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ABSTRACT 

Zhoukoudian Locality 15 is one of the most important Paleolithic sites in North 

China. It plays an essential role in assessing Pleistocene hominid adaptation and behavior, 

and defining Paleolithic cultural/technological traditions and transitions in North China and 

greater East Asia. However, the paucity of published original research hinders the 

accessibility of this rich archaeological collection and forces many discussions concerning 

this locality speculative and far-fetched. 

This dissertation makes a comprehensive study of this site and the rich data-set fi-om 

it. Major topics covered by this study include geology, stratigraphy, chronology, 

paleoenvironmental reconstruction, lithic analysis, and a discussion of the current practice 

and theoretical fi-amework of Paleolithic research in China. The centerpiece of the study is 

lithic analysis, including artifact typology and variability, core reduction, tool retouch and 

modification, and raw material exploitation and economy. Through these analyses, a 

series of theoretical and empirical questions are addressed, such as the nature of stone tool 

variability at the site, the capability and preferences of the Locality 15 hominids in 

handling the available raw materials and modifying lithic tools, the restrictions of raw 

materials placed on stone tool technology and stylistic features, the interaction between 

nature and hominids at the site, and the proper placement of the Locality 15 industry in 

Paleolithic cultural traditions and developments in North China. 

This study found that sophisticated direct hard hammer percussion was employed as 

the principal flaking technique to exploit vein quartz at the site, which is very distinctive 

from the Sinanthropus industry at Zhoukoudian Locality 1. However, the presence of 
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Levallois technology at the site, as often mentioned, cannot be verified by this study. The 

dominant tool type is simply modified sidescrapers. The stone tools' informal features, 

minimal modification, and variability in morphology and edge are perceived as closely 

related to raw material quality and availability and mainly the function of the original blank 

forms. The Locality 15 materials are also recognized as a direct challenge to the scheme 

of identifying a three-stage cultural transitions and models classifying distinct Paleolithic 

technological traditions currently prevail in North China and East Asia. 
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CHAPTER 1 
BACKGROUND AND RESEARCH OBJECTIVES 

1.1 THE PEKING MAN SITE; ACHIEVEMENTS AND PROBLEMS 

The Zhoukoudian cave complex is located on a small limestone hill called 

Longgitshan (Dragon Bone Hill), near the town of Zhoukoudian (formerly Choukoutien 

or Chou Kou Tien), about 48 km southwest of Beijing, the capital of the People's 

Republic of China (Figure 1). 

Since the site was discovered in 1918, numerous hominid fossils, faunal remains, 

lithic tools and other cultural materials have been unearthed from it. Almost all major 

interpretations of the physical evolution and cultural development of Homo erectus in 

China have been based on these materials, which made Zhoukoudian one of the most 

important prehistoric sites in the world (Pei and Zhang 1985; Klein 1989). 

Nevertheless, over the course of the past two decades, a number of questions have 

arisen, challenging the traditional interpretations of hominid activities at Zhoukoudian, 

including; a) the association of hominid fossils, faunal remains, stone tools and ash; b) the 

proposition of Zhoukoudian as the "home base" of Peking Man; c) the image of Peking 

Man as a hunter and his role in the collection of the animal bones; d) finally the 

authenticity of the oldest reliable evidence for controlled use of fire produced at the site 

(Binford and Ho 1985; Binford and Stone 1986; Dong 1996; Weiner etal. 1998). 

While Chinese archaeologists rushed to defend the importance and integrity of their 

beloved Zhoukoudian (Lii 1985; Gai 1985a; Lu 1987; Jia 1989a, Huang 1998; Zhang 
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1998; Wu 1998; Guo 1998), one should not conclude that the above debates have in any 

way undermined the significance of the site to old world paleoanthropological research. 

Quite the opposite, they indicate that Zhoukoudian is still a hot spot for scientific inquiry 

and still capable of generating new interests and stimulating new research programs. The 

debates also demonstrate that there is a great need for a systematic re-evaluation of the 

Zhoukoudian complex, from data collection to interpretations. It should be self-evident 

that the data collected in the past is no longer sufficient to answer all the newly posed 

questions in the modem era. Therefore, it is critical to accumulate new information from 

the site to address new research issues regarding human evolution and adaptation in North 

China and greater East Asia. 

Highlights of Paleoanthropological Investigations at Zhoukoudian 

Numerous books, theses and papers have been published on the history of 

Zhoukoudian investigations, such as Fossil Man in China (e.g. Black et al. 1933; Shapiro 

1974; Jia and Huang 1984, 1990; Croce 1995). Therefore, a detailed introduction to past 

research at the site is not necessary here. However, highlights of important events in the 

history of Zhoukoudian research are appropriate to this thesis in order to provide the 

research background where this study fits. 

1918: Swedish geologist J. G. Andersson paid the first visit to Jigushan (Chicken 

Bone Hill) at Zhoukoudian. 

1921: Austrian paleontologist Otto Zdansky began his excavation at Jigushan; 

Longgttshan (Dragon Bone Hill) was discovered shortly after, and Zdansky's excavation 

moved to this new site (later named Locality 1, or the Peking Man Site). 
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1926: Zdansky identified two hominid teeth from earlier excavations. The fossil 

hominid became known as "Peking Man". 

1927: Formal excavation began at Locality 1; Davidson Black proposed the new 

hominid species: Sinanthropus pekinensis. 

1929: The first comprehensive study on geology, geomorphology and paleontology 

of the site and the surrounding area was conducted by Teilhard de Chardin and Young 

(1930), and the first skull of Peking Man was discovered by Pei Wenzhong. Samples of 

potential evidence for the use of fire were collected. 

1931: Pei recognized stone tools fi-om the site. 

1933-1934: The Upper Cave and Localities 3, 4, 12, 13, 14 were excavated. 

1935-1937: Excavations conducted at Locality 15. 

1936: One mandible and three skulls of Peking Man were unearthed by Jia Lanpo. 

1941: Peking Man "disappeared" during the Second World War. 

1966: Cranial parts were unearthed fi-om Locality 1 and refitted to skull fi^agments 

found in 1934 and 1936. 

1967: Discovery of the New Cave. 

1977-1981: A multi-disciplinary study of Zhoukoudian was organized by the IVPP. 

1985: Publication of A Study of the Lithic Artifacts of Sinanthropus (Pei and Zhang 

1985) and Multi-Disciplinary Study of the Peking Man Site at Zhoukoudicm (Wu et al. 

1985). 
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1985-1986: Questions were raised on taphonomic grounds on the interpretation of 

the Zhoukoudian material by Binford and his colleagues. 

1996: Geological and geophysical research was carried out by EDF/Corporate 

Technological and Scientific Patronage sponsored by the UNESCO. 

1998: New samples were collected and analyzed at Locality 1 by an international 

team, challenging the evidence of controlled fire (Weiner et al. 1998). 

Major Achievements and Issues with Archaeological Concerns 

As one of the most important Paleolithic archaeological complexes, the 

achievements and debates generated at Zhoukoudian have far-reaching effects on the 

study of hominid evolution, technology, behavior and adaptation. 

The recognition of quartz tools 

During the initial Zhoukoudian excavations, Zdansky noted the presence of angular 

quartz flakes (Zdansky 1923). Andersson postulated that these sharp-edged flakes could 

have been used as tools by human ancestors (Andersson 1934; 100-101). However, only 

after the discovery of the first Sinanthroptis (now Homo erectus) skull, did the 

presence/absence of lithic artifacts become a major issue. 

In 1930, Pei found one quartz flake with obvious blow marks (Pei 193 la). The next 

year, thousands of similar specimens were collected when two "Quartz Layers" were 

encountered (Teilhard de Chardin and Pei 1932; Pei 1934a). Nevertheless, because of the 

limited knowledge about lithic artifacts at the time, the authenticity of these stone 

implements was highly debated (Jia and Huang 1984). 
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In order to support the argument for the authenticity of iithic artifacts, Pei initialed 

an approach that was well ahead of his time: experimentation. First, replication 

experiments were conducted to see how such stone tools could have been produced. 

Following this, comparative studies between the archaeological samples, the experimental 

specimens and naturally broken stone fragments were done. Finally, the experimental 

samples were examined microscopically to distinguish between artificial and natural 

modification/damage patterns (Pei 1931a; Zhang 1994). In 1931, Henri Breuil was invited 

to China to be the final judge on the authenticity of the Zhoukoudian artifacts. Breuil not 

only verified that these quartz flakes were indeed real artifacts made and used by Peking 

Man, but also touched upon the issues of fire use and presence/absence of bone-antler 

tools at Zhoukoudian (Breuil 1932), in fact, stirring up more controversies. 

Zhoukoudian stone industry and Paleolithic cultural traditions 

In the very beginning of Paleolithic research in China, artifact types similar to those 

found in western Europe were identified fi^om site like Shuidonggou by some western 

scholars (e.g. Teilhard de Chardin and Licent 1928; Breuil 1928). 

At Zhoukoudian Breuil (1932) also identified stone tools similar to European 

handaxes. However, Breuil's proposed similarities between the Zhoukoudian and western 

European lithic assemblages were not shared by other scholars, who believed that the 

morphological features of the Zhoukoudian material were atypical that "no close 

comparison with any Asiatic or European industry can well be made at present" (Black et 

al. 1933:133). The recognition of the unique character of the Zhoukoudian stone tools 

became the cornerstone of discussion concerning cultural traditions of early hominids. For 
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instance, the partitioning of the western Acheulian Handaxe Tradition and the eastern 

Chopper-Chopping Tool Tradition (with the Zhoukoudian industry as its major 

representative) by the Movius Line (Movius 1948, 1969), and the hypothetical model of 

two Paleolithic traditions proposed for North China (with Zhoukoudian Locality 1 as the 

key site of the Small Tool Tradition. See Jia et al. 1972; Jia and Huang 1985). I will 

return to this topic in detail below. 

Cultural development at Zhoukoudian: primitive vs. progressive 

The initial reports (Pei 1931a; Teilhard de Chardin and Pei 1932; Black et al. 1933) 

underscored the primitive character of the Zhoukoudian industry. Simple cores, flakes and 

tools with minor modification on flakes are presented, and it was pointed out that "the 

complete absence of any really fine and definite type of tool remains as a noticeable fact" 

(Black et al. 1933:133). However, Breuil (1932, 1935), unlike many of his 

contemporaries, emphasized the more advanced characteristics of the Zhoukoudian 

industry. 

Different interpretations of the development of the Sinanthropus industry resulted in 

bitter debate in the late 1950s and early 1960s among Chinese Paleolithic archaeologists. 

The debate, led by Pei Wenzhong and Jia Lanpo, centered on whether the Zhoukoudian 

lithic implements are the earliest and the most primitive ones in China (Jia and Huang 

1984). On one side, Jia and his associates asserted that Sinanthropus utilized several 

reduction and retouch techniques to produce stone tools, and that these tools could be 

classified into several specialized types. Accordingly, those artifacts could not have been 

the earliest or the most primitive tools made by hominids in China (Jia 1956, 1961; Jia and 
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Wang 1957). On the other hand, Pei and his students argued that although Peking Man's 

artifacts could be classified into a few typological categories, they possessed only the most 

basic features, such as a point or a cutting edge, allowing them to be characterized as 

tools. Even though a few samples did exhibit fine workmanship, it was asserted that the 

overall assemblage demonstrated highly variable and primitive technological attributes (Pei 

1961; Zhang 1962). 

The debate was an important turning point in Zhoukoudian research in particular 

and Chinese Paleolithic studies in general. It helped promote efforts in finding even earlier 

archaeological sites in China (Jia 1989b), a more fine-grained examination of the 

developmental features of Peking Man industry from lower to upper horizons, and the 

shift of research focus and methodology—from qualitative to quantitative (Pei and Zhang 

1985). 

Evidence for the use of fire 

In 1929 Pei collected blackened bone and sediment samples from Zhoukoudian 

Locality 1 as potential evidence of the use of fire. Subsequent excavations at Locality 1 

revealed two "ash layers" that were argued to have been the result of the controlled use of 

fire. This discovery was confirmed by Breuil during his 1931 visit and made public by 

Davidson Black (1931). Two chemical tests were later conducted on these blackened 

fossils and earth, establishing the presence of free carbon in them (Pei and Zhang 1985). 

For a long time calcified material from Zhoukoudian has been regarded as the oldest 

reliable evidence for controlled use of fire by mankind (Movius 1948; Klein 1989: 218; 

James 1989). Nevertheless, this claim was challenged by Binford and colleagues in the 
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mid-1980s (Binford and Ho 1985; Binford and Stone 1986). From a taphonomic 

perspective, Binford and his co-workers questioned whether those materials were actually 

burned and whether they were accumulated by the hominids found at the site. They also 

presented contrasting results of chemical analyses which were unknown to the Chinese. 

The major weaknesses of Binford's argument were that he and his colleagues were not 

able to examine the deposits and collections closely, and they did not conducted any new 

analyses. 

A more recent challenge to the hypothesis of controlled use of fire at Zhoukoudian 

comes from Weiner and others (1998) study. Weiner and his team collected new sediment 

samples from the two "ash layers" (Layer 4 and 10) at Zhoukoudian Locality I and 

conducted chemical-physical analyses employing an infrared spectra technique. Their 

conclusion was that no ash or charcoal remnants could be detected in the sediment; 

therefore, there is no direct evidence of in situ burning or controlled use of fire at 

Zhoukoudian. While this study made the presence of controlled fire use at Zhoukoudian 

more ambiguous, there are limitations to this study. For example, the samples examined 

by Weiner's group were obtained during section cleaning. They came far from the center 

of the cave, probably near the very edge of it, which is not an ideal place to detect the 

evidence of controlled fire use in a cave site (Wuethrich 1998). 

The use of fire by Sinanthropus at Zhoukoudian remains an open question that 

needs to be addressed. Studies like Weiner's will probably stimulate more research on this 

topic (see also Dong 1996). 
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The bone and antler tool controversy 

During his visit to China in 1931, Breuil (1939) identified a large number of bone 

and antler tools from the Zhoukoudian fauna! collection. Originally Pei (1932) agreed 

with Breuil on the presence of bone-antler tools at Zhoukoudian, but later he became 

more skeptical and conservative on the topic. Pei accepted that some antlers and bones 

exhibited human-produced marks, but he argued that these modified samples were not 

necessarily tools made intentionally by hominids (Pei 1960a). To support his argument, 

Pei conducted one of the earliest taphonomic studies. He examined bones modified by 

various animal activities, chemical agents, water actions and other mechanical forces, and 

compared broken bone from archaeological and non-archaeological contexts. Pei (1938) 

concluded that a number of marks on antlers and bones produced by non-human agencies 

could be mistaken as evidence of cultural modification. On the other hand, Jia was very 

eager to demonstrate that some alterations on bones and antlers could not be easily 

explained by natural agents or human unintentional modification, such as cracking the 

bones open for marrow (Jia 1959a). Jia's argument was based largely on reasoning and 

speculation. A recent study on a partial sample of the Zhoukoudian Locality 1 faunal 

collection failed to find clear cut-marks (Dong 1996), thus weakening the bone-antler tool 

case at Zhoukoudian even fiirther. Nevertheless, many of the bone and antler specimens 

with clear modifications (whether cultural or natural) have been lost (Dong 1996), any 

studies of the old collection will be inconclusive. Thus, it is essential to carry out new 

excavations to address this controversy. 
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Peking Man's behavior: hunting vs. scaveniging 

The abundance of faunal remains associated with Sinanthropus has long been used 

as evidence that Peking Man was a successful big game hunter (Chaney 1935; Lin 1985). 

Even though similar arguments have been made throughout the history of interpreting 

early hominid behavior (Dart 1949, 1957; Howell 1966; Lee and DeVore 1968; Leakey 

1971), the notion of big game hunting by Middle Pleistocene hominids was challenged in 

the 1980s with the application of more sophisticated zooarcheological methods. As a 

result, the image of early hominids shifted toward that of a scavenger (Brain 1981; Binford 

1981; Blumenschine 1986; Blumenschine and Cavallo 1992). 

Binford (1981; 291-293) was among the firsts to express doubts about the widely-

accepted interpretation of Sinanthropus^ hunting behavior. In the mid-1980s Binford 

(with Ho 1985; with Stone 1986) challenged the Peking Man hunting scenario more 

systematically. From a taphonomic view, Binford proposed the Zhoukoudian faunal 

assemblages were similar to patterns associated with "denning". In addition, the presence 

of carnivore gnawing marks "greatly exceeds that of tool-inflicted marks referable to 

hominid species in all the species studied" (Binford and Stone 1986: 467). It was 

concluded that Peking Man was not a hunter but a scavenger instead, transporting 

scavenged food to the cave, or scavenging carcasses already in the cave which had been 

initially accessed by other carnivores. This argument is further supported by the recent 

study by Zhuan Dong (1996: 273-275) who proposed a '̂ Natural Trap Scenario." 

According to this view, the cave or fissure structure at Zhoukoudian formed a natural trap 
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where animals fell into from time to time; later both hominid and carnivores 

opportunistically scavenged on these fallen carcasses. 

The function of the site: Peking Man's "cave home"? 

Binford (with Ho 1985; with Stone 1986) also questioned the assumption that 

Zhoukoudian was used as the "cave home of Peking Man." The evidence supporting 

Zhoukoudian as Peking Man's home base was the presence of hominid fossils and a large 

quantity of archaeological remains within the deposits, including stone tools, broken 

bones, "ash layers" and other calcified items (Jia 1975; Wu and Lin 1983; Lu 1987; Zhang 

1989). However, Binford argued that: 1) the hominid fossils, faunal remains, stone tools 

and ash are not necessarily associated at Locality 1 (Binford and Ho 1985: 428); 2) the 

"ash layers" were not evidence of hearths and may not be burnt ash at all; 3) there is no 

"structured arrangement of stone tools or localized hearths" (Binford and Ho 1985:429); 

4) and body part representation and carnivore tooth marks on bones indicate that denning 

animals were primarily responsible for both the introduction and modification of the bones 

(Binford and Stone 1986: 466). 

Binford's proposals have been criticized on many grounds (Behrensmeyer 1986, 

Olsen 1986; Jia 1989a, Dong 1996). However, they carmot be simply dismissed, just as 

the notion "Zhoukoudian, the Peking Man's cave home" cannot be discounted by 

Binford's arguments either. The main reason is that the data collected during the 1930s is 

not able to support more detailed studies that could address such issues. Therefore, new 

fieldwork is necessary to generate new data applying modem field techniques. 
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1.2 OTHER LOCALITIES AT ZHOUKOUDIAN: THE NEGLECTED 

Zhoukoudian is the most thoroughly studied and published Paleolithic site in East 

Asia. However, Zhoukoudian is not just a single site, but a complex of many 

archaeological and paleontological localities. Research conducted at these different 

Zhoukoudian localities has not proceeded in a balanced way. Locality 1 has received the 

greatest attention, mainly because of the occurrence of Homo erectus fossils. Other 

localities, in the meantime, have been largely neglected. 

One might be confused by the locality numbers of the different Zhoukoudian sites 

and the way these localities might relate to one another. One reason for the confusion and 

ambiguity is that many of the sites were found during brief reconnaissance surveys in area 

around Zhoukoudian in the mid-1930s. When fossils and/or artifacts were discovered 

serial numbers were assigned, but more oflen than not, no foUow-up investigations were 

undertaken and no detailed records were retained. Another reason for the confusion is 

that funding for the initial Zhoukoudian investigations was provided by the Rockfeller 

Foundation in the United States and was restricted only for that purpose. All expenditures 

had to be cleared with documents stamped "CKT' (for "Choukoutien"). So in order to 

subsidize explorations at other sites, the Zhoukoudian locality numbers were sometimes 

applied to sites elsewhere (Jia and Huang 1984). For instance, the serial numbers of 

Localities 17 and 18 were assigned to two sites in Junzhuang and Huiyu, about 40 

kilometers northeast of Zhoukoudian. Even a site found in 1937 in Yunnan Province in 

southwestern China was originally proposed to be named a locality of Zhoukoudian! This 
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practices stopped only after financial support had been generated from other sources (Jia 

and Huang 1990). 

During the course of the 20"* Century with so much political and social unrest in 

China, many of the original records from the Zhoukoudian investigations have been 

destroyed or lost, and accordingly, the histories of some of the Zhoukoudian localities 

have begun to fade. Because this study is actually not about the best known Zhoukoudian 

Locality 1, but about one of these forgotten sites. Locality 15, it is justifiably important to 

dig through the dust of the old files and rescue the available information about these less 

well known localities before they completely vanish. 

A Brief Description of the DifTerent Zhoukoudian Localities 

(Figure 2. The distribution of Zhoukoudian localities) 

Locality 1: The Peking Man site. Found on Dragon Bone Hill (Longgushan). 

Originally Locality 53 in J.G. Andersson's field records, changed to the No. 1 Cave in 

1927 (Jia and Huang 1984), and renamed Zhoukoudian Locality 1 in 1929 (Teilhard de 

Chardin and Young 1929). 

Locality 2: Found On Dragon Bone Hill, very close to Locality 1. Faunal remains 

collected from fissure deposit. Estimated to be of Middle Pleistocene age. 

Locality 3: Found on Dragon Bone Hill, near Locality 1. Faunal remains and burned 

bones were unearthed from fissure deposit. The mammalian fossils were studied by Pei 

(1936b). Based on biostratigraphy, the age of this Locality is estimated to be younger 

than Locality 1, probably coeval with Locality 4 (Pei 1936b, 1955). 
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Locality 4 and The New Cave: Located about 70 meters south of Locality 1. First 

excavation in 1935. Numerous animal fossils were collected from a fissure deposit (Pei 

1939a). In 1967 a large cave was found inside this fissure and was named the New Cave. 

In 1972 and 1973, excavations were undertaken at this site and more mammalian fossils, 

lithic tools and "ash" were unearthed (Jia and Huang 1984). In addition, a hominid tooth 

was found (Gu 1978), making this site one of the three localities (Localities 1, 4 and the 

Upper Cave) on Dragon Bone Hill that yielded hominid fossils and one of the four 

localities on the hill (Localities 1,4, 15, and the Upper Cave) yielding stone artifacts. The 

age of this site is believed to be younger than Locality 1 (Pei 1948). Uranium series dates 

place Locality 4 at 135,000-175,000 BP (Chen et al. 1984). 

Locality 5: Located on Dragon Bone Hill, south of Locality 3. Faunal remains were 

collected from a fissure deposit. Possibly Middle Pleistocene age. 

Locality 6: The so called "Chicken Bone Hill" that originally attracted J.G. 

Andersson (1934) to Zhoukoudian in 1918. It is located about 2 km southwest of 

Locality 1. Excavations at this site were undertaken briefly in the summer of 1921 by O. 

Zdansky and resumed in 1927 by C. C. Young (1930). The faunal assemblage described 

by Young includes wolves, foxes, badgers, rodents, hedgehogs, hares, and deer. No 

cultural remains were found. A Middle Pleistocene age has been estimated for this site. 

Locality 7: Located less than 1 km southwest of Locality 1. Animal fossils were 

collected from Middle Pleistocene deposits. 

Locality 8: Located about 1.2 km east of Locality 1. Faunal remains were 

discovered in possible Middle Pleistocene fissure deposits. 
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Locality 9: Situated very close to Locality 7. Mammalian fossils were collected 

from probable Middle Pleistocene fissure deposits and studied by Teilhard de Chardin 

(1936). 

Locality 10: Located 0.8 km west of Locality 1. The nature of fossils unearthed and 

age are unknown. 

Locality 11: Located about 0.25 km north of Locality 10. As in the case with 

Locality 10, the nature of the fossils discovered and the age of this site are not clear. 

Locality 12: Situated on Dragon Bone Hill, south of Locality 1. Excavated in 1933. 

Mammalian fossils were unearthed from Early Pleistocene coarse sand deposits (Jia and 

Huang 1984). 

Locality 13: A very important site within the Zhoukoudian complex that deserves 

further study. The site, situated on the southern slope of a small limestone hill 

approximately one kilometer south of Locality 1, was discovered in October 1933 and 

excavated in 1933, 1934, and 1936. During the first two excavations, a total of 400 cubic 

meters of sediment was removed and 161 boxes of faunal remains were unearthed from 

fissure deposits (Jia and Huang 1984). A description of the fissure deposits can be found 

in Pei's (1934b) site report, and the faunal assemblage was studied by Teilhard de Chardin 

and Pei (1941). 

Some stone artifacts were unearthed from the site, including flakes, core/choppers, 

scrapers and proto-points. The artifacts are believed to be comparable to those of 

Locality 1 and are regarded as part of Peking Man's industry (Zhang 1989). Ash layers, 

burned bones, and Celtis (hackberry) seeds are also reported from the site. 
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Biostratigraphic data place this locality slightly older than Locality 1; thus, the hominids 

who occupied this site are referred to as "the earliest inhabitants at Zhoukoudian" (Jia and 

Huang 1990). 

Locality 13 A. Located a few meters southeast of Locality 13. It was discovered in 

1955. Ash layers were identified from the lower section of the site and some mammalian 

fossils were collected. No lithic artifacts were found (Zhang 1989). 

Locality 14: Located on a ridge southwest of Locality 13, about 1.5 km south of 

Locality 1. Discovered in November 1933 and excavated in 1933, 1951 and 1953. About 

2,000 well preserved fossil freshwater fishes, including a variety of extinct and living 

tropical and subtropical species, were unearthed from Early Pliocene deposits of yellowish 

sandstone, coarse sand and pebbles on a hilltop 70 meters above the present riverbed. 

Locality 14 has become a very important site for studying paleoenvironmental and 

geological/topographic changes in the Zhoukoudian region (Jia and Huang 1990). 

Locality 15: The focus of the current study. More than 10,000 stone artifacts and 

numerous faunal remains were unearthed at the site in the mid-1930s. A detailed 

description of the site and its cultural components are presented below. 

Locality 16: Location and archeological/paleontological components are unknown. 

Locality 17: Discovered in the fall of 1935 by Jia Lanpo. Located near Junzhuang, a 

village about 40 km north of Zhoukoudian along the Yongding River. Mammalian fossils 

were collected from a fissure or cave deposit (Jia and Huang 1984). Age unknown. 

Locality 18: Also found in the fall of 1935 by Jia Lanpo at Huiyu, very close to 

Locality 17. Excavated in April 1937 (Jia and Huang 1990). Fossils of 27 mammalian 
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species were unearthed from fissure or cave deposits and were studied by Teilhard de 

Chardin (1940). The locality was dated to the Lower Pleistocene based on 

biostratigraphy. 

Locality 19: A vertebrate fossil site. Location and age unknown. 

Locality 20: Located between Localities 13 and 14. A faunal site, probably 

belonging to the Middle Pleistocene. 

Locality 21: Situated more than 1 km east of Locality 1. Faunal remains of a 

possible Middle Pleistocene age were recovered. 

