade production that usually marks the Upper

Paleolithic, require archaeologists to understand behavioral modernity

and its markers through means other than the traditional lithic techno‐
typologies that dominate interpretation in the region. Here, we consider

the depositional record of the cave site as a human behavioral record,

and the micromorphological approach, in turn, allows more nuanced

inferences concerning human behaviors that are new either to the East

Asia region or to the entire world seen at these sites. Some of the new

conclusions drawn from this approach include the following:

Our analysis shows that the human occupation of the cave likely

starts earlier than was previously thought (see Boaretto et al., 2009).

We demonstrate that the early layers at the cave, dating 21–18.3 ka

cal. BP, contain indications of human activities, including building and

cleaning fires. However, this earliest occupation seems more

ephemeral than what follows, with no signs of widespread use of

the space.
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Second, we see the selective use of space to perform a

specialized activity associated with fire use: Repeated, complete

expenditure of wood fuel and use of clay lining at the base of

hearths. We posit that this type of fire usage is a behavior that

begins only in the Upper Paleolithic, with similar occurrences

seen in Klissoura cave, Greece (Karkanas et al., 2004), and in New

World equivalents such as at Dust cave and Icehouse Bottom

(Sherwood & Chapman, 2005). As such, this particular usage of

fire should be viewed as a modern behavior and another element

of what Bar‐Yosef (2012) has termed the “Upper Paleolithic

Revolution.” This is quite significant here, for YCY’s location in

South China is in a region where lithic technology (chopper‐
chopping tools), with its limited planning depth, does not readily

give evidence of more typically modern behavior, (such as

microblades that are found in North China during the same

period). In fire usage, on the other hand, we can see innovation in

South China.

Modern behavior can also be seen in the cooking practices

carried out at YCY, with intensive preparation aimed at bone

marrow and bone grease extraction as part of these activities.

While marrow extraction can be found in Middle Paleolithic sites,

grease rendering is a predominantly Upper Paleolithic activity.

The first appearance of this practice seems to be dated to the

Gravettian (30/28–21/18 cal ka BP), as shown at the sites of Vale

Boi (Manne, 2012; Manne et al., 2012) and at Milovice IV

(Svoboda et al., 2011). Indeed, at YCY we are witnessing a truly

UP behavior, but also seemingly unique in the potential local use

of pottery to accomplish the task. Furthermore, our interpreta-

tions also imply the necessity for new forms of resource

intensification and collaborative behavior. Pottery production,

marrow extraction, and bone grease rendering are specialized

and time‐consuming activities that require not only know‐how
but also, most importantly, the removal of a number of individuals

from the group’s daily activities (Manne, 2012; Prendergast et al.,

2009). This system of collaborative behavior and potential use of

pottery to boil bones signals resource use intensification (Elston,

Dong, & Zhang, 2011; Kuzmin, 2002; Manne, 2012; Prendergast

et al., 2009). Changes in use of resources and behavior may

appear as a reaction to external pressure such as environmental

changes or increases in population density (Manne, 2012; Manne

et al., 2012; Stiner, 1991). However, the causes of these

behavioral changes at Yuchanyan, whether environmental,

demographic, or other, remain to be determined. More in‐depth
analyses of other Late Pleistocene and Early Holocene sites and

landscape of South China are necessary to document site use,

including food preparation and animal bone processing. More

data are needed to better understand the reasons that may have

caused the inhabitants of YCY to intensify their resource

exploitation of food and wood fires. Similarly, we need to

elucidate the likely connected reasons for the presence of

pottery in this hunter‐gatherer context—one of the two earliest

dated occurrences of pottery in the world, along with Xianren-

dong cave (Cohen et al., 2017; Wu et al., 2012).

The data reported here, in connection with our micromor-

phological analysis of Xianrendong (Patania et al., 2019), help

us reconstruct hunter‐gatherer behavior during the Late

Pleistocene‐Early Holocene periods in South China. We suggest

that further analyses need to be carried out on the pottery

fragments found at YCY (and Xianrendong). If our data can be

considered along with petrographic and elemental analysis of the

pottery, as well as residue analyses, then this would have the

potential to finally shed light on the processes that led humans to

the invention of pottery and the purposes of its initial usage. Our

results also show the need for a wider study of South China site

function, site distribution patterns, and human‐landscape inter-

actions, along with detailed reconstruction of the natural

environment. Such studies are needed to fully understand human

behavior in the unique ecological and cultural landscapes of Late

Paleolithic South China. This study of the micromorphology

of YCY is the first step in this process and can serve to

demonstrate the potential of the wider application of geoarch-

aeology in interpreting Late Paleolithic behavioral patterns and

understanding the invention of pottery by foraging groups in

South China.
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