Locality 22: Found near Locality 21. Discovered in 1958. Some lithic artifacts and 

fossils of more than 10 mammalian species were unearthed from a cave deposit (Jia et al. 

1959). Stone artifacts include a few cores, flakes and scrapers (Zhang 1963). The age of 

this site is thought to be early Upper Pleistocene (Qiu 1989). 

Locality 23: Located about 1.25 km south of Locality 1. Unearthed materials and 

age unknown. 

Locality 24: Situated nearly 2 km south of Locality 1. Other details are not 

available. 

Locality 25: Located on a mountain called Xibiandanwo approximately 8 km west 

of Zhoukoudian. Discovered in the fall of 1935. Test excavation yielded some quartz 

artifacts and mammalian fossils from a limestone cave deposit (Jia and Huang 1984). 

Another test excavation was undertaken in 1988 and more artifacts and faunal remains 

were collected. Artifacts include bipolar flakes, flakes, cores, scrapers and points (Long 

1988). The age of the site has not been determined and the few recovered lithic artifacts 
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are not sufficient to reveal the character of this assemblage. This site has great potential 

for future excavation. 

The Upper Cave (Shan Dine Dong): Located just a few meters south of and 

stratigraphically above Locality 1. Found in 1930 and excavated in 1933 and 1934. 

Fossils of at least eight Homo sapiens sapiens individuals were unearthed in a possibly 

ritual and/or burial context, associated with chipped lithic artifacts, finely crafted 

ornaments, a bone needle and other bone/antler tools, as well as abundant faunal remains 

(Pei 1934c, 1939b, 1939c; Wu and Zhang 1985). It is one of the most important late 

Upper Pleistocene sites in China to study the development of modem East Asian 

populations and their cultures. Radiocarbon dates place this site between 13,000-32,000 

BP (Chen and Zhang 1991; Chen et al. 1992). 

The above description, although far from a complete presentation of all the 

Zhoukoudian localities, clearly demonstrates that the Pleistocene hominids engaged in 

very dynamic adaptive activities in various periods of time at various locations in the 

Zhoukoudian area. Furthermore, hominid activity in the area was not restricted to the 

numbered Zhoukoudian localities. Recent archaeological reconnaissance organized by the 

Beijing Municipal Government has found more than ten Paleolithic sites in Beijing region, 

including one in downtown Beijing (Li 1992; Li et al. 1998). 

Discussion and Summary 

The above summary illustrates that research at various Zhoukoudian localities has 

been unbalanced and biased. While most interpretations of fossil hominid culture and 

behavior at Zhoukoudian are based on materials from Locality 1, many other sites with 
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great archaeological potential have not even been formally excavated, and of the few 

localities that have been excavated, the lithic and faunal collections have not been 

systematically analyzed. As a result, our current understanding of Peking Man, his 

culture, behavior and adaptation, is based on a very narrow subset of available data. Other 

than lithic typology and technology at Locality 1, very little is known of other aspects of 

the Zhoukoudian technocomplex. For instance, the origin and development of the 

Zhoukoudian lithic industries, the exploitation of raw material resources, the duration of 

hominid occupation at these sites, and the strategies and mechanisms of utilizing dififerent 

localities, are topics of interest that remain to be explored. 

An underlying preconception about Zhoukoudian that needs to be addressed is that 

all cultural remains at the Zhoukoudian complex were created and left by a single hominid 

group ( i.e., Sinanthropus). It is quite probable that during the course of some 500,000 

years of human evolution, many different groups of hominids used the site. Therefore, 

temporal and/or spatial variability in stone tool technology and land use may exist at some 

localities, waiting to be unfolded. A close examination of the material available from those 

localities and comparison with one another will lead to a more complete picture of 

hominid's adaptation and survival during the Middle and Upper Pleistocene of this region. 

1.3 ZHOUKOUDIAN LOCALITY 15: CURRENT RESEARCH 

Background and Research Questions 

One particularly rich archaeological locality at Zhoukoudian that has remained in the 

shadow of Locality 1 is Locality 15. It is situated about 70 meters south of Locality 1 and 

nearly ten meters east of Locality 4. Discovered in 1932 and excavated from 1935 to 
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1937 (Jia and Huang 1984), the fieldwork yielded more than 10,000 stone artifacts, bones 

of at least 33 mammalian species, Celtis seeds, wood ash and other burned items, making 

it the second-richest locality at Zhoukoudian. Based on biostratigraphy, an early Upper 

Pleistocene age has been commonly accepted for Locality IS. 

Archaeologists have regarded the Locality 15 stone tool industry as the direct 

successor of the Sinanthropus tool complex and the beginning of the Middle Paleolithic in 

China (Qiu 1985; Zhang 1987); Several scenarios regarding the cultural components and 

character of the Locality 15 industry and its relation to other industries in North China 

have been proposed by various researchers. One is that the lithic assemblages of 

Localities 15 and 1 share similarities in typology and technology, but the former exhibits 

substantial "improvement" over the latter, evidenced by the presence of platform 

preparation, soft hammer retouch, and a higher percentage of regularized tool types (Qiu 

1985; Zhang 1987). The Locality 15 industry has been placed in the Small Tool Tradition 

of North China (Jia et al 1972; Jia and Huang 1985). A microlithic component was 

identified at the site, and thus Locality 15 is credited as the source of microblade 

technology in China (Gai 1991). "Levallois flakes" and "handaxes", typical artifact types 

for western Eurasia in the Lower and Middle Paleolithic, were identified at the site (Pei 

1939d), suggesting some type of interaction between the East and West. Such 

discussions, descriptions, and characterizations of Zhoukoudian Locality 15 can be found 

in many textbooks, monographs and research papers, both in English and in Chinese (e.g., 

Jia 1936, 1983; Pei 1939d; Kozlowski 1971; Wu and Olsen 1985, Zhang 1987; Wu et al. 

1989). 
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The rich archaeological data-set and the geochronological position of Locality 15 

provide a unique opportunity for studying the cultural and technological development and 

transition of Early Upper Pleistocene hominids in East Asia and, perhaps clarifying the 

relationship between lithic industries of North China and other Old World Paleolithic 

complexes. However, since the conclusion of the excavations at the site, the recovered 

stone artifacts and other material have been stored, virtually untouched, at the Institute of 

Vertebrate Paleontology and Paleoanthropology (IVPP), a branch of the Chinese 

Academy of Sciences in Beijing. The lithic and faunal assemblages have never been 

sorted, counted and studied in a systematic way. In addition, a comprehensive excavation 

report has never been prepared, and chronometric analysis has not been attempted. 

All propositions about the Locality 15 industry and other discussions of this site are 

based on two partial site reports published in the 1930s (Jia 1936; Pei 1939d)—the only 

original published research on Zhoukoudian Locality 15 so far. The paucity of the original 

published research and the subsequent publicity, high expectation, and well-known 

importance of the site contrasts markedly, and has had a tendency to push some 

researchers to extend their interpretations of the site beyond the limitation of information 

provided by these two short reports. Accordingly, there is a great need for a systematic 

study of the site and its cultural components, which would allow the inclusion of 

Zhoukoudian Locality 15 in any reconstruction of Paleolithic cultures and hominid 

adaptation in North China and East Asia. 
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Research History at Zhoukoudian Locality IS 

Unfortunately the original field records for this site were lost during the Cultural 

Revolution and subsequent relocation and reorganization of the IVPP, so some details of 

the research history at Locality 15 cannot be presented in this dissertation. However, the 

two partial field reports (Jia 1936; Pei 1939d), as well as Jia and Huang's (1984, 1990) 

recollection of investigations at Zhoukoudian, all provide some information on early 

research at Locality 15. In addition, during my stay in Beijing in 1997 I had a long 

conversation with Professor Jia Lanpo, who was in charge of the excavations at 

Zhoukoudian Locality 15 in the mid-1930s. Although Jia was almost 90 years old, he 

could still vividly remember many details of the excavation. 

The Discovery 

Dragon Bone Hill, the site of at least nine Zhoukoudian localities, is composed 

mainly of Ordovician limestone. At least since the Song Dynasty (AD 960-1279) lime

kilns and quarrying have been the traditional mainstays of the local economy. During the 

quarrying process, occasionally caves or fissures filled with breccia, sand, and clay were 

encountered. Because of the cost of getting rid of these unwanted but usually fossil-

bearing deposits, quarrying used to stop at the spot, leaving these fill-ins exposed and 

relatively intact. 

Zhoukoudian Locality 15 was discovered in 1932 when an effort was made to 

determine the boundaries of the Peking Man site. The field team led by Pei Wenzhong 

first came across a block of thick breccia rich in bone fi'agments in one such abandoned 

quarry sites south of the Simnthropus locality (Pei 1939d; 147-148). A few vein quartz 
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flakes were also spotted. The original exposed part of the site was quite small, and the 

first fossils sighted did not attract much attention, because in the Zhoukoudian limestone 

area such objects can be found in many places. However, the international recognition 

given to the stone artifacts and ash remains unearthed at Locality 1 shed new light on this 

new locality. The serial number "Zhoukoudian Locality 15" was assigned and a plan to 

excavate it was initiated (Jia and Huang 1984). 

Excavations in the mid 1930s 

Fieldwork at Locality 15 started on May 3, 1935. The first few days were used to 

remove the lime-kiln wastes. Fifty square meters of such waste materials was cleared. 

Real excavation began on May 7 (Jia and Huang 1990. Note that in Jia's 1936 

report, the clearing lasted until May 11). A field technique called "trenching" or 

"gridding", which was first utilized during the Locality 1 excavation in 1932 and modified 

during excavations at the Upper Cave in the following year (Pei 1934d), was adopted in 

the new excavation. The excavation area was marked into 2 meter squares with limewash. 

Two workers, one skilled and one unskilled, were assigned to do the digging for each 

square block. The artificial layer of one meter in depth was designed. Plan and cross-

section maps of 1:100 scale for each layer were made to record the spatial distribution of 

important recovered artifacts and fossils. Every two days a photo was taken for the whole 

excavation area from a fixed location (Jia 1936; Jia and Huang 1990). Each stone artifact 

and macromammal fossil bone fragment was given a serial number in the following 

sequence: first, the Locality number (Loc. 15), followed by the year of the excavation (35, 
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36, or 37), then the accumulative days of the excavation in that year. For some 

specimens, the grid and level numbers were also added to the end. 

Excavations at Locality 15 were on and oflf between 1935 and 1937. A large 

quantity of animal fossils and lithic materials was unearthed during the three-year 

excavations. On June 9, 1935 alone, excavation at the site yielded more than 400 stone 

artifacts, predominantly of vein quartz. The first batch of lithic and fauna! specimens was 

boxed into 18 crates and shipped to Beijing by train on June 10 (Jia and Huang 1984:82). 

On June 22, 1935, a thick-jawed deer (Megaloceros pachyosteus) was recovered 

(Jia and Huang 1990:122). As this species has always been taken as an index fossil of the 

North Chinese Middle Pleistocene and was encountered fi^equently in Locality 1, the 

excavated deposits at Locality 15 were determined to be the same dates as those of the 

upper layers of Locality 1. Another significant find was a thick layer of "ash" underneath 

the breccia stratum. Burned rodent bones were embedded in this ash layer. 

A total of 114 working days were spent in fieldwork during the first year of 

excavation at Locality 15. Roughly 882 cubic meters of breccia and other deposits were 

removed, and 130 boxes of stone and fauna! specimens were collected. The unearthed 

mammalian fossils were mostly fi^agmented, but they were better preserved than those 

from Locality 1 (Jia and Huang 1984: 82). 

Excavation continued in 1936. Unfortunately, the record for that year's excavation 

is almost absent from existing documents. Far fewer specimens were found with the serial 

number of "36", and therefore it seems that the 1936 excavation was less intense than in 

either 1935 or 1937. 
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Fieldwork started on January 1 in 1937 at the site and paused on April 2 (Jia and 

Huang 1984:82). Excavation was resumed on April 16 (Jia and Huang 1984:109) but the 

ending date was not recorded. On July 7, 1937, the Japanese army invaded Wanping 

County of Peiping (the old name of Beijing under the Nationalist Government's rule), 

about 36 kilometers northeast of Zhoukoudian. The full-scale Anti-Japanese War broke 

out, and even Longgushan itself became a battle ground for the rival forces. Excavations 

at Zhoukoudian were forced to halt. 

Subsequent Investigations at Localitv IS 

According to Jia and Huang (1984:83), two "Paleoanthropological Excavation and 

Fossil Conservation Workshops" were conducted at Zhoukoudian in the early 1950s and 

training excavations were undertaken briefly at Locality 15. Some artifacts and broken 

bones were discovered. However, neither detailed records of the excavation nor the 

whereabouts of the recovered materials could be located. 

What Can Be Learned from These Two Eariy Reports? 

Jia's 1936 report 

In 1936 Jia Lanpo, the person in charge of the Locality 15 excavations, published 

the first report on this site in a Chinese newspaper. The World Daily {Shijie Ribao), titled 

Preliminary Report on the Excavation of Choitkoutien Locality 15. In the first part of the 

report, "Excavation Procedure and Method", the history of the discovery and the location 

of the site were introduced briefly, the fieldwork organization, procedure, techniques and 

work schedule for 1935 were presented. 
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In the second part, "Deposits and Geological Context," the stratigraphy of the site 

and the geological context of the deposits were discussed based on the result of the first 

year's excavation. The excavated section was divided into four natural levels. Jia 

believed that the excavation was "definitely in a cave deposit" (Jia 1936: 108). The roof 

of the cave was long gone, but the original southern and western walls were still standing, 

forming an angle approaching 90°. The two excavation squares were situated in the 

western and southwestern portion of the cave, along the walls. 

In the third part of the paper, "The Specimens Collected," a list of the partial faunal 

assemblage was given, and major lithic artifact types, including points, "disc-like tools," 

scrapers and "axe-like implements," were mentioned. It was noted that these artifacts 

were all simple and roughly made and were characteristic of the initial phase of Paleolithic 

cultures, strongly resembling the Locality 1 lithic industry. 

In the final part of the article, "A Comparison with Locality I and the 

Geochronology," the similarities between the Localities 1 and 15 lithic assemblages were 

discussed very briefly. The geological ages of these two localities were believed to be 

close to each other. It was concluded that "there are no major differences between 

Locality 15 and Locality 1" (Jia 1936: 111). 

Pei's 1939 paper 

In 1939 Pei Wenzhong published the second report on Locality 15, titled A 

Preliminary Study on a New Palaeolithic Station Known as Locality 15 within the 

Choukoutien Region. In this paper, more details about the investigation at this locality 
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were provided, and more information about the recovered stone and faunal assemblages 

were presented. 

In the discussion of the site's stratigraphy, a section drawing was provided. Pei 

pointed out that "stone implements have been collected from parts through all of the 

sediments and we could not detect any differences between the artifacts found from 

different layers. Consequently, it seems that a subdivision of the layers into different 

cultural zones is unnecessary" (Pei 1939d;149). 

A much more complete faunal list was presented, including remains of 77 vertebrate 

species. Line drawings of some of the important specimens were provided. Based on the 

faunal material, Pei concluded that the Locality 1S deposits were formed in a cave already 

entirely collapsed or in a fissure exposed to the open air. The paleoenvironment of the 

Zhoukoudian region during the time of deposition at Locality 15 was proposed to be 

mainly a steppe, with forests along certain slopes and with patches of desert in higher parts 

or along the foothills. The Pleistocene climate seems to have been temperate and semi-

arid, more or less the same as that of present day North China (Pei 1939d: 158). 

Discussion of Raw material exploitation, tool manufacturing techniques, and the 

typology of the artifacts recovered was included. Flake production was argued to have 

been done in a non-systematic fashion, evidenced by the domination of small, irregular 

flakes, although some regular flakes were created by a procedure resembling the European 

"Levalloisian" method (Pei 1939d;160). The bipolar technique, extensively used at 

Locality 1, was scarcely recognizable at Locality 15 (Pei 1939d; 160). Retouch was 
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accomplished chiefly by uncontrolled free hammer blows, resulting in irregular and deeply 

concave scars (Pei 1939d:162). 

Pei postulated that "most of these implements may be used in more than one way" 

(Pei 1939d:163). Nevertheless, discrete types were compiled and the artifact classes were 

arranged in a hierarchical order. First, the tools were divided into three general 

categories: 1) pebble and boulder implements; 2) flake implements; and 3) nuclei and 

nuclei-form artifacts. Within these categories, artifacts were further subdivided into 

discrete classes, such as choppers, truncated boulders and pebbles, discoidal implements, 

tools on small pebbles, utilized flakes, scraping tools (including linear scrapers, convex 

scrapers, concave scrapers, double scrapers, pointed scrapers, and scraping blades), 

pointed tools (points, beaks, borers, small bifaces, and semi-bifaces), discoidal tools, 

bipolar implements and flakes, gravers or burins, microliths and "special types" (cleavers, 

trapezoidal scrapers, triangular points, etc.). No statistical analyses were given for the 

various classes of artifacts. 

On the final conclusion of the paper, a comparison was made between Localities 15 

and 1. On the age of the two sites, Pei believed that although Locality 15 still belonged to 

the same general pre-loessic age as Locality 1, it might be "distinctly younger, and 

approximately contemporary to Locality 3" (Pei 1939d:184). On stone technology and 

typology, Pei concluded that "the Locality 15 industry is somewhat more advanced, and 

younger, than that of Locality 1." He further stated that, "considering the bulk of the 

Locality 15 implements, one carmot escape the impression that, on the whole, they are 

positively related to those collected in Locality 1" (Pei 1939d; 186). 
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The Weakness of the Earlier Studies 

While these early studies provide valuable data for the new research, there are a few 

shortcomings. 

First, these two papers cover only a portion of the recovered materials from Locality 

15 and the information provided by them is fragmentary and incomplete. Jia's paper was 

very short (only 5 pages) and covered only the first of three years of investigation at the 

site and, though Pei's paper was written shortly after the completion of the excavation, he 

admitted that a considerable amount of specimens were still unprepared; thus he was not 

able to make a thorough presentation on the discoveries (Pei 1939d:15l). 

Second, these early studies are outdated and some of the conclusions are no longer 

valid. These two papers were published at a time when Paleolithic archaeology in China 

was still in its infancy, and western Europe had not even witnessed the maturation of the 

discipline yet. The way the artifacts were classified, described and presented are no longer 

comparable with current practice. The application of European classificatory stone tool 

terms to the Locality 15 stone materials by Pei are no longer suitable for the diversity of 

the lithic assemblage at the site. 

Third, the presentation of lithic material in these earlier studies was done solely in a 

qualitative and descriptive manner. This reflects the traditional practice in Paleolithic 

archaeology that was introduced from geology and paleontology; that is, only typical 

samples were selected for presentation as "index fossils" for an artifact class or for the 

whole assemblage. No quantitative assessments of assemblage composition or artifact 

metrics were published. The dearth of such important data is the major obstacle for 
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assessing the nature of iithic technology and typology at the site, the function of those 

artifacts and the site, and making reasonable comparisons between Locality 15 and other 

lithic assemblages. 

Fourth, what is missing from these early studies in general is an integrative 

perspective of the various kinds of data from the site, the dynamic relationship among 

different artifact groups and between the Locality 15 assemblage and other Paleolithic 

industries. 

The Current Project 

Introduction 

Since the conclusion of the excavations. Locality 15 has remained a hot spot for 

Paleolithic research in China. However, due to social/political reasons and personal 

competition, the rich collections from this site have been sitting silently in the storage 

room at IVPP, untouched for more than half a century. 

I was greatly honored and delighted to be granted the opportunity to study the 

collections and the site in early 1997 by the FVPP, my home institute, as my dissertation 

research project. In late May 1997, I returned to Beijing to undertake this long-desired 

project. From July to December, I shuttled back and forth between Zhoukoudian, IVPP, 

and other research labs in Beijing, to conduct section clearing, test excavation, sample 

collection, museum studies, and various special analyses (e.g., pollen analysis and 

chronometric studies). 
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The available data base: feasibility and limitations 

The main data set for this research consists of nearly 7,000 lithic artifacts unearthed 

from the site between 1935 and 1937 and stored at the IVPP in Beijing. My initial 

proposal also included a zooarcheological study of faunal remains from the site. 

However, because of time constraints and the difficulty of locating the faunal materials, a 

zooarcheological study was not carried out. 

The Locality 15 artifact collection had been preserved almost intact up to the 

present. In the late 1930s and early 1940s, these artifacts, along with other materials 

recovered from Zhoukoudian, were seized by the Japanese who occupied Beijing. Part of 

the Locality 15 stone artifact collection was shipped to Japan as war trophies. 

Fortunately, the fate of these stones is much better than that of Peking Man, who has 

remained missing for more than half a century. After the Japanese surrender and the 

American military occupation, a Chinese delegation was sent to Japan to locate and 

repatriate Chinese treasures plundered by the Japanese army. Requested by Pei 

Wenzhong, Dr. Li Ji, an archaeologist and a member of the delegation, devoted himself to 

looking for the Sinanthropus fossils and associated artifacts. Among the Zhoukoudian 

materials Li recovered and sent back to China were the lithic artifacts from Locality 15 

(Jia and Huang 1984:132-134). 

The destiny of the rest of the collection from the site was not much better. In 

December 1941, the Japanese army seized the Peking Union Medical College, an 

American sponsored institution, where fossils and artifacts from Zhoukoudian were 

stored, and used it as the headquarters for the Japanese Imperial Army. In 1946, some of 
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these Zhoukoudian materials were recovered from the abandoned building, mixed with 

other artifacts, modem animal skeletons, broken plaster models, et cetera. (Jia and Huang 

1984: 141-142). Thanks to the tedious and precise work by Jia and his associates during 

the excavations, each artifact from Locality 15 was labeled; therefore, they could be 

identified and resorted into a discrete assemblage. 

The current Locality 15 lithic collection was divided and stored at two institutions; 

the Department of Archaeology at Beijing University and the IVPP (Zhang 1987; 161). I 

was told by several sources that all the "good specimens," that is, artifacts with clear 

evidence of human modification, were housed in the FVPP, while the remaining and the 

uncertain quantity of fragments and debitage were stored at Beijing University. Two 

leading Paleolithic archaeologists at the IVPP, Professors Zhang Senshui and Li Yanxian, 

have studied the collections at Beijing University and both assured me that no classifiable 

samples were to be found there. In the fall of 1999 I was able to examine personally part 

of that collection at Beijing University and found out that Zhang and Li's observations 

were basically true. 

Overall, what I ended up examining is an incomplete collection of lithic artifacts 

from the earlier excavations; a common problem in the study of old collections (Rigaud 

and Simek 1987). Nonetheless, the collection from Locality 15 is more complete than that 

of Locality 1, because during the initial excavations of the latter site stone tools were not 

recognized and collected. Only beginning in 1931 were lithic artifacts collected from 

Locality 1 (Jia and Huang 1990). Even though some artifacts were recovered from the 

back-dirt, it is safe to assume that a considerable number of specimens from the upper 
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horizons of Locality 1 were already lost. When we consider the nature of archaeological 

evidence, the formation processes of the archaeological record, and excavation and 

recovery biases, we can assume that in nearly all circumstances, what archaeologists 

recovered is just a portion or a sample of the entire body of evidence left by the occupants 

of the site. In another words, there is no such thing as a perfect, unbiased, fiilly 

representative data set. Therefore, "it is a challenge in all archaeological research to 

identify the biases in the available observations, and to adopt an approach that circumvents 

or minimizes their influence" (Kuhn 1995:78). The most important thing to be borne to 

mind is what kind of relevant questions may be posed and what inferences may be drawn 

from the available lithic collection. 

Besides the incompleteness of the lithic assemblage, another drawback of the 

Locality 15 data set is the lack of precise provenience information. As was commonly 

practiced at the time, the spatial location of fossils and tools were recorded only by trench 

and geological or arbitrary level. Obviously, the lithic assemblage employed in this study 

does not correspond to a single occupational event. The coarse-resolution of the 

excavation records will not permit the reconstruction of the daily lives of the occupants of 

the site precisely. In the vast majority of Paleolithic sites, artifact assemblages were 

accumulated over tens or hundreds of thousands of years. In such contexts, many traces 

of different aspects of human behavior were most likely destroyed or lost before scientific 

excavation, largely due to various human activities and non-human disturbances during 

site formation processes (Schiffer 1987). On the other hand, assemblages derived from 

such contexts may be used to address questions about long-term evolutionary or adaptive 
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processes, and to make comparisons with other assemblages accumulated within 

comparable time spans and in similar contexts (Kuhn 1995). 

Research Objectives and Significance 

This project is a comprehensive study of Zhoukoudian Locality 15, with lithic 

analysis as the core of the investigation, though a number of additional research issues 

were addressed. One objective of this study is to determine the age of the site and its 

chronological relationship to other localities at Zhoukoudian, especially Localities 1 and 4. 

Another goal is to examine the paleoenvironmental and ecological conditions for hominid 

survival and adaptation in that area. Lithic analysis will address such questions as stone 

tool technology, typology, function and variability, raw material economy, and through 

them the nature and extent of social and economic activities at the site. An important part 

of this analysis is a comparative study between Locality 15 and Locality 1, as well as other 

major Pleistocene lithic industries in north China. This section is aimed at establishing the 

position of the Locality 15 assemblage within the Paleolithic cultural sequences of North 

China and evaluating the current theories or models regarding Paleolithic 

cultural/technological traditions and development in this region. 

Middle Paleolithic studies in China are poorly developed in comparison with 

research conducted on earlier and later periods of Chinese prehistory during the 

Pleistocene. Not only have fewer sites been identified and excavated, but also the specific 

cultural features by which a distinctive Middle Paleolithic might exist are poorly defined. 

In the Afiican Middle Stone Age and the western Eurasian Middle Paleolithic, distinctive 

"cultures" or lithic industries are marked by unique stone tool-kits (e.g., the Mousterian 
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technocomplex and Levallois technology; Dibble and Mellars 1992). However, in China 

and greater East Asia, these spatial and temporal constructs are solely determined on 

chronological or biostratigraphic grounds (Zhang 1985, 1990; Qiu 1989; Lin 1996; Gao 

1999). The Locality 15 industry is generally placed at the beginning of the Middle 

Paleolithic in China; analysis of this assemblage will help resolve much of this confusion 

regarding the definition and existence of a distinct "Middle Paleolithic" in China. 

The research proposed here will also bring more current theoretical and 

methodological perspectives to Chinese prehistoric studies. Paleolithic research in China 

has achieved its own version of excellence. However, such a practice in China is still 

largely a tradition of classification and description, rather than interpretation (Chang 1981; 

Yi and Clark 1983; Olsen 1987; Schick and Dong 1993); what is lacking are behavioral 

interpretations of lithic variation. The analytical and interpretive approaches and the 

overall research design proposed in this project will hopefijlly bring about concrete 

innovations to Paleolithic studies in China that can be applied widely to other research 

issues dealing with the Pleistocene epoch. 

Outline and Methodology of this Study 

This study can be divided into four integrated parts. The first section (Chapters 1-3) 

provides a historical background to this research and geological, chronological and 

paleoenvironmental information for this site. Chapter 2 will study the geology, 

stratigraphy, and chronology of Locality 15. Chronological research will include both 

relative dating, such as biostratigraphic inferences and comparison, and absolute age 

analyses, mainly uranium-series and electron spin resonance (ESR) dating. Discussion of 
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paleoenvironmental reconstruction in North China in general and at Locality 15 in 

particular is the major focus of Chapter 3. Faunal analysis, palynological study and 

correlation between the loess-paleosol sequence and the marine oxygen isotope record will 

be discussed. 

The second part (Chapters 4-7) deals with specialized topics of lithic analysis. 

Chapter 4 provides a general background for the theoretical and methodological 

framework for lithic study in China, and a discussion of the methodology of lithic analysis 

employed in this project. Chapter 5 deals with core reduction technology at Locality 15. 

Core and flake variability and different reduction strategies will be analyzed. Chapter 6 

studies the retouched tools, including typology and retouch technology. Various 

statistical analyses will be employed to assess the variability in retouch technology and 

stylistic-dimensional features of the specimens. An analysis of lithic raw material economy 

is the main topic of Chapter 7. The materials used by different artifact classes, the 

availability and quality of those lithic materials, and the intensity of raw material 

exploitation at the site will be examined; various models developed in the West that 

address the relationship between raw material procurement or exploitation and raw 

material availability, prehistoric mobility or land use patterns, strategies of technological 

provisioning, will be applied to determine the nature of raw material economy at the site 

and the function of the site. 

A comparative study of Zhoukoudian Localities 15 and 1 and other major 

Paleolithic industries will be carried out in the third part of this dissertation (Chapters 8). 

Typological, technological, stylistic, statistical, as well as raw material comparisons 
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between Localities 1S and 1 will be undertaken to test the hypothesis that the occupants of 

Locality 15 were the direct descendants of Sinanthropus. The application of the three-

stage system in the Chinese Paleolithic, especially the definition of the "Chinese Middle 

Paleolithic", in which Locality 15 has been cited as its forerunner, will be critically 

examined, and as a result, a new scheme for summarizing the development of Paleolithic 

sequences in China will be proposed. In addition, the current model of two Paleolithic 

cultural traditions in North China will be evaluated based on new studies. 

The fourth part (Chapter 9) provides a discussion and conclusion. Here, I will 

summarize my research findings, discuss their meaning and implications, and make 

suggestions for future research at Zhoukoudian Locality 15. 
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CHAPTER 2 
GEOLOGY, STRATIGRAPHY, AND CHRONOLOGY 

2.1 GEOLOGY 

Geological study for Locality 15 itself has hardly been done in the past. 

Nevertheless, since Locality 15 is one of several localities situated within a cave complex 

on the Dragon Bone Hill, it shares general geological features with other localities. In the 

course of more than a century, numerous geological surveys have been conducted at 

Zhoukoudian, especially at Locality I, and abundant information about this cave 

complex's geological conditions, structures, and formation processes have been 

accumulated. Therefore, the presentation of geological conditions for Locality 15 in this 

section will be conducted as part of a general discussion of geological studies at the 

Zhoukoudian site as a whole. 

Research History at Zhoukoudian 

Geological study at Zhoukoudian predates paleoanthropological research by about 

half a century. During the late 1860s intensive survey and geological reconstruction were 

conducted at the Xishan by Richthofen (Yih 1920). By 1923, with the discovery of the 

paleontological significance of the Zhoukoudian deposits, Andersson started to pay special 

attention to the Dragon Bone Hill, trying to place the main deposits of the Zhoukoudian 

site into a regional context. Based on Zdansky's (1923) observations, an initial series of 

eight stratigraphic layers was defined at Locality 1. Later, Teilhard de Chardin and Young 

(1929) added two more layers to the depositional sequence at Zhoukoudian. They also 
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divided the main deposits at the site into three distinct phases: 1) the upper breccia zone; 

2) the sandy phrase; and 3) the lower breccia zone. 

Geological and stratigraphic study continued to be an important part of the 

Zhoukoudian investigations, and more details have been added to the depositional 

sequence. In 1959, Jia published a new section profile of the excavation at Locality 1, in 

which three more levels were added (Jia 1959b). This 13 level division became the 

accepted description of the excavated section at the site and the basis for the study of 

Peking Man's cultural development (Pei and Zhang 1985: 18). In the late 1970s and early 

1980s, a test pit 10 meters deep was dug into the bottom of the excavation area at 

Locality 1 for geological purposes. Four more layers were detected, but no archaeological 

materials were recovered from these new horizons. 

The most recent comprehensive geological study of the Zhoukoudian complex was 

carried out during the IVPP's multi-disciplinary research project in the late 1970s and 

early 1980s. These included the study of the late Cenozoic strata (Yang et al. 1985), 

vegetation and climatic changes (Kong et al. 1985), the development of the Zhoukoudian 

caves (Ren et al. 1985), and sedimentary environments and hydrogeology (Xie et al. 

1985). 

General Geological Features of the Zhoukoudian Complex 

The site of Zhoukoudian is situated at the southwestern foot of the Xishan (Western 

Hills), part of the larger northeast-southwesterly running Taihang Mountains. The 

Zhoukou River (or the Ba-Er River), now an intermitted stream running along the eastern 
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side of the hill, probably formed during the Lower Pleistocene (Xie et al. 1985). The river 

is believed to be an important resource to hominids at Zhoukoudian (Pei and Zhang 1985). 

The Western Hills themselves are considered to be the eastern margin of a deeply 

dissected late Mesozoic platform. They are composed mainly of Sinian quartzite, Sinian 

and Ordovician limestone. Carboniferous slate, and Triassic and Jurassic sandstone. The 

massive area is generally peneplained, attaining altitudes of up to 1,000 meters above sea 

level (Black et al. 1933). 

Longgushan (Dragon Bone Hill), with a summit of 145 m above the sea level or 90 

m above the current Zhoukou River, is composed largely of Ordovician limestone, 

intermixed with dolomite and marble. The general strike of the strata is north-west-west, 

and the direction of dip is north-north-east, with dip angle of 30-40°. A total of six groups 

of shear fracture-structures were detected within the cavern-bearing zone, with the angle 

of inclination between 75-80° (Ren et al. 1985: 156-157). It was within this limestone 

mountain body and these fracture structures that caves and fissures developed and 

eventually filled with red clays and other sediments (Pei 1934d). These caves and fissures 

that yielded hominid fossils, artifacts and/or faunal remains have become the numbered 

Zhoukoudian localities. 

Formation and Structure of the Site 

Throughout the history of the Zhoukoudian investigations numerous attempts have 

been made to establish the formation processes of these limestone fissures and cavities on 



56 

Longgushan (Teilhard de Chardin and Young 1929; Black et al. 1933; Teilhard de 

Chardin 1941; Movius 1944, 1948;). 

Locality 1 is the most thoroughly studied site within the Zhoukoudian complex, and 

a five-stage history of cave development and hominid occupation has been proposed (Ren 

et al. 1985; 182-184). The New Cave, or Locality 4, though potentially ideal for 

habitation, was not occupied until the late Middle Pleistocene, probably because a deep 

and wide fissure in fi-ont of the opening appears to have prevented hominids fi-om entering 

the cave (Ren et al. 1985). Hominids moved in eventually after the fissure was filled in, 

but they were forced to leave soon after the opening was blocked up, leaving only a thin 

ash layer there. 

The Upper Cave, located just meters fi^om Locality 1, was not chosen as a new 

home base when hominids moved out of Localities 1 and 4, probably because there was no 

opening and was therefore not accessible at the time. Human occupation in this cave 

occurred much later, perhaps beginning around 32,000 BP (Chen et al. 1992). 

The cave formation at Locality 15 and the duration of hominid occupation at the site 

are less clear. One reason is that the top of the cave was totally collapsed, making 

geological study of the site more difficult. Another reason is that the site has only been 

partially investigated, and many details are still yet to be reconstructed. 

The available evidence at the site leads researchers to believe that Locality 15 was 

originally a horizontal cave (Ren et al. 1985: 163). The west wall is still standing almost 

perpendicular to the ground. Only the southwestern comer of the south wall remains and 

it forms a right angle with the west wall. The east wall is long gone, probably removed by 
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limestone quarrying. Jia (1936) believed that the original cave was opened to the east, 

which is difficult to verify at the moment. The northern area of the cave has yet to be 

excavated. A karst fracture can be detected on the south wall, a clue that a fissure 

probably developed through a shear joint passing through the middle of the roof, thus 

causing the top of the cave to be very unstable and eventually to collapse (Ren et al. 1985: 

163). 

Relationship between Localities 1, 4 and 15: A Geological Perspective 

Jia and Huang (1984:80-81) suggested that a giant underground cave within 

Longgushan existed, with Localities 1, 4 and 15 representing parts of it. They referred to 

lithologic similarities between the exposed sections at Locality 1 (Layers 1-3) and Locality 

15 as the major evidence. Another piece of evidence cited by Jia to support his hypothesis 

is that there is a similar layer of limestone rubble at both Localities 1 and 15. It appears 

underneath Layer 3 at Locality I and at the bottom of the excavated section at Locality 

15. Jia further proposed that the limestone rubble was the result of cave roof collapsing, 

probably caused by a powerful earthquake. 

Jia's hypothesis needs to be tested with other evidence. Perhaps it is reasonable to 

believe that Localities 15 and 4 are situated within a single cave. These two localities are 

just meters apart; an unexplored fissure within the New Cave extends in the direction of 

Locality 15, a clue that these two sites might be connected underneath. The connection 

between Locality 1, Locality 15 and the New Cave is problematic. From a geological 

point of view, the major obstacle for these three localities to be placed within a single cave 

is that Locality 1 has been classified as a vertical-type cave, while Localities 4 and 15 are 
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characterized as horizontal-type caves (Ren et al. 1985), suggesting that Locality 1 and 

Localities 4 and 15 represent different geological structures. 

2.2 STRATIGRAPHY 

The stratigraphy at Locality 15 has never been fully investigated. Because 

excavations at the site reached a depth of only four meters underneath the lime kiln wastes 

and its section has always been compared to that of Locality 1, it is appropriate to present 

the well-established stratigraphy of Locality 1 first. 

The Stratigraphy of Locality 1 

According to Jia (1959b), the depositional sequence at Locality 1 can be described 

as the follows (from top to bottom. Figure 3): 

Layers 1 and 2: Often referred to as the Upper Breccia and Upper Travertine layers. 

Coarse breccia deposits with several lenses of sands, clay and strongly consolidated 

stalagmite blocks. Few animal fossils and artifacts encountered. About 4 m in thickness. 

Jia's version of Layers 1 and 2 were based largely on the description by Black et al. 

(1933). A slightly different account of these two levels was presented by Teilhard de 

Chardin and Young (1929). They described Layer 1 as a yellowish cemented earthy 

deposit with small limestone fragments and a few broken animal fossils present, partially 

covered by limekiln waste and other historical deposits. The thickness is about 1.2 m. 

Layer 2 was described as a layer of light-gray slightly consolidated sandy clay with 

micromammal fossils, 1.75 m thick. 

Laver 3: Coarse breccia deposits. Large angular limestone blocks in the lower part 

of this layer are believed to be part of the collapsed roof of the original cave. Ash heaps 
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are scattered on the surface of those blocks. Large quantities of stone artifacts, 

mammalian fossil fragments, and a few hominid fossils were collected from this layer. The 

level is about 4 m in thickness. 

Layer 4: The so-called Upper Cultural Level. A thick horizon of soft ash with red, 

yellow, brown , and black burned sandy clay and other burned items. The layer is rich in 

micro-fauna and artifacts. Thicker at the western portion and thinner at the eastern part. 

About 6 m thick in average. 

Layer 5: Consolidated black and gray clay matrix. Stalagmitic crust formed at the 

bottom. Few hominid fossils and artifacts were collected. About 1 m in thickness. 

Layer 6: Well-cemented breccia level containing hominid fossils, artifacts, animal 

bones and ash. Less consolidated at the bottom. Thickness varies from 5 to 8 m. 

Layer 7: Gray and partly cross-bedded loose sands. Thickness thinning out toward 

east section and eventually disappearing in the Gezitang. Containing rich, well preserved 

mammalian fossils. Thickness averages 2 m. 

Layers 8 and 9: The so-called Lower Cultural Level. Coarse breccia mingled with 

several thin ash lenses. Some fossils of H. erectus, including three skulls, numerous faunal 

remains and artifacts were found from this stratum. About 6 m in thickness. 

Layer 10: Red clay deposits with slightly brecciated limestone blocks. A thin layer 

of ash occurs at the bottom of it. Few fossil materials and artifacts were encountered. 

Thickness 2 m. 

Layer 11: Reddish breccia containing some mammalian fossils and few artifacts. 

Thickness 2 m. 
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Layer 12: Reddish sandy deposit yielding some mammalian bones and teeth. It was 

originally described as the lower part of Layer 11 (Black et al. 1933: 18). About 2 m in 

thickness. 

Layer 13: Sandy clay with lenses of coarse sand. Rich in Hyaena coprolites remains 

at top and large limestone blocks at bottom. Thickness 2 m. 

Since 1929 researchers have proposed several scenarios to condense these 

geological layers into cultural or geological groups (Teilhard de Chardin and Young 1929; 

Teilhard and Pei 1932; Pei 1955; Jia 1959b; Huang 1960; Kahlke and Zhou 1961; Yang et 

al. 1979; Pei and Zhang 1985). Although there are many differences in the details of the 

grouping, it is commonly agreed that the top three layers are very similar both geologically 

and culturally and thus should be considered as one horizon. It is also commonly accepted 

that Layer 3 represents the collapsed roof of the original cave, and Layers 2 and I were 

formed subsequently in a relatively open-air or rockshelter environment, a situation similar 

to that of Locality 15 (Jia 1936; Jia and Huang 1984; Pei 1939d ). 

The Stratigraphy of Locality 15 

The first description of the stratigraphy of Locality 15 was presented by Jia (1936: 

108-109) in which the excavated section was divided into four layers (from top to 

bottom): 

Layer 1: well-cemented yellowish loam, occasionally containing angular limestone 

blocks, inclined to the northeast. Numerous stone artifacts and some animal fossils were 

unearthed. About 2.5 m in thickness. 
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Layer 2: strongly consolidated gray-black limestone breccia with ash and clay, 

thickest in the south (3 meters), thinning out toward north and eventually disappearing. 

Intermittently soft and black ash heaps scattered on the surface of the breccia are present, 

associated with quartz fragments and flakes, burned bone fragments, and plant seeds. Jia 

suspected that the ash and burned items were washed into the cave rather than 

representing the remains of in situ burning. 

Layer 3: a large limestone rock in the middle of the excavation area. Its exposed 

portion measures 9.5 m in length. It is believed to be part of the original collapsed roof 

Layer 4: the bottom of the exposed deposit was a layer of reddish earth with many 

limestone blocks. A large quantity of micromammal bones and very fragmentary 

macromammal fossils, as well as a few artifacts were recovered. The thickness of this 

layer is unknown. 

The first stratigraphic profile was presented by Pei (1939d;150). Pei's description 

of the section was very brief and simple. He divided the deposit into two layers; The top 

level consists of yellowish loam, full of white calcified tubes and concretions; strongly 

weathered limestone fragments occurs occasionally and are slightly cemented together. 

The lower part of the sediments consists of strongly consolidated reddish loam, angular 

limestone fragments, broken bones and stone implements. 

Judging from the above descriptions, Pei's "Top Level" equates to Jia's "Layer 1," 

and Pei's "Lower Part" is the combination of Jia's "Levels 2 and 4." Pei seems to suggest 

that these levels could be subdivided when he states that "ashes, Celtis seeds, and burnt 

bones are encountered in several layers in the middle part of the deposits" (Pei 1939d; 
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149). However, Pei believes that "stone implements have been collected from parts 

through all of the sediments and we could not detect any differences between the artifacts 

found from different layers. Consequently, it seems that a subdivision of the layers into 

different cultural zones is unnecessary" (Pei 1939d; 149). 

In the fall of 1997, as part of this study, the north section of Locality 15 (the only 

remaining section at the site) was cleared. A test excavation (1 X 1 X 1.5 m) was 

undertaken at the bottom of the original excavated area; and the stratigraphy was redrawn 

(Figure 4). The newly observed deposition sequence is presented here (from top to 

bottom): 

Laver 1: gray-white and gray-black slightly consolidated lime kiln wastes, mingled 

with sand, clay and limestone pebbles. Three lenses of gravel were encountered within 

this layer. About 4 m thick. 

Laver 2: yellowish well-cemented sandy clay with small pebbles and angular 

limestone blocks. Some of the rocks are weathered. Vertebrate fossils are present in this 

layer. About 1.75 m in thickness. 

Laver 3: gray-black limestone breccia filled with sand and clay, strongly 

consolidated. Limestone blocks measured up to 75 cm in length. Thicker toward the east. 

Thickness averages 1.25 m. 

Laver 4: reddish soft sandy clay with occasional angular limestone. Many animal 

bone fragments encountered during test excavation. The test pit reached 75 cm deep in 

this level. Total thickness unknown. 
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The new observation largely confirmed Jia's description for the stratigraphy of 

Locality 15. However, it should be noted that: 

• Jia did not include the surface layer, the lime kiln waste, in the deposit, probably 

because it was formed very late and irrelevant to the Pleistocene events. It was included 

in the sequence here in order to make the stratigraphy more complete. 

• The internal depositional variation at this locality is obvious. These ash heaps on 

top of the breccia layer recorded by Jia were not detectable during the new investigation, 

and the large limestone rock (Layer 3 in Jia's sequence) was gone. 

• All strata dip toward the east, possibly indicating that post-depositional ground 

movements occurred. 

Based on earlier studies and new observation, it is reasonable to believe that lithic 

artifacts and animal fossils came mainly from Layer 2 at the site. Layer 1 consists of lime 

kiln waste and was removed before real excavation began. Layer 3 is composed of large 

limestone rocks, possibly the remains of the collapsed cave roof It was probably formed 

in a short period of time that might be too dangerous for hominids to stay. In Jia's 1936 

report, it was not made clear if artifacts and fossils were collected from this level. The 

original excavations reached only the top part of Layer 4. According to Jia's report, lithic 

artifacts were rarely encountered in this level. Therefore, there should be few, if any, 

artifacts in the collection from Layer 4. 

Relationship Between Locality 1 and Locality 15: A Stratigraphic Perspective 

The Locality 15 stratigraphy resembles the top three layers of Locality 1 a great 

deal, especially when Teilhard de Chardin and Young's (1929) account for Layers 1 and 2 
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is accepted. More remarkable is the similarity between Layer 3 of both localities in that, 

both consist of large angular limestone blocks and, in both cases ash heaps were observed 

scattered on top of them. Are they truly the same depositional layers recovered from 

different spots within a huge cave, or is the resemblance merely a coincidence? Right now 

it is an open question until chronological and cultural comparisons are made of these two 

localities. 

2.3 CHRONOLOGY 

Since excavations began in 1935 chronology has been a major concern of 

archaeological research at Locality 15. Ironically, over the course of more than half a 

century, chronological studies at Locality 15 have never focused on age determination for 

the locality itself, but rather on how it may fit into the sequence at Locality 1. Therefore, 

it is necessary to introduce the general dating framework at Zhoukoudian Locality 1 as a 

background for this study. 

Dating History at Zhoukoudian 

The Zhoukoudian formation was initially placed in the Upper Pliocene by Andersson 

(1923) based on biostratigraphy (such as the presence of Megalocerus pachyosteus and 

primitive forms of Eqttus). Later, on the basis that Hipparion, an index fossil for the 

Pliocene, had not been encountered at Zhoukoudian, Teilhard de Chardin and Young 

(1929) proposed that the Zhoukoudian formation should be considered the Lower 

Pleistocene rather than the Upper Pliocene. This proposition was adopted by most 

researchers publishing on this subject during the 1930s (Osbom 1931; Black et al. 1933; 
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Pei 1931b, 1939e). It should be noted that up to the 1940s the Pleistocene epoch itself 

was generally accepted to be no older than 600,000 years BP (de Terra 1940). 

Efforts at correlating the European four-glacial sequence to the East Asian 

Paleolithic record also played an important role in the dating of Zhoukoudian. As early as 

1939, Pei (1939e) tried to tie the Chinese Paleolithic record to the Alpine Gunz-Mindel-

Riss-Wurm glacial sequence. Based on this correlation, Pei placed Zhoukoudian 

Localities 13 and 1 in the Lower Pleistocene, Localities 3 and 15 in the Middle 

Pleistocene, and the Upper Cave in the Upper Pleistocene. 

The Zhoukoudian formation was eventually moved to the Middle Pleistocene as the 

result of more biostratigraphic studies and the redefinition of the boundary between the 

Lower and Middle Pleistocene (Teilhard de Chardin 1941; Pei 1955; Zhou 1955). A 

Middle Pleistocene age for the Zhoukoudian formation is further supported by other 

relative dating techniques, such as the correlation between North China's loess-paleosol 

sequence and deep sea oxygen records (Liu and Ding 1984). 

The first chronometric dating technique applied at Zhoukoudian is palaeomagnetism 

(Liu et al. 1977). The late 1970s and 1980s witnesses a tremendous increase in the 

number of absolute dates derived at Zhoukoudian. Almost all major chronometric dating 

methods have been applied to the study of the Zhoukoudian complex, and numerous 

papers have been published on this topic. The dating results are summarized in Table 1. 

This table clearly illustrates that the Zhoukoudian site has been extensively and 

systematically dated. The table also shows that discrepancies occur between different 

techniques and different labs on the dating results. The application and development of 
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Table 1 Summary of Chronometric Studies at Zhoukoudian 
Layer Method Age(kya) Sample Source 
1-2 ESR 221 Travertine Huang a/. 1991 
1-2 US 420 Travertine Shen and Jin 1991 
1-3 US 230 Dentine Zhao e/a/. 1980 
1-3 US 256 Antler ZhdLoetal. 1980 
1-3 US 230 Bone Xia 1982 
1-3 US 290-220 Antler Chen & Yuan 1988 
1-3 US 290-220 Antler Yuan et al. 1986 
2 US 270 Bone Yuan era/. 1991 
3 AAR 370 Bone Li & Lin 1979 
3 US 260 Carbonate Zhao e/a/. 1985 
3-4 ESR 282 Teeth Huang era/. 1991 
3-4 AAR 410 Teeth Wang era/. 1986 
3-4 AAR 200 Bone Zhou 1989 
4 US 300 Teeth Yuan era/. 1991 
4 TL 300 Quartz Pei & Sun 1979 
4 TL 310-290 ? Pei 1985 
4 FT 29.9 Ash Guo era/. 1991 
6-7 US 350 Bone Xia 1982 
7 PM 380 Soils Qianera/. 1980 
7 PM 400-370 Soils Qianera/. 1985 
8 AAR 400 Dentine Bada 1987 
8-9 US >400 Bone Xia 1982 
8-9 AAR 390 Bone Li & Lin 1979 
8-9 ESR 418 Teeth Huang era/. 1991 
8-9 US 420 Dentine Zhao era/. 1980 
10 FT 462 Aspidelite Guo et al. 1980 
10 TL 610 Quartz Pei & Sun 1979 
10 TL 520 Cal. Soil Pei 1980 
10 FT 462 ? Guo era/. 1980 
10 FT 462 ? Liu era/. 1985 
10 TL 592-417 7 Pei 1985 
10- 1 1  AR 50 Dentine Bada 1987 
11 ESR 578 Teeth Huang era/. 1991 
11 AAR 460 Teeth Li and Lin 1979 
12 US 310-320 Teeth Zhao era/. 1985 
12 US >500 Bone Xia 1982 
12 ESR 669 Bone Huang era/. 1991 
13 PM <690 Soils Liu era/. 1977 
11-13 PM <730 Soils Qianera/. 1985 
14-17 PM >690 Soils Qianera/ 1985 
3 US 171-122 Teeth Chen era/. 1984 
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4 4 US 160-110 Teeth Chen e/a/. 1984 
4 6-7 US 175-135 Teeth Chen & Yuan 1988 
4 6-7 us 171-156 Teeth Chen e/a/. 1984 
4 7 us 161-124 Teeth Chsnetal. 1984 
4 Caliche us 200 stalactite Zhao & Liu 1991 
4 bottom TL 257 ? Pei 1985 
4 9 AAR 390 Bone Wang e/a/. 1986 
4 C-14 >40 Charcoal Uetal. 1985 
Up. Cave TL 50-32.5 Soils Pei 1985 
Up. Cave us 20 Teeth Yuan e/a/. 1991 
Up. Cave US 21-19 ? Chen & Yuan 1988 
Up. Cave US 23-18 ? Chenetal. 1984 
Up. Cave MAS 32-24 ? Chen e/a/. 1992 
Up. Cave •4C 18,865 Bone C.A.S.S. 1977 
Up. Cave 14C 18, 340 Bone Uetal. 1985 
Up. Cave •^C 10, 470 Bone Uetal. 1985 
Up. Cave 10, 770 Bone C.A.S.S. 1980 

AAR: amino-acid racemization; MAS: mass accelerator spectrum ; ESR; electron 
spin resonance; FT: fission track; PM: palaeomagnetism; TL: thermoluminescent; US: 
uranium series. 

some chronometric techniques in China are still in the initial stage, and the use of some 

methods is constrained or problematic because of the lack of volcanic material from 

Pleistocene deposits. Nonetheless, the various absolute dates basically confirmed the 

chronological framework built on biostratigraphic correlations at Zhoukoudian and, for 

the first time, established a relatively reliable time span for hominid occupation at the site. 

Biostratigraphic Dating at Locality IS 

A partial faunal list for Locality 15 was published by Pei in 1939 (1939d: 151-158) 

and was immediately compared to the Locality 1 assemblage. Based on such 

comparisons, Pei pointed out that there were some remarkable differences between these 

two faunal assemblages; 
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a) Several important taxa characteristic of Locality 1 are absent from Locality 1S 

(e.g.. Hyaena, Ursus, Machairodus, Trogontherium, Rhinoceros mercki, Spirocerus, and 

Bitbaliis). 

b) The typical Euryceros pachyosteus (thick-jawed deer), so abundant at Locality 1, 

is rare at Locality 15 and replaced by a form with relatively slender jaw, similar to that 

from Locality 3. 

c) There are a few taxa present at Locality 15 but absent at Locality 1, such as 

Dipus, Gazella cf przewalskyi, and Elaphns. 

Pei believed that the different taxonomic compositions between these two 

assemblages might in part be explained by "accidental reasons" (Pei 1939d:l84), such as 

the condition of the cave and recovery procedures. However, the absence of Rhinoceros 

mercki (in spite of the presence of R. tichorhimis), the scarcity of the true Euryceros 

pachyosteus (or Megaloceros pachyosteus), the possible presence of Elaphus deer 

(Cervus canadensis) at Locality 15, all convincingly indicate that although Localities 15 

and 1 belong to the same general geological stage, the former is "distinctly younger, and 

approximately contemporary to Locality 3" (Pei 1939d:184). Pei (1936b) had already 

proposed that Localities 3 and 4 were simultaneous and accordingly, Localities 15 and 4 

were found to be coeval. 

Pei's reasoning on the relative chronological positions among these Zhoukoudian 

localities enjoyed wide support from other researchers in China. For instance, Jia (1960) 

pointed out that the absence of Machairodus and Rhinoceros mercki at Locality 15 which 

were commonly found at Locality 1, and the presence of Croatia crocuta ultima at 
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Locality 15 which is absent from Locality 1, indicate that Locality 15 was younger than 

Locality 1. However, Jia (1960; Jia and Huang 1984, 1990) also suggested that some 

species, such as Euryceros pachyosteus and Cervus elaphus, occurred both at Locality 15 

and the upper horizons of Locality 1, and that Locality 15 should be contemporary with 

the upper horizons of Locality 1. 

In another paper published in 1939, Pei (1939e) placed Locality 1 in the Lower 

Pleistocene and Locality 15 in the Middle Pleistocene based on comparisons between the 

European and Chinese geological and paleoclimatic records. Movius (1944) however, 

moved the Zhoukoudian formation forward from the Lower Pleistocene to the Middle 

Pleistocene and, consequently changed the geochronological position of locality 15 from 

the Middle Pleistocene to the Upper Pleistocene. Pei (1948) later showed his uncertainty 

about the geochronological position of Locality 15. On the one hand he insisted that both 

Localities 15 and 4 were considerably younger than Locality I, and perhaps that Locality 4 

was Middle Pleistocene in age. On the other hand he moved locality 15 back to the Lower 

Pleistocene. Since then. Locality 15 has been placed back and forth between the Lower, 

Middle and Upper Pleistocene (Pei 1955, 1960; Jia 1960; Jia et al 1962; Qiu 1985, 1989; 

Zhang 1985, 1987). Since the mid-1980s, an "early Upper Pleistocene" age for the site 

has been determined. 

It is clear that biostratigraphic dates for Locality 15 are quite ambiguous, so too its 

cultural position in the Chinese Paleolithic cultural traditions as a result. For a long time 

the Locality 15 industry had been placed in the Lower Paleolithic in China (Pei 1937, 

1955; Jia 1960; Jia et al. 1962; Jia and Wang 1978). However, beginning in 1985, 
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promoted by Qiu (1985, 1989) and Zhang (1985, 1987), the Locality 15 industry was 

replaced in the Middle Paleolithic in China, and since then it has been regarded as a icey 

representative of the Chinese Middle Paleolithic cultures. 

The above review clearly demonstrates that geochronological studies at 

Zhoukoudian Locality 15 have had a long and windy history. The frequent shifts of the 

site's chronological and cultural positions are not based on new data or new research, but 

rather are the results of different interpretations of old collections. 

Absolute Dating at Locality 15 

A few horse teeth were obtained during the reorganization of Locality 15 collections 

in 1997. More horse teeth within a big chunk of well-cemented sediment were obtained 

during the section clearing. These teeth and sediment samples were taken to the 

Chronological Research Lab in the Department of Archaeology at Beijing University, one 

of the best research labs in this field in China, to be chronometric dated by suitable 

methods. 

Table 2 Summary of Absolute Dates for Locality 15 
Sample No. * 230Th/234U 235Pa/230Th ESR Age (kya) Conclusions 
Equine Teeth 1 5 7  +  6 - 4  ** 

Equine Teeth 2 5 1  +  4 - 3  1 1 5 + 4 2 - 3 0  >  1 1 5  
Loc.15 37:134 238 + 48 -34 ** EU 107 ± 16; LU 124 ± 20 
Loc.15 35:93 172 + 20-17 1 4 1 + 2 2 - 1 8  < 141 
Loc.15 36:53 8 5  +  6 . 3 - 5 . 9  1 1 3  +  3 2 - 2 4  >  1 1 3  
Loc.15 35:101 128 + 9.3 - 8.5 1 1 1 + 2 1  -  1 7  =  1 1 1  
Loc.15 D50-7 188 + 40-28 ** E U  1 1 0 ±  1 7 ;  L U  1 3 6  ±  2 2  

* Teeth 1 and 2 are among the newly discovered samples, while the others are firom old 
collections with the original series numbers. **Uranium content too low to yield valuable 
results. 

This far seven samples have been analyzed. All of them have been dated by the 

uranium-series method. Among them, four samples have been successfully dated by both 
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the 230Th/234U and 235 Pa/230Th methods. Two samples have been dated by both the 

uranium series and electron spin resonance methods. The dating results are presented in 

Table 2. 

The chronometric study at Locality 15 has not been a total success so far. Due to 

low uranium contents of some samples, the Lab admitted that there were larger errors in 

the U-series dates than expected. The Lab also stated that the ESR dates should not been 

considered final resuhs as the uranium content in the enamel was very low and could not 

be measured accurately. However, experts from the Lab believe that based on the current 

result it should be reasonably confident to place the artifact-bearing layers at the site in a 

time span between 140,000-110,000 BP (Chen Tiemei, personal communications, 1998). 

The Lab will continue to work on the rest of the sample, probably using other techniques, 

in order to get more satisfying and reliable results. 

Relationship between Localities 1, 4 and 15: A Chronological Perspective 

As it has been made clear earlier, the dates of the Locality 1 upper horizons and that 

of Locality 4 are equally essential to this research. Based on Tables 1 and 2: I) three 

chronometric methods (uranium-series, amino acid racemization, and electron spin 

resonance) have been applied to the dating of Layers 1-3 at Locality 1; 2) four techniques 

(uranium series, amino acid racemization, thermoluminescence, and carbon 14) have been 

applied to the study of Locality 4 chronology; and 3) two methods. Uranium-series and 

electron spin resonance, have been used to date locality 15. In order to compare the 

absolute dates from these three sites more appropriately, only the U-series resuhs are 

utilized and only the dates provided by the Beijing University Lab are considered. The 
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reasoning behind this is three-fold. First, in all three localities, U-series is the principal 

method that provided most of the dates. Second, the Beijing University Lab is the only lab 

that was involved in dating all three localities. Third, using dates for all three sites 

obtained by a single dating technique and research lab has the advantage of eliminating 

unnecessary variations due to different dating methods and different labs with variable 

standards and conditions. 

The time span of hominid occupation at Layers 1-3 of the Locality 1 has been 

established to be between 290-230 kya by the Beijing University lab using U-series 

method (Chen et al. 1984; Yuan et al. 1991). Dates derived for Locality 4 by the same 

lab using the same method fall into the interval between 170-120 kya (Chen et al. 1984; 

Chen and Yuan 1988). If we accept 140-110 kya as a reliable time span for Locality 15, 

then it may be assumed that hominid occupations at Localities 4 and 15 overlapped some. 

Accordingly, the possibility that these two localities were parts of a single cave cannot be 

excluded. The relationship between localities 4 and 15 and Locality 1 should be different. 

A chronological gap of at least 60,000 years exists between the Locality 1 upper levels 

and the artifact-bearing layers at Localities 4 and 15. Therefore, the chance of these three 

localities belonging to one large cave appears remote on both biostratigraphic and 

chronological grounds. 
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CHAPTER 3 
PALEOEIWIRONMENTAL RECONSTRUCTION 

3.1 PALEOENVIRONMENTAL RECONSTRUCTION IN NORTH CHINA 

Paleolithic archeology in China was initiated by paleontologists and geologists and 

as a result, paleoenvironmental research was included from the very beginning. However, 

for most projects, artifact classification, description and cultural comparison dominated 

the research, particularly between 1950s and 1970s. 

The past two decades have witnessed a renewed emphasis on paleoenvironmental 

reconstruction as part of the eflfort of addressing past human adaptations, as evidenced by 

numerous publications devoted mainly to this topic (e.g., Xu and Guyang 1982; Xu and 

You 1982; Chen 1983; Liu 1983; Liu and Ding 1984; Xie et al. 1985; Kong et al. 1985; 

Lin 1989; Han and Xu 1989; Qi 1989, 1990; Xu et al. 1997;). Three factors may have 

attributed to the shift in research focus. One is the stimulation from the multi-disciplinary 

study at Zhoukoudian, in which paleoenvironmental reconstruction played a key role. The 

second is external influence, particularly the New Archeology, in which the study of the 

paleoenvironment is an essential part of the agenda for studying past human behavior and 

the adaptive system. The third is that the pace of discovery of new Paleolithic sites has 

slowed down somewhat over the past two decades, allowing researchers to digest their 

accumulated data more adequately. 

Paleoenvironmental changes are closely associated with major geologic events. 

During the Pleistocene, the geological process that had the greatest effect on the 
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paleoclimate and environmental changes in China was the uplift of the Qinghai/Tibetan 

Plateau. Some of the major results of this event include the creation of three large 

topographic steps from west to east, the formation of three different climatic zones (e.g. 

the Eastern Monsoon Area, the Northwestern Arid Zone, and the Tibetan Frigid Region), 

and a climate that became cooler and drier in general (Zhao 1988; Qi 1990). These 

paleoenvironmental changes are believed to have had tremendous impacts on hominid 

evolution in China (Lin 1989). 

North China usually means the area north of the Qinling Mountains and the Huaihe 

River. The Qinling-Huaihe line has been commonly recognized as separating Northern 

and Southern China into two distinct climatic, environmental, floral and faunal zones (Pei 

1960b; Qi 1990). Most Paleolithic and faunal sites in North China are located in its 

central part, including the target site of this study, Zhoukoudian. Therefore, this 

discussion will focus mainly on the materials from central North China. 

Today central North China is situated in the Monsoon Area in the south and east 

and the Arid Zone in the north and west. Most of the region belongs to a mild and warm 

temperature zone. In the past twenty years, this region has been the center for 

paleoenvironmental research in China, including faunal analysis, the study of loess-

paleosol sequences, palynology, and the correlation and comparison with the deep-sea 

oxygen record. 

Faunal Analysis 

About 30 Quaternary mammalian assemblages associated with hominid fossils have 

been discovered in North China (Qi 1990), ranging from the Lower to the Upper 
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Pleistocene (A detailed list of these faunas can be found in Qi 1989; 312-337). Through 

analysis of the presence/absence and the ratio of climate-sensitive species in these faunal 

assemblages, and by studying the dietary preferences of some of these taxa, a rough 

paleoenvironmental framework has been established for this region. 

The Lower Pleistocene is believed to have been cooler than the Pliocene, with many 

climatic fluctuations occurring during this period (Qi 1989, 1990). The Nihewan fauna, 

the representative Lower Pleistocene mammalian assemblage in North China, is associated 

with a warm and moist environment, evidenced by the presence of some warm climate-

adapted taxa like Acinonyx (cheetah) and Palaeoloxodon ncmadicus. The earliest 

mammalian assemblage associated with hominid fossils is the Gongwangiing fauna, 

recovered from Lantian County, Shaanxi Province, dated to about 1.1-1.0 million years 

ago (Gao 1987). This assemblage includes many species typical of the southern Chinese 

Ailiiropoda—Stegodon fauna, such as Ailuropoda (giant panda), Stegodon, Tapirus, 

Megatapirus, and Nestoritherium. (Hu and Qi 1978). Some typical northern Chinese 

species (e.g.. Bison, Ursits arctos, Camelidae, Coelodonta\ are absent from the fauna. 

Another feature of this assemblage is that it is dominated by forest-dwelling taxa. All of 

this evidence taken together suggests an environment that was subtropical with a 

vegetation that was heavily forested (Qi 1989). 

The climate became cooler and drier in the late Lower Pleistocene, and these 

conditions lasted until the early Middle Pleistocene. The Chenjiawo fauna, dated to about 

0.65 million years BP (Ma et al. 1978; Gao 1987), is very different from the 

Gongwangiing assemblage, though the two sites are very close. Almost all of the warm 



76 

adapted animals that occurred at Gongwangling are absent from the Chenjiawo 

assemblage. Their vacant positions are filled with typical cooler adapted grassland taxa 

(Zhou and Ji 1965). 

Warmer conditions returned to North China during the middle and late Middle 

Pleistocene. The Zhoukoudian fauna, though witnessed some fluctuations between cooler 

and warmer climates (Xu and You 1982), is basically indicative of a warm-temperate 

environment (Qi 1990). Similar environmental conditions are also derived at other sites 

like Jinniushan, Gezidong, Dali, and Dingcun. 

Cold and dry environments returned toward the end of the Middle Pleistocene, and 

this trend continued into the Upper Pleistocene (Qi, 1989, 1990). The Xujiayao fauna, 

dated about 100-125 Kya (Chen et al. 1984), is evidence of a grassland environment. The 

majority of its components are cold-enduring species, such as Equus przewalskyi, and 

Gazella. Ungulates comprise more than 70% of the assemblage (Jia et al. 1979). The 

Salawusu (Sjara-osso-gol) fauna, the representative mammalian assemblage for North 

China's Upper Pleistocene, dates to 37-50 kya (Yuan et al. 1983) and reveals a cool and 

dry environment and grassy steppe. Rodents and ungulates constitute more than 80% of 

the assemblage (Qi 1989). 

Paleontological data has contributed greatly to our understanding of the Pleistocene 

environment in North China. However, information about the paleoclimate provided by 

faunal remains is inferential and circumstantial. Some of the representative fauna (e.g. the 

Nihewan and Zhoukoudian assemblages) were accumulated over a long period of geologic 

time (Qi 1989), and thus will be difficult to derive precise environmental information from 
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them for any particular period of time. Furthermore, the application of this approach 

should be restricted to limited geographic areas over a limited time frame, for some 

species are adapted to macroenvironments and thus cannot be used to address any 

particular climatic pattern. In this sense, some micromammalian taxa are more sensitive 

and more reliable indicators of local environments. Unfortunately, these microfauna have 

been largely neglected by many researchers in China. 

The Loess-Paleosol Study 

The thick loess deposit in North China is an unique Quaternary geological 

phenomenon and it is the primary means of initial climatic reconstruction in the region. 

The initial stage of loess study was centered on the mechanism of its formation. 

Most early hypotheses favored fluvial deposition as a means by which such deposits were 

accumulated. The works of Richthofen in the 1880s proposed a model of an eolian 

mechanism for the transport of loess (Richthofen 1882) and it has been commonly 

accepted. Another early assumption about the loess deposits is that it represented a dry 

climate (Yih 1920; Andersson 1923). 

We now know that the deposition of loess in North China is not a single geologic 

event and it was not formed in a homogenous environment. The most thoroughly studied 

loess section in China is the Luochuan profile located in Shaanxi Province. The section, 

measuring 138 m thick, can be divided into three units; the Lower Pleistocene Wucheng 

Loess, the Middle Pleistocene Lishi Loess and the Upper Pleistocene Malan Loess, 

covered by Holocene black loam. These three units are distinct in colors, associated 

faunal remains, paleosois and chemical elements (Liu and Ding 1984; Liu et al. 1985; Wen 
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et al. 1985; Qi 1989), revealing a continuous record of paleoclimatic changes over 2.4 

million years. 

The most obvious paleoclimatic indicators in the loess deposits are the horizontal 

paleosols formed during relatively warm and moist intervals. There are three paleosol 

layers in the Wucheng Loess, fourteen in the Lishi Loess and one on the top of the Malan 

Loess (Liu et al. 1985). The alternation of the loess and paleosols is a reflection of 

cool/dry and warm/moist climatic fluctuations (cycles). Thirteen such cycles can be 

detected in the Luochuan section (Liu and Yuan 1982). Based on these cycles, combined 

with their paleomagnetic and radiocarbon dates, a framework for Pleistocene 

environmental change in North China has been established (Figure 5). 

According to Liu et al. (1985), about 2.4 million years ago the climate changed 

dramatically to cold and dry, marked by the start of the Wucheng Loess deposition. 

Between around 1.87-1.67 Mya it became mild and warm, evidenced by the formation of 

paleosols within the Wucheng Loess. Two cold and dry periods occurred around 1.15 

Mya and 0.8 Mya respectively recorded by two sandy loess horizons at the lower part of 

the Lishi Loess. About 500 Kya a very favorable period occurred indicated by the 

appearance of paleosol horizons in the middle of the Lishi Loess. From 140 to 95 Kya 

North China experienced a warmer climate, signaled by paleosols at the upper section of 

the Lishi Loess. There are two cold periods (95-50 Kya and 30-10 Kya) and one warm 

period (50-30 Kya) during the Upper Pleistocene recorded by the Malan sequence. 
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Table 3 Quaternary Vegetation and Climate in North China 
Epoch Pollen Assemblages Vegetation Climate 
Q 4-3 Pinus. Betula, Artemisia, Chenopodiaceae. Forests and steppes Cool and dry 

Gramineae 
Q 4-2 Pinus, Quercus, Ulmus, Tilia, Artemisia, Conifer-broadleaf Warm and moist 

Chenopodiaceae. Gramineae forests and steppes 
Q 4-1 Pinus, Betula, Artemisia Chenopodiaceae. . Forests and steppes Cool and dry-mild 

Gramineae and moist 
Q3-3 Picea, Abies, Pinus, Artemisia Conifer forests and cool and moist-cool 

Chenopodiaceae. Compositae. Gramineae. steppes and dry 
Q 3-2 ? ? Warm ? 
Q3-1 Picea, Abies, Pinus, Artemisia 1 Cool? 

Chenopodiaceae. Gramineae ? 
Q 2-3 Pinus, Quercus, Ulmus, Tilia, Celtis, Conifer-broadleaf Warm-temperate 

Almus, Betula, Carpinus, Cupressaceae. forests and broadleaf and moist 
Pistasia, Symplocos forests 

Q 2-2 ? ? Cool? 
Q 2 - 1  Pinus, Quercus, Ulmus, Celtis, Conifer-broadleaf temperate and moist 

Broussonetia, Rosa forests 
Q I - 3  Picea, Abies Conifer forests Cool and moist 
Q 1-2 Ulmus, Celtis, Quercus, , Picea, Abies, Conifer-broadleaf and temperate-warm 

Pinus broadleaf forests and moist 
QM Picea, Abies, Pinus, Artemisia, Conifer forests and Cool moist-cool dr\-

Chenopodiaceae steppes 

Palynology 

Palynology is a relatively new approach in paleoenvironmental reconstruction in 

China. Nevertheless, its application in North China has furnished valuable information 

about the Pleistocene vegetation and environment. 

According to Zhou et al. (1984), major changes occurred to the Pleistocene 

vegetation in North China. In the Lower Pleistocene, there was still a certain proportion 

of subtropical species. However, the subtropical vegetation became scarcer in the Middle 

and Upper Pleistocene due to the impact of glaciation or severe cold climate. A detailed 
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reconstmction of the Quaternary vegetation and climate in North China is summarized in 

Table 3 (after Zhou 1984). 

Correlation with the Marine Oxygen Isotope Record 

Since the 1950s, the marine oxygen isotope record, in conjunction with 

paleomagnetic dating and other data, has helped scientists establish climatic fluctuation 

curves for the past one million years (Shacideton and Opdyke 1973). The record reveals 

that since the Middle Pleistocene there have been nineteen O'® stages (odd numbers 

indicate warm periods and even numbers represent cold periods), representing 8 complete 

cycles of fluctuating global glaciation and interglaciation during the past 0.73 million 

years. The deep sea core records provide an unique reference frame for the corresponding 

continental deposits and profoundly improved our understanding of the Pleistocene 

climatic sequence (Kukia 1978; Aigner 1986). 

The use of the marine oxygen isotope record as a reference to study paleoclimatic 

changes in China began in the early 1980s. Liu (with YuanI982, 1983), Xu and Ouyang 

(1982) were among the firsts to correlate the Zhoukoudian Locality 1 layers to O'® stages, 

but they somehow reached different conclusions. Xu and You (1982) extended the marine 

oxygen isotope record to other Pleistocene hominid sites in North China, including 

Gongwangling, Chenjiawo, and Dingcun. Paleoclimatic patterns for these sites were 

determined based on faunal records and then compared with the deep-sea climatic cycles. 

In these case studies, the marine record is used largely to support or confirm the existing 

conclusions on paleoenvironments at these sites, rather than generating new research or 

cross-checking the preexisting data and ideas. 
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The comparison between the deep sea cores and the well-studied central European 

loess sequence is the cornerstone for the marine/terrestrial correlation in paleoclimatic 

studies (Kukla 1977), and it is also the case in China. Upon its introduction to China, the 

marine record was immediately compared with the loess-paleosol sequence in Morth 

China, especially the Luochuan section (Liu and Yuan 1982). The paleomagnetic dates or 

events of the Luochuan loess profile were well established (Heller and Liu 1982). A total 

of eight and one-half climatic cycles have been detected fi-om the Luochuan section since 

the Brunhes normal epoch, indicating that the whole climatic fluctuation sequence since 

the Middle Pleistocene, recorded by the marine cores, is preserved in the Chinese Loess 

profiles (Liu and Ding 1984; Liu et al. 1985). The Luochuan Loess-marine climatic 

correspondence was then used as a reference with which major paleoanthropological sites 

in North China are compared, coordinated, and consolidated (Figure 5). 

3.2 PALEOENVmONMENTAL STUDIES AT ZHOUKOUDIAN 

Because of the unique position of Zhoukoudian in Quaternary and paleo

anthropological research in China, the site became the earliest target for 

paleoenvironmental reconstruction and all available research approaches have been applied 

to the site. 

Early paleoenvironmental studies at Zhoukoudian relied exclusively on the 

characteristics of the sedimentary layers of Locality 1 and the associated faunal remains 

(e.g. cold vs. warm taxa). The conclusion reached by the end of the 1920s was that the 

Zhoukoudian deposits were laid down during a mild and humid period (Teilhard de 

Chardin and Young 1929). This proposition was challenged later, and a glacial 
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association for the Zhoukoudian deposits was suggested (de Terra 1940; Teilhard de 

Chardin 1941). The early studies all assumed that the formation of the Zhoukoudian 

deposit was a homogeneous and continuous event, a position that was modified by 

Movius (1944, 1948) who saw two glacial and one interglacial cycles in the Locality 1 

profile. The publication of Xu's (1965) The climatic condition of Beijing during the time 

of Sinanthropus marks the end of the primary use of broad climatic inferences, based on 

large-scale regional climatic models, at Zhoukoudian (Croce 1995). Since then, many 

paleoenvironmental reconstruction techniques have been applied to the site. 

Fauna! Analysis 

As mentioned earlier, the Zhoukoudian formation was treated as a single 

depositional unit in early studies, and so was the Zhoukoudian fauna. As a result, a mixed 

and confusing environmental condition was often inferred for the site, ranging from warm 

to cold climates, and forest to steppe, even desert environments (e.g. Black et al. 1933; 

Zhou 1955). Zhou (1955; Kahlke and Zhou 1961) was among the firsts to realize that 

mammalian fossils from different layers at Zhoukoudian locality 1 may represent different 

climatic patterns. Jia (1978) is the first person to analyze the Zhoukoudian fauna by 

stratigraphic layers. According to Jia, only about 20% of the mammalian species are 

climate-sensitive and can be confidently assigned to certain layers. Those faunal remains 

indicate cold periods for Layers 11, 10, and 5, warm periods for Layers 7, 6, 4, and 3-1, 

and a mild period for Layers 9-8. After Jia, more systematic paleoclimatic analyses based 

on mammalian remains from different levels at Locality 1 have been carried out (Li and Ji 
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1981; Xu and Ouyang 1982; Zheng 1984; Hu 1985). Those research results can be 

summarized in Table 4. 

Table 4 Faunal Remains and Paleoenvironment at Locality 1 
Layer Jia 1978 L i &  J i  1 9 8 1  Xu & Ouyang 1982 Zheng 1984 
I warm mild and semiarid, stepp-forest warm and moist 
2 warm mild and semiarid, step-forest warm and moist 
3 warm mild and semiarid, stepp-forest warm and moist 
4 warm warm and semiarid, step-forest cool cool and dry-
5 cool/mild warm and moist, forest warm cool 
6 warm \varm and moist, forest. cool warm 
7 warm warm and moist, forest cool warm 
8 mild warm and moist, forest warm hot and moist 
9 mild warm and moist, forest warm warm and moist 
10 cool mild/warm, steppe-forest cool cool and drv 
11 cool mild/warm, steppe-forest cool cool and dry 

It is clear from Table 4 that considerable discrepancies occur in paleoenvironmental 

reconstruction by diflferent researchers. One reason is the selective manner in which 

animal remains were studied, in that individual researchers had access to only part of the 

collection, therefore the interpretation was inevitably biased. The discrepancy is also a 

clear indication of the limitation and weakness of using fossil faunal data alone as a means 

of inferring past ecological-environmental conditions. 

Faunal analyses at Zhoukoudian have overwhelmingly relied on mammalian 

assemblages. One exception is the work by Hou Lianhai. Hou (1993) conducted a 

systematic study on the skeletal remains of 122 species of bird from various Zhoukoudian 

localities, and concluded that the birds of the Lower Pleistocene were mainly mountain-

forest species, like Perdix dauuricae, Prossoptilon, and Aquila chrysaetos, indicating a 

cold climate. The Middle Pleistocene birds include various kinds, such as tropical 

meadow birds (e.g. Struthio\ oriental mountain-forest birds (e.g. Bambusicola), and many 
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hill-shrub and grassland species, representing a warm moist climate and a mountain forest-

steppe-grassland environment, a condition perhaps more suitable than the present time for 

hominid adaptation. Hou saw some climatic fluctuations during the Upper Pleistocene 

from the bird assemblages. In the early Upper Pleistocene, hill-shrub birds and grassland 

birds were dominant, indicating a cold and arid environment. During the late Upper 

Pleistocene, raptors increased and the bird assemblage became more diversified, indicating 

that more climatic fluctuations occurred in that period, between warm and cold and moist 

and dry. 

Pollen Analysis 

The first pollen analysis at Zhoukoudian was conducted by Kurten and Vasari 

(1960). One hundred and thirty two grains of pollen were detected from a block of 

sediment attached to a piece of thick-jawed deer fossil, revealing an environment "near the 

border zone of the northern coniferous belt and the temperate steppe belt" (Kurten and 

Vasari I960; 8). In the mid-1960s, more systematic palynological researches were carried 

out at the site by Xu (1965) and Sun (1965). 

Xu obtained 27 samples firom the profile, fi-om below 9.3 m to the current ground 

surface at one-meter intervals. The pollen sequence reveals three depositional phases; the 

lower (40-36 m, Layer 14?) Cold Stage, the Middle (36-20.5 m. Layers 11-9?) Warm 

Stage, and the Upper (20.5-9.3 m. Layers 8-3?) Warm Stage. Almost the entire span of 

Sinanthropus occupation at the site (layers 11-3) was placed in one interglacial period, 

with normal temperatures very close to that of present day in central North China, and 

vegetation largely dominated by mixed conifer-broadleaf forest. The weakness of Xu's 
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Study is that the interval for the samples analyzed is too large (Kong et al. 1985) and the 

samples collected were recorded only by height, thus making it difficult to correlate 

precisely with certain layers (Jia 1978a). 

Another significant pollen analysis at the Zhoukoudian site was conducted two 

decades later by Kong et al. (1985). Samples were taken from the west section (Layers 

13-1) at roughly 50 cm intervals. The pollen sequence reveals that during the period of 

700-230 Kya the Zhoukoudian region was generally in a temperate-warm interglacial 

environment, with a vegetation evolutionary sequence from conifer-broadleaf forest, 

deciduous broadleaf forest, steppe, conifer-broadleaf forest-steppe, to brush-steppe (Kong 

et al. 1985: 142). Their research result can be summarized in Table 5 (after Kong et al. 

1985). 

Table 5 Paleoenvironmental Reconstruction at Locality 1 Based on Pollen Data 
Layer Climate Vegetation 
11-10 warm temperate forest-steppe 
9-8 warm and moist deciduous broadleaf forest 
7 temperate deciduous broadleaf forest-steppe 
6 temperate and moist deciduous broadleaf forest-steppe 
4 temperate-cool and dry confer-broadleaf forest-steppe 
3 cool confer-broadleaf forest-steppe (?) 
2 temperate and dry forest-steppe 
1 cool and dry ? 

Note; No pollen samples collected in Layer 5, and poor pollen quantity- for Layers 3 and 1. 

The studies by Xu (1965) and Kong et al. (1985) agree with each other on the 

general paleoenvironmental patterns at Locality 1, especially its lower and middle portion. 

Unfortunately they both failed to generate sufficient data for environmental reconstruction 

for the upper section (Layers 3-1), which are the major concern for this study. 
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Sediments, Loess-Paleosol, and Deep Sea Core Correlation 

Sedimentation characteristics were used in the very beginning of the Zhoukoudian 

investigation to reconstruct the paleoenvironment of the site. The 1980s witnesses a 

revival of this approach in paleoenvironmental studies at Zhoukoudian, employed in 

combination with loess-paleosol and marine oxygen isotope correlation. 

Liu's work (1983) is an example of this revival. In Liu's opinion, the cave layers' 

alternation between those containing large chunks of breccia and those with finer 

sediments, ash, and travertine, is a good inferring system for reconstructing the 

paleoenvironment. Breccia is believed to be the result of cold climatic conditions, while 

travertine and finer deposits were deposited during warmer climate. On this basis, Liu 

proposed five and half paleoclimatic fluctuation cycles for Locality 1, in corresponding 

with the Luochuan loess-paleosol and deep sea oxygen isotope curve. However, cave 

deposits are generally more complex and usually distinctive from open air sites, 

particularly when human activities are involved. Therefore, Liu's reconstruction of the 

paleoenvironment at Zhoukoudian Locality I based on the comparison between cave 

deposits and loess-paleosol sequence should not be taken literally. 

A more systematic paleoenvironmental study for the Pleistocene Zhoukoudian 

region based on physical characteristics of the sedimentation and chemical elements of the 

deposit was conducted by Xie et al. (1985). This analysis revealed that the general 

climatic pattern during the Sinanthropus era is very close to that of today in the same area. 

There are some times that climate were wanner and moister than today, probably similar 

to the climatic condition of the present day Huaihe River region. Six paleoclimatic phases 
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between 800-220 Kya were determined, indicating considerable environmental fluctuations 

in the Middle Pleistocene in this region. These climatic phases are summarized in Table 6 

(after Xie e/a/. 1985). 

Table 6 Six PaleocUmatic Stages at Locality 1 
Stage Layer Climate Vegetation 
1 15-14 warm temperate and subhumid deciduous broadleaf forest 
2 13-12 tempetate and subhumid deciduous broadleaf forest 
3 11-7 cool and diy, semiarid with a >;«'ann confer-broadleaf forest and steppe (?) 

and moist substage at Layers 9-8 
4 6-S warm temperate and subhumid evergreen confer-deciduous broadleaf forest 
5 4-3 arid steppe or veldt 
6 2-1 temperate and semiarid. many cool- steppe or veldt 

warm and dry-moist fluctuations 

Since the marine oxygen isotope record was introduced to China, its correlation 

with the Zhoukoudian section has been a major issue in paleoenvironmental reconstruction 

for Sinanthropus. Researchers generally agree that the Zhoukoudian profile is comparable 

with the deep-sea record. However, they differ in the details of the correlation. For 

instance, Xu and Ouyang (1982) tie Layers 11-1 to O'® stages 14-6; Liu (1983) correlates 

Layers 10-3 to O'* stages 12-8; Liu and Ding (1984) connect Layers 11-1 to stages 15-6, 

and Xu et a/. (1997) associate Layers 10-3 with stages 13-8. The differences among these 

researchers might indicate that either the Zhoukoudian section actually does not retain a 

complete record for Middle Pleistocene climatic changes, or this cave formation caimot be 

compared precisely with loess and marine deposits. 

Discussion 

Considerable variation occurred in paleoenvironmental studies for the Zhoukoudian 

site. Different results occurred not only between various research approaches, but also 
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between different individuals in the same program, which makes it impossible to present a 

precise and detailed paleoenvironmental reconstruction for the site at this moment. 

The above research results can be grouped into two schools. One is the conclusion 

reached by faunal and pollen analyses, which generally characterizes a temperate-warm 

and forest-steppe environment for Sinanthropus, a condition characteristic of interglacial 

patterns and close to that of the present time in the same region; Climatic fluctuations are 

recognized but are treated as minor events. The other is the conclusion reached by 

sedimentation study and its correspondence with loess sequences and marine records, 

which portrays a climatic pattern of regular alternating between glacial/cold and 

interglacial/warm periods throughout Sinanthropus' occupation; at least four glacial-

interglacial cycles are recognized. 

One explanation for such a contradiction was offered by Aigner (1986), who 

suggested that the time-span for Sinanthropus' presence at Zhoukoudian was less than 

100, 000 years, rather than being 500,000 years as was commonly accepted; and Layers 

11 through 4 represented a single interglacial interval. However, various chronometric 

studies indicate a time span much longer than Aigner has suggested. A more plausible 

explanation might be that global glacial-interglacial fluctuations did occur during 

Sinanthropiis time. However, these glaciations were not very "typical" in North China, in 

that climatic conditions were still temperate even during the glacial periods (Xu and 

Ouyang 1982; Xu et al. 1997). Therefore, no dramatic changes occurred to faunal and 

pollen assemblages at Zhoukoudian, thus hominids could still survive at the site during 

those cold periods. 
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3.3 PALEOENVmONMENTAL RECONSTRUCTION AT LOCALITY 15 

Our current understanding of the paleoenvironment of Locality 15 still largely relies 

on the broad inferences made by Pei in 1939. Pei presented a mixed environmental picture 

for Zhoukoudian and the surrounding region at the time Locality 15 was occupied, 

indicated by the presence of some environmental-specific faunal species; a desert condition 

by Dipus and Struthio\ a steppe environment by Spermophilus, Gerbillus, and Ochotona, 

and a forest condition by Cervus elaphus, Moschus. Pei summed up such an 

environmental condition as "having been mostly a 'steppe,' with forests along certain 

slopes and with 'patches' of desert in higher parts or along the foothills. The climate of 

Pleistocene time seems to be temperate and semi-arid which is more or less the same as 

that of present day in this part of China" (Pei 1939d; 158). 

A slightly diflferent condition was described by Hou (1993) based on the study of 

bird remains from the site. A total of 44 avian species were identified fi^om the Locality 15 

faunal collection. Among them, 17 were considered northern species, 2 southern species 

and the other 25 could adapt to wide-ranging environments. Hou made several remarks 

on this avian assemblage: a) the common fresh water river-adapted Railus was absent 

from the assemblage; b) some seashore species were present, such as Numenius, Tringa, 

c) desert and grassland species decreased compared to that of Locality 1; d) birds adapted 

to foothills, hilly lands, and plain environments increased, such as Pica pica, Stunms 

sturninus, and Upupa epops, e) Porzcom, currently only living in a high mountainous 

water-environment in Xinjiang, northwest China, occurred at the site. 
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Hou (1993) believed that these facts indicated that during the late Middle 

Pleistocene, westward marine transgression occurred, resulting in a much moister climate 

for the Zhoukoudian region and greater North China. As a result, high mountain scrubs, 

near mountain grasslands and plains expanded. 

During multi-disciplinary research at Zhoukoudian, two pollen samples, one from 

the lower level and one from the upper horizon, yielding a total of 78 grains of pollen, 

were collected from Locality 15. Six samples were also collected from Locality 4. The 

results of pollen analysis from these two localities are summarized in Table 7 (after Kong 

et al. 1985). Ligneous plants comprise 51.9% of the pollen assemblage at Locality 15, 

while herbs constitute 44.3%. A few Pteridophyta and liverwort pollens were identified, 

but no hydrophyte pollens were found. 

Kong et al. interpreted the Locality 15 pollen assemblage as representing a forest-

steppe environment, with a climate that was cooler and drier than the previous period. An 

even cooler and drier condition was suggested by the Locality 4 pollen assemblage, 

evidenced by more herbaceous pollens (61%) and less ligneous ones (30%). Nevertheless, 

the Locality 4 vegetation was still a temperate forest-steppe, and both Localities 15 and 4 

were still under a warm interglacial climate (Kong et al. 1985: 150). 

More pollen samples were collected from Locality 15 in the fall of 1997 for this 

study, and analysis was undertaken by the Institute of Botany in Beijing. The results were 

not satisfying, for only a limited number of plants were identified, including Pimts, Tsitga, 

Juglans, Gramineae, Euphorbiaceae, Compositae, and Lycopodium. The former three are 

ligneous plants and the latter four are herbs. Among the ligneous plants, Tsuga is a warm 
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temperate species, and Juglans is usually associated with subtropical environment, an 

indication that the formation of Locality 15 was largely under a warm-temperate climate. 

Table 7 Pollen Record for Localities 15 and 4 
Locality 15 Locality 4 

POLLEN S. I S. 2 Total S. 3 S. 4 S. 5 S . 6  S. 7 S. 8 Total 

LIGNEOUS 12 29 41 16 47 10 1 25 12 1 1 1  
Pinus 5 5 8 35 4 3 50 
Cupressaceac 2 2 4 5 3 8 
Betula I 2 3 3 3 
Quercus 2 4 6 2 I 1 4 
Ulmus 2 3 5 
Acer 1 I 1 1 2 
Car pinus 1 1 
Oleaceae 2 2 5 I 3 6 15 
Salix 3 3 I 1 2 4 
Corylus 3 3 2 1 3 
Rosa 4 3 7 1 5 2 1 7 3 19 
Leguminosae 2 2 2 2 

HERBACEOUS 11 24 35 17 57 39 11 73 20 217 
Ephedra 7 7 
Chenopodieeae 1 6 7 6 12 12 2 31 2 65 
Compositae 3 3 2 1 3 6 
Artemisia 8 4 12 7 32 18 6 42 9 114 
Hamulus 2 2 
Gramineae 2 2 4 4 4 3 5 16 
Rubiaceae 1 1 
Plantago I 1 
Labiatae 1 I 
Boraginaceae 1 1 
Polygonum 1 1 
Rheum 6 6 
Dipsacus 2 2 
Liliaccae 1 1 1 1 
Tvpha 1 1 

CRYPTOGAM 2 2 1 9 1 12 1 24 
Aleuritopteris 1 1 
Salaginella 2 2 11 11 
Polypodium 1 8 1 10 
Musci 1 1 
Algae 1 1 
UNIDENTIFIED 1 1 2 1 3 6 
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So far all available faunal and palynological data at Locality 15 indicate that 

hominids who occupied the site were living in a warm-temperate and forest-steppe 

environment, and this conclusion is in accordance with the general climatic pattern inferred 

by loess-paleosol sequence for the early Upper Pleistocene in North China (Liu et al. 

1985). The site is situated at the transitional zone between the Xishan Mountains and the 

Hebei Plain. Various minor environments in the surrounding areas provided a variety of 

natural resources for hominids to explore. The mountain forest and near mountain steppe, 

scrubs, and the fertile plain, all could have provided abundant food sources for both 

hominids and other animals. The Zhoukou River, already formed in the Lower Pleistocene 

(Xie et al. 1985), flows along the foothill of Longgushan, conveniently supplying fresh 

water to the site. The fissures and caves developed in this limestone area furnished 

shelters for both hominids and animals, and possibly some of these structures became 

natural traps for animals. This in turn, could have provided opportunities for hominids to 

capture the fallen animals or to scavenge the carcasses (Dong 1996). All of these 

evidence points to a favorable situation for hominid adaptation at Zhoukoudian in the late 

Middle and early Upper Pleistocene period. 
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CHAPTER 4 
METHODOLOGY FOR LITHIC ANALYSIS 

4.1 BACKGROUND TO LITfflC STUDY IN CHINA 

This study deals with a key Paleolithic site in China and is conducted in the context 

of Chinese Paleolithic cultural and technological traditions. Accordingly, it is necessary to 

present the theoretical and methodological framework in which Chinese Paleolithic 

research is grounded. 

Methodological Development of Paleolithic Research in China 

Due to social and political unrest in 20*'' century China, the development of 

archaeological studies has not been a straight-forward process. Some researchers have 

attempted to summarize the history of Chinese archaeology in general and Chinese 

Paleolithic research in particular into distinct developmental stages (e.g., Olsen 1987; 

Zhang 1987; Chen 1997) However, such summarizations are either too general and hardly 

applicable to Paleolithic archeology, or they have been based largely on general 

quantitative criteria (e.g., the number of sites discovered or excavated, the number of 

archeologicjil materials accumulated, and the number of researchers involved). In order to 

present the development of Paleolithic research in China more properly, a three-stage 

scheme is proposed here, founded mainly on theoretical and methodological advances in 

this field. 
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The imitative and experimental period (1920-1948') 

Paleolithic research in China was "imported" from western countries, especially 

France, in the 1920s. From the very beginning, a well-developed theoretical and 

methodological framework, including biostratigraphy, typology, artifact or culture 

classification, and the approaches to data collection, presentation and interpretation was 

adopted. 

Chinese Paleolithic studies during this period were dominated largely by research at 

the Zhoukoudian cave complex. The major concerns were the discovery of stone age 

artifacts to extend the Chinese cultural history further back into the Pleistocene epoch, to 

construct typological sequences based on time-space systematics for the Zhoukoudian and 

other lithic assemblages, and then to correlate the Chinese Paleolithic industries to the 

already-established European Paleolithic sequences based on typology and geochronology. 

This period is also characterized by the pioneering experimental studies conducted 

by Pei (1931a, 1936a, 1938) that addressed the archaeological formation processes and 

the distinguishing of genuine lithic and bone artifacts from natural pseudo-artifacts. Pei 

was so far ahead of his time that his experimental approach was not adopted by other 

Chinese researchers until half a century later. 

Classificatory-descriptive period (1949-1979) 

In the climate of the Cold War, Chinese archaeologists were largely isolated from 

the outside academic world after the founding of the People's Republic of China in 1949. 

As a result, archaeological theoretical and methodological developments in the West no 

longer influenced Chinese Paleolithic research. Political control over social and scientific 
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research constrained theoretical exploration and forced archaeology, as well as other 

research fields, to become mere footnotes for the Marxist doctrines, which were supposed 

to have provided the ultimate explanations for all aspects of the natural world and human 

society. Under such conditions Chinese Paleolithic archaeology maintained a character 

that was overwhelmingly classificatory and descriptive. 

There was almost no discussion of the principle or criteria for lithic artifact 

classifications in China during this period. The typological fi'amework was still essentially 

the one adopted from western European researchers in the previous period. Artifacts 

were divided into discrete categories with assumed functions. Artifact description and 

data presentation were largely qualitative and highly selective, and usually no quantitative 

treatment other than basic statistics for principal classificatory groups was given. Only a 

few "typical representatives" fi-om each category were measured and presented much in 

the same way a piece of craftwork would have been treated. 

The reconstruction of time-space systematics was still a major concern of Paleolithic 

research during this stage. Sites or cultural horizons were dated on the basis of 

biostratigraphy and archaeological "index types;" "cultures" or "industries" were defined 

on the bases of typological and stylistic observations of these "type specimens;" and 

"cultural traditions" were established in correspondence with similarities and differences 

among these "cultures" (e.g. Jia et al. 1972; Jia and Huang 1985). 

The transitional period: old traditions and new approaches (1980-present) 

Since China reopened its doors to the outside world in 1979, academic 

communication between China and western countries resumed and Paleolithic research in 
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China has been in a process of gradual change. While the old tradition (i.e. artifact 

classification and description) still dominates the research, some new theoretical and 

methodological approaches, primarily from the West, have arisen from the horizon. 

One visible change is in the data collection process. The traditional way of 

gathering only classifiable materials has given way to collecting all visible archaeological 

material, including lithic debris and animal bone fragments, thus providing a more 

complete and less biased dataset. 

Another major innovation is that more quantitative data is included in description 

and presentation, and statistical analysis has begun to be used to evaluate models built in 

the past. A good example of this is the analysis of the Dingcun lithic industry by Liu 

(1988) and Zhang (1993a, 1993b). The new studies reveal that conclusions reached solely 

on qualitative observations, such as the assemblage is dominated by large artifacts and 

block on block is the major way of producing flakes (Pei and Jia 1958), does not actually 

hold true. Quantitative analysis is used extensively in the Zhoukoudian Locality 1 lithic 

study by Pei and Zhang (1985) to present the characteristics of the industry and to 

demonstrate the development or improvement in lithic technology at the site from lower to 

upper horizons. 

The Bordesian typological scheme (Bordes 1961, 1972) has begun to influence the 

Chinese Paleolithic research (Lin 1993), although its application is still limited. Serious 

discussion has been devoted to whether Western classificatory categories are suitable to 

the Chinese Paleolithic materials (Huang 1993, Lin 1996, Li 1997), particularly whether 

the term handaxe—a western index stone tool type, may be used to label some artifacts 
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found in China (Dai 1985; Huang 1987, Lin 1994, Lin and He 1995). Efforts have been 

made to systematize and standardize artifact classification (e.g. Li 1984, 1991; Li and Cai 

1986; Chen 1993; Zhang 1996), though their success cannot match that of the Bordesian 

system in Europe. The view of artifact types as fixed and final products of deliberate 

human activity has been challenged, and the conception of "dynamic typology" has been 

proposed (Gai 1984). 

Stone artifacts are no longer viewed as the only important type of Paleolithic 

cultural remains produced by ancient human beings. Recently, several studies have dealt 

exclusively with faunal remains from Pleistocene sites (e.g., Zhang et al. 1990; Zhang 

1991; Long 1992), though they have not yet reached the standard of zooarchaeological 

research in the west (e.g. Binford 1981; Brain 1981; Stiner 1994). 

The experimental approach, initiated by Pei in the 1920s, made a forceful return in 

Chinese Paleolithic research in the 1980s and 1990s, mainly at the Peking University and 

the IVPP. A wide range of topics have been addressed, including the formation of the 

zooarchaeological record, the technology of core reduction, tool manufacture and utility 

(Li 1992; Huang 1993; Gu 1996), and microwear analysis of stone tools to determine 

possible functions (Hou 1992a, 1992b). 

Even though definition and comparison of "cultural traditions" are still major 

concerns of Paleolithic research, the discussion is no longer confined to Chinese 

Paleolithic industries, but now focuses on the differences/similarities and the dynamics of 

lithic technology and typology between East Asia and the western Old world (e.g. Huang 

1993; Lin 1996, Gao and Olsen 1997). 
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A Critique of the Classificatory-Descriptive Tradition 

Although some newly developed research trends have emerged in Paleolithic 

research in China, the overall Chinese Paleolithic enterprise today still remains a largely 

classificatory-descriptive endeavor, a research tradition that has been frequently criticized 

by western scholars for its lack of a theoretical perspective (Chang 1981, 1986; Yi and 

Clark 1983; Olsen 1987). The characteristics of a classificatory-descriptive research 

tradition in Chinese Paleolithic research may be summarized as follows: 

A fossilized typological system 

Sorting the unearthed or collected materials into discrete typological classes has 

been the first priority trying to understand lithic assemblages in China. The classificatory 

categories are treated as fossilized entities. That is, it is assumed that they were the 

designed and final products of tool-makers. Once the artifacts are classified, they are 

studied separately, while the relationship between these separate categories are rarely 

examined. 

"Type specimen"-oriented description 

Data description and presentation are overwhelmingly dominated by the so called 

"type specimens." Once the classification is accomplished, these most characteristic 

samples will be selected from each class and described in great detail, including the raw 

material, shape, weight, dimensions, mode of production or retouch, and physical 

attributes. Prior to the 1980s, such "index fossil" presentation was the only thing 

published. In the new era, with statistical analysis becoming an important part of data 

presentation, the situation has greatly improved. However, detailed descriptions of "type 
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specimens" still dominate many research programs and such selective data presentation 

does not correlate well with quantitative treatment of the overall assemblage. 

Emphasis on retouched tools 

Different categories are usually not treated equally in a typological-descriptive 

system. The retouched tools usually receive the overwhelming attention as it is thought 

that they unveil the most valuable information concerning technological level and function. 

Prior to the 1980s the term Shizhipin, the Chinese equivalent of "artifaa," did not exist in 

the Chinese archaeological literature. The focus was on Shiqi, or "stone tools." 

Nevertheless, this approach has changed greatly in the past two decades, evidenced by 

more research focus on core reduction and flake production technology (e.g. Gai 1984; Li 

1984; Li and Cai 1986; Wang and Wang 1988). 

A cultural historv-oriented approach 

As a branch of history, the ultimate goal of Chinese archaeology is to reconstruct 

human evolutionary and adaptive history within China. Accordingly, the search for and 

definition of archaeological cultures and to use them to extend and supplement Chinese 

written history is always the main goal of Chinese archaeological research. Under such an 

agenda, the research emphasis is played on how a particular archaeological culture fits the 

overall and usually unilinear evolutionary process, rather than on the variation of human 

behavior under different circumstances. 

The Root in Chinese Historiography and the French Connection 

As Xia (1979) and Chang (1981, 1986) have pointed out, today's archaeology in 

China incorporates three sources of scholarship; traditional Chinese antiquarianism. 
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western archaeology, and Marxist historical materialism. Marxism, as the state ideology 

from 1949 to the 1980s, has not substantially affected archaeological research in China, 

for "data and analyses of data and ideological jargon co-exist in most archaeological 

reports and essays, but in most cases the two are clearly distinguishable and have not 

influenced each other in ways that are significant or long lasting." (Chang 1981; 167). 

The root of traditional Chinese historiographv 

In China, archaeology has been considered a part of history in the broad sense (Xia 

1984; 934). Because China has had such a long, unbroken, rich and unique written 

history, archeologists have naturally perceived the objective of their research as to extend, 

supplement, support and correct the written records. This has placed a substantial 

restriction on the development of archaeological theory and methodology in China. 

Two characteristic features of traditional Chinese historiography have influenced the 

philosophy of present day archaeology. One is its predominant use of case histories (e.g. 

individual persons and isolated events) rather than abstract generalization; the other is the 

separation of historian's personal opinions from facts (Chang 1981). Transformed into 

archaeology, the former leads to the emphasis on individual or "index" artifacts, special 

tool types, a single site/assemblage, rather than the whole system of hominid technology, 

behavior and ecology. The latter brings about the collection of massive data sets, itemized 

classification, objective description and presentation, rather than subjective theoretical 

generalization—in an old Chinese idiom; "facts speak louder than words." 

Traditional antiquarianism (Jinshixite), as an adjunct of Chinese historiography, has 

often been taken to be the direct predecessor of modem Chinese archaeology. It came 
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into existence during the Song Dynasty (960-1279), declined in the following Yuan and 

Ming Dynasties, and flourished again in the Qing Dynasty. Over the centuries, antiquarian 

scholars made significant advances in classifying ancient objects (especially bronzes) and 

deciphering their inscriptions, which they treasured as authentic written testimonies of 

history that could be used to correct mistakes in the transmitted historical texts. The basic 

methodological framework of Jimhixue involves a combination of profile line drawing of 

the artifact, facsimiles of any inscriptions, and descriptions in words in which the physical 

appearance and dimensions are given, and dating the artifact by physical appearance, 

inscriptional content, and decorative design (Chang 1981). Modem archaeology in China 

has since moved far away from the traditional Jinshixue, especially in its emphasis on 

fieldwork and geological context of the artifact studied; points completely missing from 

Jimhixue. However, the methodology of traditional antiquarianism still influences the 

classificatory-descriptive tradition of archaeological research in China today. 

The French connection 

All of the figures who initiated Chinese Paleolithic research, except for Andersson, 

came fi-om France (Licent, Teilhard de Chardin, and Breuil). Among them, Breuil played 

an essential role in shaping Chinese Paleolithic archaeology. When lithic materials 

unearthed fi-om Shuidonggou were sent to Paris, Breuil (1928) immediately recognized 

some familiar typological categories and placed the Shuidonggou industry into a 

transitional stage fi-om the Mousterian to Aurignacian. This is the first time the European 

classificatory/typological framework was applied to a Chinese archaeological industry. 
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Breuil's 1931 visit to China tightened the China-France connection in Paleolithic 

research. He had the final say on the authenticity of the Sinanthropiis stone tools, and 

more importantly, became acquainted with a remarkable young Chinese geologist, Pei 

Wenzhong, whom he suggested study in Paris under Breuil's guidance. Pei pursued 

training in France from 1935 to 1937, and became the first professionally-trained Chinese 

Paleolithic archaeologist and the founding figure in this field.. Because of such a 

relationship, French influence in Chinese Paleolithic research was enhanced, with its 

theoretical and methodological fi^ameworlc largely being adopted by Chinese researchers. 

It is easily recognizable that there are many parallels between the traditional French 

school and the current Chinese school, such as a methodological fi-amework deeply rooted 

in geology and paleontology, an "organic" theoretical model in interpreting human culture, 

and a research agenda largely predominated by typological analysis and data presentation 

(Daniel 1975; Sackett 1981; Trigger 1989; Dibble and Rolland 1992). France was the 

birthplace of Paleolithic archaeology and has maintained a leading position up to the 

present. Its influence in the development of this field in other countries is therefore quite 

understandable and expectable. What makes the Chinese case unique is that early 

influence has been consistent and long lasting; the major theoretical and methodological 

principles introduced by Breuil are still employed by Chinese Paleolithic research practice 

today. 

There are two major factors that attribute to such a unique situation. One is the 

isolation of China fi-om the West between the 1950s-1970s, which forced academic 

communication and influence in this field to stay at the pre-1949 level. The other reason is 
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that the early French Paleolithic research agenda found a happy marriage with the classic 

Chinese historiographic tradition in the context of Chinese Paleolithic archaeology. 

Classification and Typology with Chinese Characteristics? 

One frequently asked question about Paleolithic research in China concerns the 

nature of the artifact classificatory system, and whether familiar descriptive terms used by 

Chinese researchers have the same meanings as they are applied in the western literature. 

One important point is that the lithic typological framework in China is not of 

Chinese origin, but instead an adoption from the West, particularly from France. The 

basic typological terminology is a direct translation of the corresponding terms from 

western languages (e.g. French and English) into Chinese, which maintain their original 

functional or morphological implications. The basic typological terms that are commonly 

used in both Chinese and English system are presented here (Table 8). 

Table 8 Corresponding Typological Terms for Lithic Artifacts in English and Chinese 
English Chinese Hanyu Pinin Romanization 
stone artifact shizhipin 
stone tool shiqi 
core shihe 
flake shipian 
blade shiye 
blank maopi 
scraper mwm guaxiaoqi 
chopper-chopping tool kanzaqi 
pointed tool jianzhuangqi 
borer shizhi 
burin diaokeqi 
pick J shougao 
cleaver baorenfij 
handaxe shoufu 
notch aoqueqi 
spheroid shiqiu 
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Similar to the practice in the west, the artifact classificatory system in China is a 

hierarchical structure, in that those general typological categories are further broken down 

into subclasses, according to morphological or technological characteristics, such as the 

number of edges, the retouch position, and the linear morphology of the edge. 

Like artifact classificatory systems in the west that have been subject to fi-equent 

criticism for their mixture of morphological, technological, and presumed functional 

attributes, and their lack of sound theoretical foundation (Jelinek 1976; Read 1982; Draper 

1985; Adams 1988; Beck and Jones 1989), the imported western European classification 

scheme has not been wholeheartedly accepted by Chinese researchers. As early as the 

1930s, Chinese scholars realized that the Chinese Paleolithic material was different from 

that found in western Europe, and that the two were hardly comparable on a typological 

basis (Pei 1937). Since then, Chinese archaeologists have tried to establish a classification 

system with Chinese characteristics. A good example is the Dingcun assemblage, in which 

some tool types, not commonly found in the western literature, were defined, such as 

danbiatrxingqi (single-edged implements), duobianxingqi (multiple-edged implements), 

and hoiijianzhiiangqi (thick points). The term gtiaxiaoqi (scraper) was assigned to 

utilized flakes rather than the retouched ones (Pei et al. 1958). However, such an effort 

has met with little (if any) success and has been given up by most practitioners. The 

typological terms created by the original Dingcun researchers have since been abandoned, 

and the artifacts under those terms are again referred to as scrapers, picks, handaxes, and 

damaged flakes (Li 1997)—in a sense back to the "normal" system. Today, all researchers 

in the Chinese Paleolithic field are working within the same classification framework. 
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though they have minor differences on the definition of some categories (e.g. handaxe) 

and the Chinese terms for some artifact classes, such as kanzaqi vs. kanzhaoqi for 

chopper/chopping tools, jianzhuangqi vs. jianrenqi for points, shizhui vs. shizhuan for 

borers, etc. Researchers also continue to debate whether or not this classification system 

is fully suitable to the Chinese archaeological reality (Huang 1993; Lin 1996; Li 1997). 

It is naive to expect the classiflcatory system and descriptive terms used for 

Paleolithic artifacts in China and the west to be exactly the same. It has been commonly 

accepted that earlier Paleolithic cultures in Africa and western Eurasia differ in some 

fundamental ways from those of East Asia (Movius 1948; Yi and Clark 1983; Schick 

1994; Lin 1996; Gao and Olsen 1997). Handaxes, for instance, an index type of 

Acheulian, are rarely found in the east and the significance of the few known specimens 

remain a controversial issue. Another example is that the Levallois technocomplex never 

occurred in China and much of greater East Asia prior to the late Upper Pleistocene. As a 

result, many of the 63 elements of the Bordesian Lower and Middle Paleolithic typological 

system, the Levallois-related terms, have never found their ways into the Chinese 

literature. 

Still other differences exist. For instance, the denticulate, an independent tool 

category in the Bordesian list, becomes a subtype under the scraper in the Chinese system. 

Some other artifacts types, such as burin and borer, though present in both the Chinese 

and the western systems, may in fact exhibit only superficial morphological similarities. A 

precise classification and description of an artifact requires detailed examination of its 

technological attributes, such as retouch direction, position and extent. The majority of 
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Lower and Middle Paleolithic tools found in China were made on quartz, quartzite and 

poor-quality flint; pieces with fine retouch are rarely found. Such characteristics make 

detailed and precise technological and typological categorization of the Chinese specimens 

more difficult, and thus directly contribute to the ambiguity of artifact classifications. 

4.2. NEW PERSPECTIVES IN LITHIC STUDY 

Prior to the mid-1970s. Paleolithic research was dominated by typological studies 

focusing on variation in artifact morphology (Kuhn 1995). Over the past two decades, a 

variety of new approaches have emerged that played an increasingly important role in 

research on Pleistocene stone technology and human behavior. Among these 

methodological developments, the following three approaches have been found to be 

extremely relevant and useful for this study. 

The Study of Chaines Operatoires 

The chaines operatoires approach originated in France. It seeks to describe and 

understand all cultural/technological transformations that a specific raw material passed 

through, including raw material procurement, core reduction or flake production, tool 

retouch, use, maintenance, and abandonment—that is, the life history of an artifact, thus 

revealing the dynamic system behind the tool (Boeda et al. 1990; Nelson 1991; Sellet 

1993). In practice, the greatest attention has been paid to the middle part of the process 

(i.e., the production of flakes and blanks from cores); thus, the most commonly used 

English equivalent for chaines operatoire is core reduction sequence (Kuhn 1995). 

A useful approach to investigating the dynamic relationships among lithic 

subsystems is minimal nodule analysis (Kelly 1985). It involves the classification of all 
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cores, flakes, and tools into multiple units (nodules) according to raw material type, color, 

and grain. Each unit is thought to represent the reduction process of one raw material 

group. It highlights the role of each raw material and reveals reduction strategies applied 

to different materials. 

An Economic Approach toward Raw Material Exploitation 

Raw material exploitation has become an important aspect of lithic study in 

determining past human mobility, land use, strategies of raw material procurement, 

conservation, and economy. This school takes an adaptive/evolutionary approach to 

viewing technology as a suite of organized responses to both internal and external 

exigencies, rather than as a static set of culturally prescribed behaviors (Kuhn 1995). 

An economic approach toward lithic technology and raw material exploitation 

involves some principles or models drawn from ethnoarchaeological observations, such as 

planning strategies (e.g. curation vs. expediency), technological provisioning (e.g. 

provisioning individuals vs. provisioning places), foraging organization, mobility, land use, 

settlement patterns, scale of transport of raw materials, and tool maintenance (Kuhn 

1995). Although some of these models need to be further tested, such a perspective opens 

up a new way of looking into the interaction between hominid behavior/adaptive strategies 

and the environments/natural resources, and through it the nature of lithic technology and 

variability in a given site or assemblage. 

Quantitative Manipulation and Modeling 

Statistical manipulation has been used more and more frequently as an analytical 

tool for archaeological data organization and theoretical interpretation. Its application in 
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archaeological cases can been viewed as three fold (Voorrips 1987; Shennan 1997). The 

first one is data reduction, organization, and generalization, which transform large masses 

of unorganized data into smaller sets that are more easily comprehensible and accessible to 

researchers. The second role of statistical analysis lies in its use as an inferential tool, in 

the sense that it provides procedures for stating the degree of confidence we have in the 

accuracy of measurements and, more importantly, in observed differences among the 

variables in archaeological data. The third role is the identification of associations or 

relationships that exist between and among sets of observations, therefore helping 

archaeologists to study the dynamic relations between artifact typological features and 

technological domains, and interaction between hominids and their environments. 

In the history of archaeological research, the application of quantitative methods can 

sometimes bring about "revolutionary effect". For example, Bordes introduced the 

concept of assemblage composition as a way of defining or distinguishing different 

technological/cultural traditions within the French Mousterian complex, and extended 

artifact classification to the entire range of formal variation occupied by recognizable 

tools; thus abandoning the traditional practice of relying on the fossile directeur to define 

Paleolithic cultures (Sackett 1981). 

In recent years, American researchers have tended to rely more on statistical studies 

of core, flake, and blank attributes, and use statistical manipulation to test and challenge 

established models or assumptions in Paleolithic research. For instance. Dibble's 

transformational model for explaining inter variability in Mousterian scrapers (Dibble 

1987a) was challenged by Kuhn (1992) based on the dimensional measurements of blank 
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forms and retouched scraper. Kuhn (1995: 99) also used quantitative data to demonstrate 

that the variety of core forms from the Italian Mousterian assemblages represent actual 

distinct approaches of making flakes and blanks, rather than being the remaining forms at 

sequential reduction stages. 

4.3 METHODOLOGY OF TfflS STUDY 

The major objectives of this study, examining the nature of lithic technology and 

typological variability of the Locality 15 industry and its position in the Chinese Paleolithic 

cultural/technological tradition, as well as evaluating major aspects of Paleolithic research 

in China, require that this study utilize an approach that combines the Chinese research 

tradition and the methodological framework outlined above that was developed in the 

West. 

First, all classifiable artifacts will be broken down into discrete typological classes. 

Some typological groups will be further divided into smaller units to cover all identifiable 

technological-stylistic variants, as is commonly practiced in China. These artifact classes 

will become the basic units for data presentation and description. Such typological 

characters will be the major aspects for comparative study between the Locality 15 

assemblage and other major Paleolithic industries in North China, since typological 

classifications are the only dataset for many of those sites. 

Data presentation will not only be pursued in a qualitative manner, but will also be 

described, manipulated and summarized in quantitative ways. Several features of each 

artifact from Locality 15 have been measured and recorded, including shape, dimension 

(length, width, and thickness), weight, scar numbers and orientation, cortex, platform 
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(angle, type and form), retouch (type, direction, position, invasiveness and intensity), edge 

angle and morphology, and other observable attributes, wherever they apply. Statistical 

summaries of the general typological and technological features of the artifacts, such as 

raw material employed, principal reduction techniques, the relationship between raw 

material variation and the technological strategies to exploit them, the major retouched 

tool types, the principle retouch position and methods, the degree of tool standardization 

and intensity of raw material consumption will be presented. 

Contrary to the traditional view of artifact typological classes as fossilized 

categories of hominid design, the artifact groups from Locality 15 will be treated as the 

static remains of a dynamic lithic material exploitation and modification process—that is, 

the products of the chaines operatoires. Statistical analysis will be carried out to test if 

there are significant differences between these typological groups. In particular, I am 

interested in determining if the observed differences between them are continuous or 

discrete, if these artifact classes are real and meaningful typological/technological entities, 

and if they are, what functional and adaptive meanings can be attached to them. 

An economic approach will be applied to the Locality 15 study to examine the 

strategy of raw material/resource exploitation and hominid adaptation at the site, such as 

what materials were selected for use; how the raw material were processed; what was, if 

any, the effort to optimize raw material utility; and what were the determining factors in 

choice of blanks to be worked into tools. Issues related to how the tools were retouched 

and maintained in order to fulfill their functional requirements and what the artifacts tell us 

about the provisioning strategies and hominid activities at the site will also be discussed. 
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CHAPTER 5 
CORE REDUCTION TECHNOLOGY AND VARIABILITY 

A total of 6, 870 lithic artifacts were analyzed for this study. Major classes of 

artifacts and their frequencies are summarized in Table 9. 

The vast majority (70.3%) of the lithic artifacts consist of chunks. They are the 

debris, or waste of stone tool production that exhibit little or no trace of percussion, 

shaping or retouch and cannot be put in any classificatory categories. The existence of 

high proportion of waste materials is expected when stone tool manufacture took place at 

the site and poor-quality material, such as quartz, was exploited as the main source of raw 

material. 

Table 9 Artifact Classes and Frequencies 
Class Frequency Percent 
cores 130 1.9 
flakes 439 6.4 
flake fragments 91 1.3 
bipolar fragments 87 1.3 
tools 1281 18.5 
spheroids 2 0.0 
hammerstones 7 0.1 
burned pebbles 4 O.I 
chunks 4829 70.3 
Total 6870 100 

Core reduction, or the production of flakes as tool blanks, is the first step of lithic 

tool manufacture in a chaines operatoires. Core reduction technology is accessed by 

studying core/flake forms and variability. 
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5.1 CORE FORMS AND VARIABILITY 

Only simple direct hammer percussion cores are present at Locality 15. In total, 130 

of such cores are identified, representing only 1.9% of the stone artifacts, or 6.4% of the 

classifiable pieces. 

In order to investigate reduction technology and variability in cores, data were 

collected for the following variables: 1) Length, width, thickness and weight; 2) Number 

of platforms and flaking faces; 3) Numbers and sizes of recognizable flake scars; 4) Types 

and sizes of platforms; 5) Flaking angles; 6) Appearance of striking point and negative 

bulb of percussion; 7) Geometric relationship of platforms when more than one platform is 

present; 8) Cortex, and 9) Raw material. 

There is no single, widely-accepted core typology in lithic analysis. A variety 

criteria have been used to classify cores by diflferent researchers. For instance, Levallois 

cores, blade/microblade cores, and bipolar cores are identified based on core reduction 

techniques; prismatic, conical and biconical cores, discoid cores, and polyhedral cores 

are classified based on core morphologies; prepared cores and unprepared cores are 

recognized on the basis of platform treatments; and imifacial, bifacial and multifacial 

cores are identified based on flaking directions and the number of platforms. 

In China, prior to the late Upper Pleistocene, fewer core categories are identified 

compared to Western Eurasia. Cores in China are usually named based on the number of 

platforms, such as single-platformed cores, double-platformed cores, and multi-platformed 

cores. Some cores are occasionally named by their forms, such as proto-prismatic cores 

and discoid cores fi-om Xujiayao ( Jia and Wei 1976). In this study, cores are classified 
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into three subclasses (see Table 10) based on the combination of reduction directions, 

platforms number(s) and geometric relations between platforms, if more than one platform 

is present. 

Table 10. Sub-Classification of Cores 
Type Frequency Percent 
simple 23 17.7 
discoid 33 25.4 
polyhedral 74 56.9 
total 130 100.0 

Simple Cores 

This group includes cores with one or two platforms. Most have only one platform 

and are defined as "simple" cores because they were only minimally and casually 

consumed; only few flakes (an average of 4) were removed from them. All except one 

piece retain some cortex; most flakes were struck from cortical platforms; no core 

preparation is recognized. Simple cores were abandoned without further utilization either 

because of the poor texture of the raw material, or the shape of the core that did not 

provide a suitable striking angle. There is a great size variability within this core group, as 

presented in Table 11. 

Table 11 Statistics and Measurements for Simple Cores 
Variable Length Width Thick P-width P-thick Scar N P-angle Cortex(%) 
Nof cases 23 23 23 23 23 23 23 23 
Minimum 34 25 22 34 21 1 65 0 
Maximum 140 95 52 130 80 8 91 80 
Mean 63 52 33 59 43 4 78 51 
S. D. 24 18 9 25 18 2 7 24 

Note; P-; platform: measurement unit; mm 
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Discoid Cores 

Thirty-three cores have been classified as discoids (Figure 6). This category is 

defined for cores that were flaked from the perimeter towards the center of the body; flake 

scars are found on two opposite sides of the core, making the piece more or less circular 

in plan view. Such cores have been identified from Xujiayao, an early Upper Pleistocene 

site in North China (Jia and Wei 1976; Jia et al. 1979). Cores with similar morphology 

have been described as centripetal or radial cores in Europe (e.g., Kuhn 1995; Boeda et 

al. 1990). 

Measurements of the size and platform angle, and estimates of the minimum number 

of flake scars and cortex cover for discoid cores are presented in Table 12. The cores in 

this group are less variable in size and shape than simple cores. Most of the pieces are 

relatively small, with a mean length of 58 mm, a mean width of 47 mm, and a mean 

thickness of 33 mm. Platform angles for most of the cores are open, with a mean of 79°. 

Table 12. Statistics and Measurements for Discoid Cores 
Variables Length Width(mm) Thick Scar N P-angle Cortex(%) 
N of cases 33 33 33 33 33 33 
Minimum 35 31 20 3 60 0 
Ma.ximum 97 80 52 10 94 67 
Median 53 45 31 6 80 25 
Mean 58 47 33 6 79 29 
Stand. Dev. 18 14 8 2 7 16 

An alternate flaking strategy is recognized from the discoid cores. That is, an initial 

flake was removed from one side of the core; the core was then turned over and a second 

flake was detached on the other side of the core, using the previous flake scar as its 
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Striking platform. The flaking direction would be repeatedly alternated from one face to 

the other until the core was too small to produce usable tool blanks. The benefit of 

alternate flaking is that previous flake scars can serve as striking platforms for new flake 

removals, and a relatively consistent flaking angle can be maintained in the process. 

Therefore, it can serve as an alternative to platform preparation. However, because most 

cores in this category were reduced fairly extensively and most flakes scars left by the late 

stage core reduction are very small, it is difficult to determine if some of such scars are 

actually the result of platform preparation. 

Polyhedral Cores 

Seventy-four specimens are identified as polyhedral cores (Figure 7), constituting 

nearly 57% of the core class. These cores were flaked multi-directionally from several 

platforms. Similar specimens have been termed globular cores in other places. Basic 

statistics and measurements for polyhedral cores are presented in Table 13. 

The size of cores in this group varies greatly. Most of the cores are small (with a 

length mean of 56 mm), and most of them have open platform angles (with a mean of 82°). 

Table 13 Statistics and Measurements for Polyhedral Cores 
Variable Length (mm) Width Thickness P-angle Cortex(%) 
N of cases 74 74 74 74 74 
Minimum 34 26 21 65 0 
Maximum 128 94 71 97 60 
Mean 53 45 35 84 20 
Median 56 45 37 82 21 
Stand Dev 17 13 10 8 14 
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Variability in Cores 

A length/width plot reveals substantial overlap in core sizes among the three core 

forms (Figure 8). However, weight distribution for cores shows that the discoid group is 

lighter in average than the simple and polyhedral cores (Figure 9). Discoid cores also are 

flatter and thinner than polyhedral core (Figure 10). These indicate that discoid cores 

were more extensively reduced and consumed than other cores. 

Polyhedral cores possess the least cortical surface, followed by discoid cores and 

finally simple cores (Figure 11). Less cortex on polyhedral cores is closely related to 

flaking tactics; flakes are removed from all over the blank surface and thus less cortex 

does not necessarily testify a more extensive flaking. 

5.2 FLAKES 

Four hundred and thirty-nine whole flakes and ninety-one flake fragments produced 

by simple hammer percussion from Locality 15 were studied (Figures 12-15), representing 

7.7% of the whole collection or 26% of the classifiable artifacts. The following variables 

were recorded in order to examine flake production technology and the standardization of 

artifact forms: 1) Condition of specimen; 2) Percussion axis length; 3) Maximum width; 4) 

Maximum thickness; 5) Weight; 6) Platform type; 7) Platform morphology; 8) Platform 

angle; 9) Platform width; 10) Platform thickness; 11) Appearance of striking point; 12) 

Appearance of bulb of percussion; 13) Appearance of impact damage; 14) Edge damage 

location; 15) Percentage of cortex present; 16) Number of exterior flake scars; 17) Pattern 

of exterior flake removal; 18) Outline morphology, and 19) Raw material. 
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Size 

Basic statistics for length, width, thickness and weight for whole flakes are 

summarized in Table 14. Graphic presentations for these dimensions are found in Figures 

16 and 17. 

Table 14. Size and Weight for Flakes 
Variables Lengthj(tn^ Width (mm) Thickness (mm) Weight (g) 
N of cases 439 439 439 439 
Minimum 11 12 3 I 
Maximum 160 175 45 521 
Median 32 30 11 11 
Mean 36 34 12 21 
Standard Dev. 16 17 5 36 

Most of the flakes are small, with both length and width measurements failing in the 

interval of 20-50 mm and thickness clustering between 5-20 mm. Two specimens are 

much larger than the other flakes and have been excluded from Figure 16. One measured 

160 X 130 X 45 mm, and the other 103 x 175 x 36 mm, indicating that hominids at the site 

were capable of producing huge flakes when necessity arose and raw material permitted. 

Hammer percussion flakes have been classified and described in many different 

ways. They maybe assorted on the basis of technological attributes on the platforms and 

dorsal surfaces, they also maybe grouped according to the metric measurements, for 

example, the length/width ratio. Chinese archaeologists use the length/width ratio of 

flakes as the primary criterion for flake classification and presentation, and usually two 

subgroups are recognized; 1) long flakes, including all pieces with a length/width ratio > 

1, and 2) wide flakes, characterized by a length/width ratio equal to or less than 1. 
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According to the Chinese standard, 247 pieces or 56.3% of the unretouched flakes 

from Locality 15 are long flakes; the rest are wide flakes. A length/width ratio histogram 

for the flake assemblage is found in Figure 18. The figure shows that the length/width 

ratio has a continuous, unimodal distribution. Thus, the subdivision of flakes into these 

groups is arbitrary. 

Although the majority of the flakes are classified as long flakes, truly elongate 

specimens are rarely found in this collection. Seven specimens may be classified as 

blades—pieces with a length/width ratio >2; a more or less regular shape and parallel 

lateral margins. However, these pieces constitute only a small proportion of the flake 

assemblage, and they are not really distinguishable from other flakes in morphology and 

technology, thus are not considered a separate class. 

Morphology 

It is difficult to describe the morphology of simple flakes precisely. The Locality 15 

flakes are divided into four morphological groups on the basis of the relationship between 

the two lateral sides. 

Parallel flakes: the two lateral sides of the specimen are more or less parallel to each 

other. Pieces in this category are more or less rectangle or square. Only 5.6% of the 

flakes are parallel. 

Converigent flakes: the two lateral sides of the flake converge at the distal end, 

making the piece more or less triangular. In total, 10.4% of the flakes belong to this 

category. 



119 

Divergent flakes: two lateral sides of the flake diverge towards the distal end of the 

piece, making the distal end wider than the proximal end. Pieces in this group are 

generally circular, semi-circular, or ellipsoid in form. In total, 7.3% of the flakes are in 

this category. 

Irregular flakes: flakes that can not be placed in any of the above morphological 

categories and cannot be described in any meaningiul mathematical terms. In total, 76.7% 

of the flakes are irregular, making it the largest morphological group within the flake 

assemblage. 

Platform 

Western typological systems classify striking platforms into a variety of categories 

(e.g. Inizan et al. 1992), and a similar scheme has been proposed in China. For instance, 

Li (1984:255) divides flake platforms found in China into 9 types, including cortical, plain, 

scarred, crested (dihedral), prepared, punctiform, linear, cutting (wedge-shaped), and null 

(zero platform—present but unobservable). 

Seven platform types for the Locality 15 flakes have been recognized. They are: 

Cortical: the whole platform is covered by cortex. In total, 12.6% of the flakes have 

cortical platforms. 

Platform on joint plane: the striking force was applied to a fresh and flat joint plane 

on the core. Such platforms are normally placed into the cortical category. However, the 

overwhelming majority of the flakes from Locality 15 were detached from quartz nodules, 

and quartz materials are rich in joint planes; thus the use of joint planes as striking 
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platforms might indicate a flaking stage different irom those with cortical ones. Only 

4.3% of the flakes have joint plane platforms. 

Plain: only a single flake scar or facet can be recognized from the platform. The 

platform surface is usually concave or flat. A large majority (63.8%) of the flakes show 

plain platforms. 

Dihedral: platform formed by two intersecting facets. Only 6.9% of the flake 

platforms falls into this group. 

Scarred: also referred to as faceted or retouched platforms—on which multiple 

facets or flakes scars can be identified. The term faceted often has implications of 

platform preparation, which is not true for some flakes with such platforms. In order to 

avoid such confusions, Li (1984) suggests that the term faceted should be discard and the 

term scarred should be used instead to describe flake platforms that have multiple scars 

but are not necessarily prepared, while flakes with definite platform preparation should be 

labeled as prepared. In all, 9.2% of the flakes from Locality 15 have scarred platforms. 

Linear: dorsal and ventral surfaces on the flake meet at the proximal end, forming a 

sharp angle. Only 2.5% of the flakes have linear platforms. 

Punctiform: very small platforms, similar to linear ones, but with very limited lateral 

extensions. Only 0.7% of the flakes exhibit such platforms. 

The shapes and sizes of flake platforms are difficult to classify and measure 

precisely. In total, 26.8% of the flakes have triangular platforms; 16.5% have wide and 

thin platforms; 18.8% have quadrilateral platforms; 3% have elliptical or semicircular 

platform. The remaining flake platforms can only be described as irregular. 
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When samples with measurable platforms (linear and punctiform platforms 

excluded) are plotted by platform width over platform thickness (Figure 19), it is clear that 

the two variables form a more or less linear relationship, indicating that flakes with wider 

platforms usually also possess thicker platforms, and therefore larger platform sizes. Such 

a linear relationship is much weaker between flake areas and flake platform areas (Figure 

20), which means that flakes sizes are largely independent from their platform sizes; thus it 

is not necessary to have a large platform in order to produce a large flake. 

Platform Cortical Joint Plain Dihedral Scarred 
n of cases 55 18 275 23 40 
variables P F/P P F/P P F/P P F/P P F/P 
minimum 30 2.2 60 3.4 8 2.1 42 2.4 15 1.0 
maximum 2945 39.7 375 17.6 7332 77.3 1098 22.5 4725 37.7 
mean 351 9.1 159 8.5 216 11.2 376 6.8 360 9.0 
sd 451 8.2 80 4.1 522 12.6 274 5.4 744 7.6 

P: platform area, unit: mm^; F/P: flake area/platform area ratio 

Platform areas and a comparison between platform area and flake size for flakes in 

different platform groups are presented in Table 15. Flakes with joint-plane platforms 

have the smallest platform area mean (159 mm^), followed by flakes with plain platforms 

(216 mm^). Flakes with dihedral platforms have the largest platform area mean (376 

mm^). A small flake size/platform area ratio mean (6.8) for flakes with dihedral platforms 

indicate that these flakes are actually relatively small compared to their platform sizes. 

Figure 21 presents size diflFerences among flakes with different platform types. It is clear 

that flakes with punctiform, linear and joint-plane platforms are much smaller than flakes 
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with other platforms, implying that while large flakes are not necessary associated with 

large platforms, extremely small-sized flakes have to be produced on small platforms. 

Table 16. Interior Flaking Angles (°) for Flakes by Platform Group 
Platform type AU Cortical Joint Plain Dihedral Faceted 
N of cases 420 55 19 276 30 40 
Minimum 50 80 91 70 50 71 
Maximum 155 128 125 155 130 130 
Median 110 106 106 110 107 110 
Mean 108 105 106 109 99 108 
Standard Dev. 13 11 10 10 25 13 

Platform angles were measured when possible. Most flakes have relatively small 

platform angles, with a mean of 108° for all flakes. Platform angles for flakes in diflferent 

platform groups are presented in Table 16. Flakes with dihedral platforms have the 

smallest flaking angle mean (99°). Angles means for other platform types are very similar 

(105-109°). Figure 22 illustrates that the distribution of platform angles for all flakes is 

normal and unimodal. 

Attributes of Ventral Surfaces 

Three technological attributes on the ventral surfaces of flakes were recorded. 

These are the condition of the point of percussion, the appearance of the bulb of 

percussion, and the presence or absence of impact damage scars. 

Points of percussion on the Locality 15 flakes are poorly preserved. Nearly 41% of 

the flakes exhibits no trace of striking points at all. Only 25% of the flakes exhibit 

observable points of percussion. 
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The bulbs of percussion are also difficult to observe on many of the Locality 15 

flakes. More than 77% of the flakes show no bulb of percussion at all. Only 3 .2% of the 

flakes exhibit salient bulbs of percussion. A few flakes are even concave at the position of 

bulb of percussion. 

Impact damage scars are recorded simply as present or absent. Only 2.5% of the 

flakes exhibit impact damage scars. The rest have no trace of impact damage. 

The lack of observable striking points, impact damages and salient bulbs of 

percussion have been attributed to soft hammer or billet flaking (Crabtree 1973). 

However, attributes on ventral surface are dependent largely on the flaking properties of 

the raw material. In the case of Locality 15, flakes on different raw material types (quartz 

vs. non-quartz) show dramatic differences in the condition of striking point and bulb of 

percussion (Table 17); striking points and bulbs of percussion are absent on quartz flakes 

much more often than on non-quartz flakes. This indicates that these technological 

attributes are not always related to flaking techniques. 

Table 17 Condition of Striking Points and Bulbs of Percussion on Flakes 
Attributes Stri cing point (%) Julb of percussion (%' 
condition absent deep shallow absent diffuse salient concave 
quartz 54.7 4.9 40.4 85.4 12.1 1.6 0.9 
non-quartz 3.5 10.4 86.1 54.3 38.0 7.8 0.0 

Attributes of Dorsal Surfaces 

One noticeable characteristic of the Locality 15 flakes is that most specimens do not 

present dorsal cortex. Only 3% of the flakes' dorsal surfaces are totally cortical; 76% of 

the flakes have no cortex on their dorsal surfaces at all (see Table 18). 
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Table 18 Amount of Cortex on Dorsal Surface of Flakes 
% of Cortex 0 1-25 26-50 51-75 76-99 100 
Frequency 333 27 46 15 4 13 
Percent 76.0 6.9 10.4 3.4 0.9 3.0 

Most flakes have 2-4 exterior flake scars (Figure 23). Analysis of the pattern of 

previous flake removals is difficult, because most of the flakes are on coarse-grained 

quartz material and scar directions and flaking sequences are difficult to recognize. When 

multiple flake scars are present, usually only the last 1 or 2 are readable. The pattern of 

exterior flake removals can be roughly divided into five categories based on orientation 

relative to the axis of percussion, namely parallel, opposed, perpendicular, multi

directional, and unreadable. Frequencies for each pattern are presented in Table 19. 

There are no obvious correlations between dorsal scar patterns and flakes sizes. 

Table 19 Flake Dorsal Scar Patterns 
Pattern parallel opposed perpendicular multi-directional unreadable 
Frequency 166 11 33 157 59 
Percent 39.0 2.6 7.7 36.9 13.8 

Edge Damage 

Among the unretouched flakes, sixty-nine pieces or 16% of the specimens exhibit 

post-reductional edge damage. The damage scars are usually small and not continuous. 

Such scars most commonly (68%) appear along one or both lateral sides of the flake. 

Some of such edge damage might be interpreted as traces of utilization. However, it must 

be kept in mind that it is often impossible to distinguish utilization from natural edge 

damage, especially when such scars appear on quartz flakes. 
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In addition to the whole flakes discussed above, ninety-one flake fragments were 

collected from the site, constituting only 1.3% of the total lithic assemblage. The low 

frequency of flake fragments may be explained in three ways. First, many of these 

fragments were modified into tools and were not included in the statistics for this group. 

Second, because of the poor workability of vein quartz, some fragments produced during 

flaking possess no clear attributes of typical flakes, and were correspondingly placed in the 

chunk group. Third, sediments at the site were well-cemented and the site was excavated 

without screening, suggesting that some fragments might have not been collected. 

5.3 BIPOLAR FRAGMENTS 

Cores and flakes produced by the bipolar or hammer-and-anvil technique are 

recognizable by the distinctive traces on the impact end(s) and split face(s), such as 

wedge-shaped or acute-angled platforms, small semicircular zones of crushing impact at 

one or two ends, occasionally two bulbs of percussion on opposing ends of the ventral 

face, concentric ripples on the ventral surface, etc. (Kuhn 1995; Zhang 1987; Pei and 

Zhang 1985). 

A major characteristic of the bipolar flaking is that a core can be continuously 

exploited leaving no remnant "slug" or recognizable core morphologies (Pei and Zhang 

1985:220). Thus, bipolar cores will not be found in great numbers when raw materials 

were extensively exploited, and they will not be easily distinguished from the flakes 

produced from them. 

Only 87 bipolar fragments (cores and flakes) are identified from the assemblage 

Figure 24), constituting 1.3% of the whole assemblage or 11.6% of the core/flake 
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category. Thirty-five of these specimens exhibit wedge-shaped platforms or other idnds of 

impact damage at only one end. The remaining 52 pieces have impact traces on both ends. 

Most of the bipolar fi-agments are small (Table 20). A length/width plot (Figure 25) 

reveals that the longest pieces are those with two impacts ends. This can be easily 

explained. Two-ended pieces were produced when the striking force penetrated all the 

way through the core; the one-ended pieces were produced by force that only carried part

way through the core, preserving only proximal ends and much shorter pieces. 

Table 20. Dimensions of Bipolar Fragments 
Variables length(mm) width thickness wei.Rht(g) 
N of cases 87 87 87 87 
Minimum 20 9 6 2 
Maximum 70 44 40 98 
Median 33 20 13 8 
Mean 34 22 14 13 
Standard Dev. 9 7 6 14 

5.4 HAMMERSTONES 

Only seven hammerstones were collected at the site (Figure 26). Five of them are 

igneous pebbles and the other two are sandstone. They all exhibit impact scars at either 

one end or both ends. Two of them also have traces of battering at the center, an 

indication that they may also have been used as bipolar hammerstones. 

Compared to flakes, the number of hammerstones collected from the site is 

insignificant. One should bear in mind that hammerstones are not always morphologically 

and functionally specialized. Some cores and pebbles could have been used occasionally 

for this purpose without been identified as hammerstones. 
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The existence of hammerstones, cores, flakes, and chunk pieces at Locality 15 is a 

clear evidence that in situ stone too making activities happened at the site. 

5.5 DISCUSSION AND SUMMARY 

Variability of Core Reduction Technology 

At least two major core reduction technologies are present at Locality 15. One is 

direct hard hammer percussion; the other is bipolar flaking. A third flaking method, the 

so-called block-on-block, may have been used at the site as represented by a few large 

flakes with open platform angles and wide and thick platforms. Large and wide flakes 

wdth striking angles usually exceeding 120° and large and thick butts have traditionally 

been classified in China as being produced by the block-on-block method (Pei et al. 1958). 

However, recent studies show that these characteristics are not necessary the signature of 

block-on-block method; such flakes can be produced by direct hammer percussion. In 

fact, it is almost impossible to differentiate flakes produced by hammer percussion and 

those by block-on-block method (Liu 1988; Li 1992; Wang et al. 1994; Aigner 1978). 

Two Hammer-Percussion Flaking Strategies 

Three hammer-percussion core groups, namely the simple cores, discoid cores, and 

polyhedral cores, are identified among 130 cores collected at Locality 15. Most of the 

cores, especially the discoid and polyhedral forms, are small and have open platform 

angles that are not suitable for further reduction. The average length for the largest intact 

flake scars on cores is 26 mm. Compared to the mean length of 36 mm for flakes, it is 

clear that most of the residual cores could produce only very small flakes. 
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Two core reduction strategies can be inferred from those core forms. One is multi

directional flaking, or may be called opportunistic flaking-. Flakes were produced 

wherever suitable striking platforms and angles were found with no consideration or 

planning for later flaking. The results of opportunistic flaking strategy eire the polyhedral 

cores and some simple cores, especially those with two unrelated platforms. I expect that 

these simple cores were abandoned in the early stage of opportunistic flaking and thus 

failed to acquire a polyhedral morphology. 

The other core reduction strategy may be called alternate flaking. This strategy is 

represented by discoid cores, where flakes were alternately detached from the two faces of 

a flat core. Previous flake removals on one face served as striking platforms for new flake 

detachments on the opposite face. In this way, suitable striking platforms and angles 

could be maintained throughout much of the flaking process, even without platform 

preparation. Alternate flaking thus appears more systematic and better planned. 

In theory, alternate flaking should be more efficient than opportunistic flaking. 

However, size differences between these different core groups are not significant. Discoid 

cores are only slightly flatter and smaller than the other core forms, and most of cores in 

both groups have been reduced to their limit of utility. A possible explanation is that the 

two core reduction strategies were applied to deal with raw materials with different Initial 

shapes and sizes. That is, the alternate flaking tactics was used to produce flakes from 

flat pebbles, while opportunistic flaking was employed to exploit polyhedral pebbles. 

Four hundred and thirty-nine flakes were collected from the site. They vary in size, 

shape, platform type, ventral and dorsal conditions. Differentiating those flakes according 
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to production techniques (opportunistic flaking vs. alternate flaking) is difficult if not 

impossible. It is possible that flakes with parallel dorsal flake removals were produced by 

alternate flaking when the striking force penetrated short of the center of the discoid 

cores. However, such flakes could also been detached from polyhedral cores when the 

new detachment happened to be parallel to a previous removal. A major obstacle in 

determining the way individual flakes were produced is that the quartz raw material used 

at the site obscures clear technical attributes. 

Most flakes from Locality 15 appear to be produced on unprepared cores. No 

evidence for systematic platform preparation can be recognized either on cores or on 

flakes. However, some flakes yield small dorsal flake scars paralleling to the detachment 

axis of the flake (Figures 14 and 15), which could be an indication that some cores were 

actually shaped or prepared on the detachment faces before reduction. 

The Issue of Levallois Technology 

A single flake (Figure 15) in the collection from Locality 15 has become a virtual 

trademark for the site. The specimen is a thin and regular chert flake. A few continuous 

retouch scars can be observed at one lateral side on the dorsal surface. What makes this 

piece special is that there are three converging flake scars on the dorsal surface, with the 

last one being triangular and overlaying the other previous two. These attributes give the 

flake a more-or-less triangular shape and the basic morphology of a Levallois point. 

The flake's resemblance to a Levallois point has been noticed, emphasized, and 

extended; its implications for the extension of the Western Levallois technocomplex to the 

East, the relationship between Western and Eastern cultural traditions, and the source for 
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new technological development in later Paleolithic stages, have been discussed and 

debated (Kozlowski 1971; Otte 1995; Huang 1993; Gai 1991; Lin 1996). This is typical 

of an old research tradition, with qualitative observations on a few special artifacts 

dominating the research agenda. 

The issue over Levallois technology at Locality 15 needs to be addressed. Levallois 

technology is a particular technique of flake (tool blank) production that existed during the 

Lower and Middle Paleolithic in Africa and the western Eurasia (Bar-Yosef and Dibble 

1995). Since this core reduction strategy was recognized more than 100 years ago, the 

meaning of the term "Levallois" has changed several times (Ranov 1995), and research 

interests have shifted from typological/morphological studies of a few classic end-products 

of this technology (e.g. Levallois cores, flakes and points) to a technological/experimental 

analysis of reduction process and the variability of end-products (Bar-Yosef and Dibble 

1995; Boeda 1995; Van Peer 1992). 

There is not a universally accepted definition of Levallois technology. A classic 

definition of this technology relies on the close morphological relationship between the 

core and a particular flake (blank) detached from it; the core is carefully prepared and the 

blank is predetermined (Van Peer 1992). The shapes of Levallois products can be oval 

or rectangular in outline (Levallois flakes), long and narrow (Levallois blades), or 

triangular (Levallois points) (Bar-Yosef and Dibble 1995). More recently some 

researchers begin to view Levallois as a method of continuous core reduction or flake 

production. Instead of treating the morphology of the flake as being "predetermined", it is 
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believed that through the application of a consistent flaking technology that flakes show 

consistent sizes and shapes (e.g. Dibble 1989). 

Researchers have come to realize that an ideal Levallois technology is not easily 

recognizable from the end products in an archaeological collection (Copeland 1981). 

Experimental replication and refitting reveal that some flake/blank forms that can be easily 

classified as Levallois products, are actually produced by non-Levallois method; while 

some "typologically non-Levallois" pieces were in fact produced by Levallois flaking 

(Boeda 1995). In dealing with an archaeological collection containing some "Levallois 

products", one faces three possibilities; 1) all the material in the collection was actually 

produced within Levallois operational schemes; 2) all of the material in the collection was 

not the result of Levallois flaking but some are typologically /morphologically Levallois 

and, 3) the material in the collection was produced actually by more than one technology, 

one Levallois and the other non-Levallois (Boeda 1995). 

One particularly problematic artifact form is the so called "Levallois point", defined 

as a triangular piece, with a pattern of flake scars on the dorsal face resembling an inverted 

"Y". Boeda (1995) has examined in depth the production of such artifacts. His studies 

demonstrate that such pieces can be produced by a large number of flaking techniques, 

utilizing a variety of core forms (pyramidal, discoid, etc). The observation that "Levallois 

points" can be produced from discoid cores is particularly relevant to the issue of 

"Levallois technology" at Locality 15. 

Boeda (1995: 46-67) presents detailed comparisons of what he calls the "discoid 

conception and Levallois volumetric conception". In both conceptions the volume of the 
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core is conceived as two convex asymmetrical secant surfaces the intersection of which 

defines a plane of intersection. In the Levallois volumetric conception, the two surface are 

hierarchically related, one produces the predetermined blank while the other serves as the 

striking platform. The role of the two planes cannot be reversed. On the other hand, the 

two surfaces on a discoid core are not hierarchically related: one is conceived as a flaking 

surface, the other as a striking platform, but their roles are interchangeable. In both 

conceptions, the flaking surfaces are maintained so that certain products will be 

predetermined to some degree. In the discoid conception, the fi"acture plane of the 

detached blank is at an angle (secant) to the plane of intersection of the two surfaces. In 

the Levallois conception, the fi'acture plane of the blank is parallel to the plane of 

intersection of the two surfaces. 

It is clear that there are some technological and morphological similarities between 

these two flaking techniques. Therefore, it is understandable and expectable for these two 

technologies to produce similar artifacts—the so called "Levallois point" is a perfect 

example. 

The "Levallois point" fi'om Locality 15 is probably a product of discoidal 

technology, or alternate flaking, and is not a true Levallois product. No other evidence, 

such as Levallois cores and typical Levallois flakes, was recognized from the collection 

during the research to support the scenario of a Levallois presence at the site. Similar 

situations are also identified at a few other Paleolithic sites in North China and some 

Japanese Paleolithic sites, where "Levallois points" are found associating with discoidal 

cores and no true Levallois cores or other products are recovered (Sato et al. 1995). 
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Thus, Locality 15 follows a scenario in which all lithic artifacts were produced by non-

Levallois technology, but some (only I in 439 flakes at Locality 15) are typologically or 

morphologically Levallois. 

The Levallois technocomplex has been a major criterion in partitioning Paleolithic 

cultural traditions between East Asia and the West (Movius 1948, 1969; Clark 1994; 

Schick 1994; Lin 1996; Gao and Olsen 1997). So far such a partition seems to hold up: 

no true Levallois products have been found in China, Japan, Korea and eastern Siberia 

prior to the late Upper Pleistocene; this well-developed western technocomplex did not 

penetrate into the region east of 85 degrees East longitude and north of 50 degrees North 

latitude, where discoidal method and other simple reduction techniques were employed to 

produce tool blanks (Derevianko et al. 1990; Kimura 1992; Sato et al. 1995). 

The Status of Bipolar Flaking 

The bipolar flaking technique was used frequently in stone tool production when 

small-sized raw material packages were exploited or an intractable raw materials such as 

quartz was utilized (Clark 1954; Binford 1979; Miller-Antonio 1992; Kuhn 1995). It was 

first recognized and reported in West Europe (Mortillet 1885; Bardon 1906). 

Subsequently more such pieces were found in central Europe (Svoboda 1989), Africa, 

(Clark 1970; Leakey 1971), China, Japan, India, Australia, New Zealand, and North 

America (Lin 1987; Deng 1986; Boriskovsky 1978; Mulvaney 1975; Allen 1972, 

McPherron 1967). 

The role of bipolar technology in defining Paleolithic cultural traditions is among 

one of the most important issues in Paleolithic research in China (Zhang 1983). The 
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application of the bipolar flaking in China can been traced back as early as 1 million years 

ago (Feng and Hou 1998). Bipolar fragments were first identified at Zhoukoudian 

Locality 1 in the early 1930s. Later, more such artifacts were found from other 

Pleistocene sites in China, especially North China, such as Jinniushan, Miaohoushan, Dali, 

Xujiayao, Shiyu, Liujiacha, Xiaonanhai, Shuidonggou, Xiachuan, Xiaogushan, and 

Ang'angxi (Wu and Olsen 1985; Zhang 1989; Qiu 1989; Huang 1989). So far Locality I 

remains the site where bipolar flaking was used most intensively in China. In all, 5666 

cores, flakes and hammerstones were collected from Locality 1. Among them, 4171 are 

bipolar remains, constituting 74% of the core-flake category (Pei and Zhang 1985). 

Occurrences of bipolar technology in North China share some important features. 

First, at most of the sites yielding evidence for bipolar flaking, this method played only a 

supplementary role in tool blank production: bipolar fragments make up only a small 

proportion in the assemblages, compared the majority of artifacts produced by direct 

percussion. Zhoukoudian Locality 1 is a noticeable exception. Second, the overwhelming 

majority, if not all, of the bipolar fragments were made on vein quartz, a material that 

could not be easily flaked by direct hammer percussion. Third, most of these bipolar 

fragments are small. At Zhoukoudian Locality 1, most of them are 30-50 mm long, and 

are useful only in fabricating small implements. Fourth, most bipolar flakes were not 

retouched into tools. At Zhoukoudian Locality 1, a total of 3,890 unretouched bipolar 

flakes and 768 retouched bipolar flakes were collected, that is to say that only 1 out of 6 

such flakes was used as a tool blank. In contrast, in the group of direct percussion flakes, 

1,231 whole and unretouched pieces were collected, and 588 retouched tools on such 
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flakes were identified. That is, every 1 out of 3 direct percussion flakes was converted 

into a retouched tool. The conclusion is obvious; a much larger portion of flakes by 

bipolar percussion was wasted, and bipolar flaking is not an especially efficient technique 

to produce usable tool blanks. 

At Locality 15, eighty-seven bipolar fragments were collected, constituting only 

11.6% of the core-flake category. Considering the fact that a large number (4,829) of 

unidentifiable chunks were collected from the site, many of which could be bipolar, and 

that poor-quality quartz was the main raw material used, the actual portion of the bipolar 

products could be higher. Even so, it is still a huge departure from the pattern at Locality 

I. A possible explanation for the decline of the number of bipolar fragments at Locality 

15 is that hominids at the site had become much more sophisticated in producing flakes 

from vein quartz by direct hammer percussion, reducing their dependence on the wasteful 

bipolar method. This topic will be explored further in later chapters. 
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CHAPTER 6 
RETOUCHED TOOLS: TYPOLOGY, TECHNOLOGY, 

AND VARIABILITY 

6.1 RETOUCHED TOOL TYPES 

A total of 1,283 retouched tools were collected from Locality 15. The classes and 

frequencies of those implements are presented in Table 21 Detailed descriptions for each 

tool class follow. 

Table 21 Retouched Tool Class and Frequencies 

Class Frequency Percent 

Scrapers 1188 92.6 
single sidescrapers 1043 
double sidescrapers 113 
multiple-edged sidescrapers 12 
thumbnail scrapers 12 
endscrapers 8 

Chopper-chopping tools 13 I.O 
Cleavers 3 0.2 
Points 10 0.8 
Notches 24 1.9 
Awls 5 0.4 
Burins 17 1.3 
Pieces with irregular retouch 21 1.6 
Spheroids 2 0.2 

Total 1283 100 

Scrapers 

Scrapers include any retouched tool with one or more relatively long, regular edge 

produced by more-or-less continuous modification, either unifacial or bifacial. It is the 

most commonly encountered tool type in many Pleistocene sites. 
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There are some debates in China on the distinction between scrapers and chopper-

chopping tools. Most researchers suggest that the primary difference is size: scrapers are 

small, light-duty tools, while chopper-chopping tools are large, heavy-duty implements. 

No single criterion for metric separation of these two tool classes has been established; 

most suggested-criteria are ambiguous. For instance, Zhang suggests that scrapers should 

be normally lighter than 100 grams, and chopper-chopping tools heavier than 250 grams 

(1987; 71-76). Other researchers argue that size and weight are not meaningful 

parameters for distinguishing these two types. Instead, they propose that the blank types 

from which tools are fabricated should be the main criterion separating scrapers and 

chopper-chopping tools; scrapers are thus pieces made on flakes or flake fragments and 

chopper-chopping tools are produced on pebbles and cores (e.g., Li 1991). 

In the case of Locality 15, the differences between scrapers and chopper-chopping 

tools are self-clear; Scrapers are overwhelmingly made on quartz, while chopper-

chopping tools are mostly made on non-quartz materials. The former are mostly small 

while the latter are much larger. Moreover, scrapers were more regularly and deliberately 

retouched, evidenced by small, continuous, and more or less uniform scars; meanwhile 

most chopper-chopping tools were coarsely fabricated. 

A totally of 1,188 scrapers were collected from the site, making up 17.3% of the 

whole assemblage or 92.6% of the retouched tools. They can be divided into five groups 

according to retouch position and number of retouched edges. 
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Single sidescrapers 

A total of 1,043 pieces have been classified as single sidescrapers, constituting 

87.8% of the scraper category. They can be further divided into three subgroups 

according to morphology of the edges; 

Straight: 514 specimens, or 49.3 % of the single sidescrapers have straight edges 

(Figure 27). 

Convex: 409 pieces have convex edges, constituting 39.2 % of the single sidescraper 

category (Figures 28 and 29). 

Concave: 120 pieces or 11.5 % of the single sidescrapers possess concave edges 

(Figure 30). 

Double-edged sidescrapers 

Two sides of the blank were modified into workable edges on double sidescrapers 

(Figure 31). One hundred and thirteen of double-edged scrapers are recognized, 

constituting 9.5% of the scraper group. 

Multiple-edged sidescrapers 

Only 12 specimens with more than two working edges were identified, constituting 

1% of the scrapers. 

Endscrapers 

Eight pieces are classified as endscrapers. On those specimens, retouch was 

confined to the short end of a elongated blank. The pieces are relatively small and most of 

them possess convex edge morphology. 
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Typical endscrapers are usually associated with Upper Paleolithic industries in 

Europe and Africa, normally retouched on the short end(s) of blades and microblades, and 

are believed to be functionally different from sidescrapers. In China, this tool type is not 

highly developed in any cultural stage or industry. Therefore, the distinction between 

endscraper and sidescraper in the Chinese typological system is not as clear as it is in 

Europe and Africa. 

Thumbnail scraper 

Thtimbnail scraper is a term applied by some Chinese researchers (e.g., Jia et al. 

1972; Jia and Wei 1976) to small and short pieces with fine retouch on one rounded end. 

Twelve such pieces were found at Locality 15 (Figure 32). Retouch on these pieces 

are relatively even and fine. They differ from endscrapers mainly in that they were not 

fabricated on elongated blanks. The retouch usually covers less than half of the margin. 

Pieces with modification on the whole perimeter are termed ciratlar scrapers. 

Chopper-chopping tools 

The term chopper-chopping tool is generally applied to cobbles or nodules with 

several large flakes removed from one (chopper) or both (chopping tools) surfaces, 

creating an irregular sharp edge. In practice, this kind of implement is hardly 

distinguishable from simply flaked cores. Chopper-chopping tools were taken as an index 

tool type of East Asian Paleolithic cultures in early studies (e.g., Movius 1948, 1969), for 

they were found in great numbers at some sites. Only 13 pieces fall into this category at 

locality 15 (Figures 33 and 34), making up 1% of the retouched artifacts. 
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Table 22 Metric Data Table for Cleavers 
Sample ID Length(mm) Width(mm) Thickness(mm) Weight(g) Raw Material 
RP39046 155 170 48 1038 igneous flake 
RP39029 128 210 38 984 igneous flake 
RP39028 127 150 41 ? quartzite flake 

Cleavers 

The term cleaver applies to pieces made on large flakes, usually forming a "U" 

shape—with a modified or blunted butt, two retouched sides and a sharp and unmodified 

distal end (Bordes 1968; Bhattacharya 1979). 

Three pieces are classified as cleavers at Locality 15 (Figure 35; Table 22). They 

are very homogeneous in morphology in that they were all produced on large non-quartz 

flakes The platform ends (the butts) were all flaked or modified to make comfortable 

handles for grasping. The distal end of the blanks remain natural and sharp, with small 

damage scars evident on them. These three pieces have become almost another trademark 

of the Locality 15 industry. 

Cleavers fi"om Chinese sites have been classified as "choppers made on flakes" (Jia 

1957), or "large flakes with modified handles" (Zhang 1987). Only recently have cleavers 

been recognized as a separate stone tool type in the Chinese Paleolithic (Lin 1992). 

Similar artifacts have been collected fi-om a few other sites in North China, such as 

Miaohoushan, Dingcun, Sanmenxia, and Shuidonggou (Lin 1992). Generally, cleavers are 

present only in small numbers and never became significant tool type in any lithic 

assemblage in China. Furthermore, most Chinese cleavers lack the typical "U" shape of 
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those found in Africa and Europe. Some scholars have referred to such pieces as cleaver

like tools (Bordes 1968) or cleavers with Chinese characteristics (Lin 1992). 

Points 

The term point has at least two different usages. In America, it refers to objects 

presumed to have been hafred as parts of projectiles or weapons. Shared features of such 

projectiles include a pointed end and some type of modification to facilitate halting. The 

European usage applies to any object in which the distal end has been intentionally given a 

pointed shape—retouched or unretouched (i.e., Levallois points). In China, the European 

definition is adopted with one major difference; Only pieces with both sides of the pointed 

tip retouched are considered points (Zhang 1987, 1988; Lin 1993a). The point is a very 

important tool type for most of Paleolithic sites in China, but well-made examples never 

common. Ten pieces are identified as points at Locality 15 (Figure 36). 

Awls 

Several terms (or subdivisions) have been assigned to this tool type in the West, 

such as awl, borer, drill, beak, and percoir . The basic characteristics of this category are 

an elongated body with a pointed retouched projection or tip. Only 5 pieces are classified 

as awls or borers from the Locality 15 assemblage (Figure 37). They share similarities 

with points in overall morphology, but differ from them in that two shoulders were 

commonly produced near the tip to form a short but sharp point. The definition and 

classification of this tool class is somehow problematic in the Chinese Paleolithic 

typological system. Pieces in this class were usually not extensively retouched and the 
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modified tips are mostly short, so that the shoulders and the point could have been the 

result of incidental blows or damage. The Locality 15 examples are not an exception. 

Notches 

The term notch is reserved for pieces with a notch (or notches) on a side of the 

blank, making a deeply concave retouched edge. In the West, notched tools include 

several variants, such as notches, end-notched flakes, denticulates, and Tayac points 

(Bordes 1961a; Holdaway et al 1996). In China, this term is usually applied only to pieces 

with a single notch. Twenty-four notches have been collected fi-om Locality 15 (Figure 

37). They were made on flakes or flake fragments and the retouch is generally steep. No 

other modification can be identified on the rest of the blank, which makes it difficult to 

know if some pieces were made intentionally or produced by incidental damage. 

Burins 

The term burin or graver applies to tools that were formed by a special type of 

retouch in which blow is directed parallel to, rather than perpendicular to, edge of the 

blank. It has long been considered to represent a special stone tool class, used for 

engraving (Movius 1968). Such a notion has been challenged recently by Barton et al. 

(1996) who argued that burins should not be considered a single class of tools, but rather 

the various products of a manufacturing technique analogous to retouch. That is, 

"burination" is simply a technique for removing mass from flakes and blades, serving to 

modify edges and produce spalls. They believed that burins were used as cutting/scraping 

tools, engraving tools, hafting elements, and bladelet cores (Barton et al. 1996: 111). 
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The oldest burins in China are those recognized from Zhoukoudian Locality 1. 

Similar artifacts were also collected from other Lower and Middle Paleolithic sites in 

China. However, they are generally very rare in early sites in China, and almost all of 

them were made casually, with 1 or 2 narrow and long flakes (spalls) removed from the 

blank. These characteristics have led some researchers to suggest that they should be 

called "pieces with burination" rather than burins or gravers (e.g., Zhang 1987). More 

standardized burins are found in greater frequencies at some Late Paleolithic sites in 

China. According Lin (1993b), however, only 114 pieces have been collected from 19 

sites, indicating that burins are still not a significant tool type even in Late Paleolithic 

Chinese sites. Seventeen burins are recognized in the Locality 15 assemblage (Figure 38), 

constituting 1.3% of the retouched pieces. 

Pieces with irregular retouch 

Twenty-one artifacts are placed in this category, all displaying small and continuous 

flake removals. However, the retouched edges on these pieces are very irregular and are 

not in the same plane, making it unsuitable to classify them with scrapers or other tool 

forms. These artifacts may be either tools made on irregularly shaped blanks, or 

abandoned cores that have not yielded sizable flakes. 

Spheroids 

In China, stone spheroids or subspheroids are commonly called stone balls or tolas. 

Only two spheroids are identified from the Locality 15 assemblage (Figure 7). 

Measurements and scar counts are given in Table 23. Both are made on quartz pebbles. 

They differ from polyhedral cores in that the whole body was intensively rounded, covered 
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by numerous small flake scars with no natural angles <90°, and it is impossible to further 

detach any usable flakes from them by normal hammer percussion techniques. 

Table 23. Data Table for Spheroids 
Sample No Length Width Thickness Weight(g) Scar N Raw Material 
1 96 87 76 853 53 quartz 
2 55 55 52 208 55 quartz 

Numerous spheroids or subspheroids have been collected from Pleistocene sites in 

Africa, Western Europe, the Middle East (e.g., Ubeidiya, Israel) and North China (Leakey 

1948; Clark 1955; Willoughby 1987; Schick and Toth 1994; Li 1994). There are 

considerable debates concerning the methods of manufacture and functions of such 

artifacts. Some suggest that they are bolas or missiles for hunting, either hand held and 

thrown, attached to a rope or chain of some kind, or used as club heads. Others argue 

that they are pounding or battering tools for bone and vegetable processing, or that they 

are simply hammerstones for core reduction and tool retouch and that the spherical 

morphology is formed as a byproduct of use (Willoughby 1987; Schick and Toth 1994; Li 

1994). 

Experimental manufacture and use of such artifacts may indicate that "the simplest 

explanation for the artifact class of subspheroids and spheroids is that these forms are 

hammerstones that have been used for an extended length of time for flaking cores" 

(Schick and Toth 1994:446). Schick and Toth (1994:439) further suggest that the 

appearance of spheroids is strongly correlated with the use of quartz as a raw material, 

and predict that "sites having quartz as their predominant raw material should have 
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relatively higher proportions of subspheroids and spheroids in their assemblage 

composition." 

In China, thousands of spheroids and subspheroids have been collected from more 

than 30 sites dating from the Lower to Upper Pleistocene (Li 1994). At Xujiayao, a site 

dated to the early Upper Pleistocene along, more than 1, 000 spheroids and subspheroids 

were unearthed. Most of them are made on quartzite and igneous materials; a much 

smaller proportion is made on quartz. At Zhoukoudian, a site complex overwhelmingly 

dominated by quartz as lithic raw material, only a small number of spheroids were 

recovered—eight from Locality 1 (6 of them were made on quartz) and two from Locality 

15. Therefore, the Chinese case does not support the scenario of a close correlation 

between the abundance of stone spheroids and the predominance of quartz as raw 

material. 

6.2 RETOUCH TECHNOLOGY 

In practice, only artifacts with retouch or modification traces are classified as stone 

tools, although some unretouched pieces, especially flakes with sharp natural edges, could 

have been used as implements in various tasks or activities (Keeley and Toth 1981; Toth 

1985). Regardless of whether retouch is a useful criterion for distinguishing "tools" from 

other artifact categories, it certainly is an important attribute for studying stone tool 

manufacture and maintenance technologies and the ability of hominids to modify and 

utilize lithic raw materials, and offers a clue for inferring the use or function of a piece of 

stone tool. 
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Burins, spheroids and pieces with irregular retouch are not included in the following 

analyses. Single sidescrapers, double-edged scrapers and multiple-edged scrapers are 

treated as separate entities. 

Retouch Method 

Most of the modified tools appeared to be retouched by direct hard hammer 

percussion. Most modification scars are deep, irregular and variable in size and shape, 

indicating that modification on those pieces was not well-controlled. Nearly 96% of the 

retouched pieces exhibit scalar retouch, 2% exhibit fine marginal retouch, and another 2% 

show narrow and parallel modification scars. Narrow, shallow and regular parallel 

retouch scars are generally attributed to pressure retouch, a retouch technique common in 

Upper Paleolithic industries. Such specimens at this site are insignificant in number and 

are not made on diflferent raw materials from pieces displaying other retouch types. It is 

premature to say that pressure retouch was used at Locality 15. 

Only one scraper was found to have bipolar retouch—battering was recognizable on 

the edge and matching split scars were found on both sides of the edge. It has been noted 

that the bipolar method was used as a tool retouch technique occasionally at Locality I 

(Pei and Zhang 1985). The existence of only one such piece at Locality 15 is hardly 

strong evidence that the bipolar method was regularly used as a way of modifying tools at 

this site. 

Modification was simple and minimal for most pieces in this assemblage. Only 81 

out of 1243 pieces' retouch scars evidence a second phase of retouch overlapping an 
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earlier phase. Only three pieces show more than two layers of retouch. All of the pieces 

with more than one "layer" of retouch belong to the scraper class. 

Retouch Location 

Retouch location is sorted into six categories; the left lateral side (L), the right 

lateral side (R), the proximal end (P), and the distal end (D) for tools on flakes, and the 

long side (LS) and the short side (SS) for tools on non-flake blanks. Documentation of 

retouch location is aimed at determining retouch preferences and the ways in which pieces 

of raw material were consumed. Only scrapers on which retouch locations can be clearly 

described are included in this analysis. For pieces with more than one modified edge, each 

edge is treated as an individual entity. 

Table 24 Frequencies for Tool Retouch Locations 
Location LS SS R L D P RD LD LRD Total 
Number 490 128 87 75 38 6 4 3 1 832 
Percent 58.9 15.4 10.5 9.0 4.6 0.7 0.5 0.4 0.1 100 

RD; right side and distal end: LD: left side and distal end; LRD: left side, right side and distal end 

Table 24 shows the frequencies of retouch locations for scrapers. The majority of 

the tools (58.9 %) were retouched on the longer sides of non-flake blanks. Only 15.4 % 

of the pieces were modified on the short sides of the blanks. This contrast offers a clear 

indication of a tendency for maximizing the utility of raw materials. Among tools made on 

flakes, the number of pieces modified on the right lateral sides (87) is slightly larger than 

that retouched on the left sides (75). Only 4.6 % of the tools were retouched on the distal 

ends, while 0.7 % of the pieces were modified on the proximal ends. Only a small 
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proportion of the implements (1%) display retouch continuously on more than one 

side/end of the flake. 

Retouch Direction 

Scrapers, chopper-chopping tools, cleavers, points, awls and notches are included in 

this analysis. Each edge is treated as an individual entity. In all, 1396 modified edges 

were studied. 

Retouch directions for modified pieces were first assigned to two general categories; 

unifacial retouch and bifacial retouch. In total, 1248 edges or 89.4% of the edges were 

modified unifacially: that is, modification scars exist on only one face of the blank, mostly 

on the dorsal surface when flakes were used as tool blanks, or on the more convex surface 

when pebbles or chunks were used. The remaining 148 edges (10.6 %) were retouched 

bifacially. Among these bifacially modified edges, 30 exhibit the pattern of alternating 

retouch. Another 33 edges were modified using reversed retouch, one section was 

modified in one direction, while another was retouched in the opposite direction. 

Special treatment was given to single-edged scrapers (single sidescrapers, 

endscrapers and thumbnail scrapers) fabricated on flakes. Table 25 shows frequencies and 

percentages of retouched directions for three subgroups of single sidescrapers divided by 

the morphology of the edge; straight, convex, and concave. Sixty-five percent of these 

pieces were retouched on the dorsal surface, 25% were retouched on the ventral surface, 

and the remaining 10% was modified bifacially. No major differences in retouch directions 

can be detected among different morphological edge groups. 
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Tab e 25 Retouch Directions for Single-Sided Scrapers Made on Flakes 
Direction Dorsal Ventral Bifacial Reversed Alternating N % 
Straight 43 18 2 2 1 66 51 
Convex 37 11 5 1 1 55 43 
Concave 4 3 1 8 6 
N 84 32 8 3 2 129 
% 65 25 6 2 2 100 

6.3 QUANTITATIVE VARIABILITY 

A variety of metric measurements were recorded for retouched tools, including 

length, width, thickness, and weight. Other attributes of modified edges, such as angle, 

shape, length, and invasiveness, were also recorded. These latter attributes highlight the 

basic functional characteristics of retouched tools. 

Table 26 Metric Measurements for All Retouched Pieces 
Variables Minimum Maximum Median Mean Standard Dev. 
Length (mm) 15 213 35 38 16 
Width (mm) 6 156 28 30 12 
Thickness (mm) 1 115 15 16 7 
Weight (g) 2 1171 15 27 70 

Table 27 Length for Tools by Class (mm) 
Class N Minimum Maximum Median Mean SD 
Awl 5 22 38 32 30 6 
Burin 17 18 52 33 35 8 
Chopper 13 54 190 104 110 40 
Cleaver 3 130 213 173 172 42 
Notch 24 21 92 33 36 13 
Point 10 19 52 33 35 11 
Endscraper 8 15 33 20 21 7 
Thumbnail scraper 12 18 29 21 21 3 
Single sidescraper 1043 18 125 35 37 11 
Double sidescraper 113 19 95 37 40 13 
Multiple sidescraper 12 28 68 35 39 12 
Irregular pieces 21 26 70 42 42 11 
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Table 28 Width for Tools by Class (mm) 
Class N Minimum Maximum Median Mean SD 
Awl 5 18 39 25 27 8 
Burin 17 13 49 23 25 9 
Chopper 13 49 114 79 78 21 
Cleaver 3 128 156 153 146 15 
Notch 24 16 48 28 28 6 
Point 10 18 30 25 24 4 
Endscraper 8 16 37 28 28 7 
Thumbnail scraper 12 16 24 21 21 2 
Single sidescraper 1043 6 77 28 29 9 
Double sidescraper 113 11 72 27 29 9 
Multiple sidescraper 12 22 54 29 32 11 
Irregular pieces 21 18 48 29 30 8 

Table 29 Thickness for Tools by Class 
Class N Minimum Maximum Median Mean SD 
Awl 5 10 27 15 16 7 
Burin 17 5 21 11 11 4 
Chopper 13 27 61 37 40 8 
Cleaver 3 38 49 42 43 6 
Notch 24 8 38 14 15 6 
Point 10 7 21 16 15 4 
Endscraper 8 6 17 12 12 4 
Thumbnail scraper 12 8 16 11 12 J 
Single sidescraper 1043 1 115 15 16 7 
Double sidescraper 113 6 28 14 15 5 
Multiple sidescraper 12 9 25 16 16 6 
Irregular pieces 21 8 26 16 16 4 

Variability in Tool Size 

Tables 26-30 show the range of variability in length, width, thickness and weight of 

retouched pieces. It is clear that the Locality 15 stone tool assemblage is dominated by 

small pieces, with mean lengths, widths, thicknesses and weights of 38 mm, 30 mm, 16 

mm, and 27 grams, respectively. It is also obvious that considerable variation exists in the 

sizes of these tools. For example, the weight mean for all retouched tools is 27 grams, but 
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the standard deviation for tool weight is 70 grams, nearly three times the mean. Chopper-

chopping tools and cleavers are the largest tools in this assemblage, with mean lengths of 

110 mm and 172 mm and mean weights of 453 grams and 1011 grams, respectively. End 

scrapers, thumbnail scrapers, burins, awls and points are all small pieces and are all 

relatively uniform in size. 

Table 30 Weight (g) for Tools by Class 
Class N Minimum Maximum Median Mean SD 
Awl 5 4 28 11 13 9 
Burin 17 2 32 8 12 9 
Chopper 13 93 1171 331 453 321 
Cleaver 2 984 1038 1011 1011 38 
Notch 24 6 189 14 21 36 
Point 10 4 22 10 13 7 
Endscraper 8 2 18 8 8 5 
Thumbnail scraper 12 4 12 6 6 2 
Single sidescraper 1043 3 205 15 21 22 
Double sidescraper 113 3 116 15 21 24 
Multiple sidescraper 12 6 85 14 25 25 
Irregular pieces 21 4 81 22 23 16 

The mean lengths, widths, thicknesses, and weights for single-sided scrapers, 

double-sided scrapers, and multiple-sided scrapers are very similar. No consistent or 

significant size difference can be detected among these three subgroups. Therefore, the 

argument that scrapers with more edges are produced as a result of more extensive 

consumption of raw material or resharpening (Dibble 1984, 1987) does not seem to apply. 

Table 31 shows metric statistics for single-sided scrapers by three edge shape 

groups; i.e., straight, convex, and concave. The means for all four variables are nearly 

identical, indicating that there are no noticeable size differences among these three 



152 

subgroups. A length/width scatterplot for the three groups is presented in Figure 39, 

which reveals that pieces in the concave group are less variable in their sizes than piece in 

the other groups. 

Table 31 Dimensions for Single Sidescrapers by Group 
Class T,enet h fmn I) \ iViflTh T? iickne!«s (m m^ Weic rht rp 

mi ma me mi ma me sd mi ma me mi ma me sd 
St 19 91 36 10 12 72 29 9 1 52 16 6 3 205 20 22 
Cv 19 125 38 12 12 77 30 10 5 53 16 6 3 175 23 23 
Cc 18 61 37 9 6 71 29 9 8 115 16 12 3 158 20 20 

St; straight; Cv; convex; Cc: concave; mi; niinimum; ma; maximimi; me; mean: sd; standard 
deviation. 

Variability in Edges 

Angle 

Edge angle was measured for each individual edge. A totally of 1, 377 retouched 

edges were measured. Figure 40 shows the distribution of edge angles for scrapers, 

chopper-chopping tools, cleavers, awls and points. The distribution is continuous and 

unimodal, with the majority falling in the interval of 60-80°. Figure 41 presents edge angle 

means by individual tool types. It is obvious that the edge angle mean for cleavers is 

distinctly smaller than that of other groups. This is because cleaver edge angle was 

measured on the unretouched edge, which is thought to be the working end. The lack of 

discrete multimodality in the distribution of edge angles might suggest that the different 

tool types were not selected or prepared for tasks that required different edge angles 

(Barton 1988). 
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Length 

Diflferent techniques were used to measure edge lengths of pieces with different 

edge shapes: straight, convex, and concave. While edge length for straight-edged pieces 

can be measured directed and accurately, pieces with convex and concave edges cannot. 

Therefore, trigonometric function formulas are used to calculate edge length for convex 

and concave pieces (see Appendix for detailed description for such calculations and 

formulas). 

Table 32 Edge Length (mm) for Tools by Class 
Class N Minimum Maximum Median Mean SD 
Awl 5 7 20 14 14 5 
Point 10 10 37 22 21 8 
Chopper 13 55 254 110 118 63 
Notch 24 8 32 15 15 5 
Thumbnail scraper 11 18 32 24 25 4 
Endscraper 8 13 51 20 25 13 
Single sidescraper 1043 11 161 29 32 13 
Double sidescraper 113 14 66 26 28 9 
Multi sidescraper 12 12 35 22 23 6 

Table 32 and Figure 42 shows the minimum, maximum, median and mean edge 

lengths for retouched pieces by class. Awls and notches exhibit minimal retouch on the 

side edges, with mean lengths of 14 mm and 15 mm, respectively. Next shortest are edges 

on points, with a mean of 21 mm. Multi-sided scrapers, end scrapers and thumbnail 

scrapers were also not extensively retouched, with the mean lengths of 23 mm, 25 mm and 

25 mm, respectively. Within the side scrapers, the general trend is that the more edges a 

tool possesses, the shorter the length of each edge. Chopper-chopping tools exhibit the 
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maximum retouch length, with a mean of 118 mm. However, there is considerable 

variation in edge length within this group, evidenced by a standard deviation of 63 mm. 

Table 33 Edge Length for Single Sidescrapers by Edge Shape Group 
Edge Shape N Minimum Maximum Median Mean S.D. 
Straight 514 11 71 27 28 9 
Convex 409 16 161 35 39 15 
Concave 120 14 54 25 26 8 

Table 33 and Figure 43 shows edge length for single sidescrapers by edge shape 

groups. Pieces with convex edges display longer retouched edges and show greater 

variation in edge lengths than the other two groups. Pieces with concave edges display 

the shortest edges in this class. 

Invasiveness 

The invasiveness of retouch is shown in Figure 44. The distribution is more-or-less 

continuous and unimodal, although there could be two peaks. Values for retouch 

invasiveness on scrapers and chopper-chopping tools are presented in Table 34. It is 

clear that the measurements are very similar among the scrapers, except that the straight-

edged sidescrapers possess slightly more invasive retouch (with a mean of 12 mm) than 

other groups. In general, the scrapers are only marginally modified in their working 

edges, with a retouch invasiveness mean of less than 10 mm. In contrast, the chopper-

chopping tools are more invasively modified, with an invasiveness mean of 29 millimeters. 

The more invasive retouch and larger sizes are among the major features of chopper-

chopping tools that separate them fi-om scrapers. 
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Table 34 Retouch Invasiveness for Tools by Class 
Class N Minimum Maximum Median Mean SD 
chopper-chopping tools 
endscrapers 
thumbnail scrapers 
straight sing sidescrapers 
convex single sidescrapers 
concave single sidescrapers 
double-edged scrapers 

13 9 55 30 29 12 
8 3 13 8 8 4 

12 7 13 9 9 2 
514 2 27 8 9 4 
409 3 33 12 12 5 
120 3 21 9 9 4 
113 3 21 7 8 4 

Edge shape 

Edge shape is a major determinant of tool type, especially the subdivisions of 

scrapers. Three edge shape groups have been identified for sidescrapers: straight (514 

pieces), convex (409), and concave (120). In order to conceive and present edge shape 

variation accurately, the Shape Index (SI) created by Barton (1988) was adopted in this 

study. As defined by Barton (1988: 61, 113), SI was created fi'om the reciprocal of the 

radius of curvature of edges. The reciprocal was used in order to represent edge shapes as 

the amount of positive (for convex) or negative (for concave) deviation fi^om a straight 

edge (see Appendix for description and formula for SI). 

Figure 45 shows the distribution of Shape Index for single sidescrapers. The 

distribution of SI is continuous and unimodal, indicating that such edge shape variations 

might occur naturally, probably as a function of the morphology of the original blank. 

Thus the different edge shape groups do not necessarily represent discrete functional tool 

types. 
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Profile 

There is no precise way to classiiy and present retouched edge profiles. Locality 15 

tools are roughly divided into fiaur edge profile groups; even, sub-denticulate, denticulate, 

and irregular. "Even" was used to describe edges that are smooth, resulting fi-om shallow 

and continuos retouch. "Denticulate" was applied to edges that exhibit regular, 

continuous and deep notches. "Sub-denticulate" is an edge form that exhibits notches that 

are not regularly distributed. The term "irregular" is self-evident. 

Table 35 Edge Profile Frequencies for Tools by Class 
Edge Profile Even Sub-denticulate Denticulate Irregular 
Tool Class N % N % N % N % 
choppers 7 0.5 6 0.4 
endscrapers 7 0.5 1 0.1 
thumbnail scrapers 12 0.9 
single sidescrapers 514 38.4 118 8.8 39 2.9 372 27.8 
double scrapers 113 8.4 25 1.9 18 1.3 69 5.2 
multiple scrapers 21 1.6 2 0.1 15 l . l  
All 674 50.3 144 10.8 59 4.4 462 34.5 

Table 35 shows edge Profile fi-equencies by tool class. For all retouch edges, more 

than half (50.3%) are even and straight, 34.5% are irregular, 10.8% are sub-denticulate, 

and only 4.4% are regular-denticulate in form. Almost all of the endscrapers and 

thumbnail scrapers possess even edge forms, while chopper-chopping tools are divided 

almost evenly into two extreme forms, even and irregular. 

Relationships Between Edge Attributes 

Various examinations of bivariate relationships between edge attributes are 

conducted to search for possible explanations for some patterns of edge variability. The 
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tested bivariate attributes include edge length and blank length, edge length and edge 

angle, edge length and retouch invasiveness, edge angle and retouch invasiveness, edge 

angle and artifact size, retouch invasiveness and artifact size, edge shape and invasiveness, 

and edge shape and edge angle. 

Figure 46 is a scatterplot of edge angle and retouch invasiveness. Although these 

two attributes do not form a linear relationship, almost all points lie above a line drawn 

from the lower left comer to the upper right comer of the plot. This might suggest that 

there is a limit to the minimum edge angle that could be achieved with a given degree of 

retouch invasiveness. 

Weak linear relationships were found between edge length and blank length (Figure 

47), invasiveness and blank length (Figure 48), and edge length and invasiveness (Figure 

49), indicating that the larger piece have longer edges and more invasive retouch. No 

other strong covariance between edge and blank attributes (either positive or negative) can 

be found. The lack of strong bivariate correlation suggests that variability in different 

edge attributes is mostly independent, rather than being closely causally related (Figures 

50-53). 
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CHAPTER 7 
RAW MATERIAL ECONOMY 

Lithic raw material is the most important means of production for Pleistocene 

hominids. The availability and quality of raw material, the ability to exploit the raw 

material, and the rate at which raw material was consumed all represent substantial 

limiting factors for hominid adaptations and the nature of lithic technology. 

Table 36 Raw Material Frequencies for Artifacts by Class 
Material quartz igneous crystal flint sandstone quartzite 
Class N % N % N % N % N % N 
core 126 1.8 2 1 1 
flake 393 5.7 113 1.6 15 0.2 9 0.1 
bipolar 86 1.3 1 
hammer 5 0.1 2 
chunk 4730 68.9 32 0.5 66 1.0 I 
tool 1198 17.4 54 0.8 14 0.2 12 0.2 4 0.1 1 
Total 6533 95.2 204 3.0 81 1.2 30 0.4 16 0.2 2 

7.1 RAW MATERIAL VARIABILITY AND EXPLOITATION STRATEGY 

Raw Material Utilized at the Site 

Table 36 is a summary of stone raw material utilization at Locality 15. Six lithic raw 

material types are recognized at the site, namely vein quartz, igneous materials, rock 

crystal, flint, sandstone, and quartzite. The overwhelming majority (95.2%) of the 

artifacts were made on quartz; other materials altogether make up only less than 5%. 

Among the minority raw material group, igneous rock is most abundant (204 pieces or 3% 

of the assemblage), followed by crystal (81 pieces or 1.2%). Only 30 pieces on flint, 16 

pieces on sandstone, and 2 pieces on quartzite were collected at the site. 
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Strategies for Exploiting Different Raw Materials 

A major concern for raw material economy in this study is whether different raw 

materials were treated or handled differently, and if they were, what were the strategies 

and resulting effect? 

An examination of raw material distribution in various artifact classes provides some 

clues. Quartz is the major material used to produce cores, flakes, and tools. Both direct 

hammer percussion and bipolar flaking were applied to this kind of material. No cores and 

flakes by hammer-percussion were collected for crystal. Only one piece of bipolar 

fragment on crystal was recognized, which made crystal and quartz the only two material 

types on which bipolar flaking had been applied. Igneous rocks, flint and sandstone share 

some common features: only 2 cores (flint) were collected for the non-quartz materials; a 

much smaller proportion of debris were found from these material compared to quartz; 

and flakes on these non-quartz materials are more regular and bigger. These might 

indicate that most flakes on flint, igneous rocks and sandstone were not produced at the 

site; instead, they were detached at other spots and the selected materials were then 

brought to the site. 

Raw material frequencies were also examined for tools by class, presented in Table 

37. More than 93.4% of the retouched pieces were produced on quartz. This material 

was used to make all kinds of tools except for cleavers. More than 4% of the tools were 

produced on igneous material, including burins, chopper-chopping tools, cleavers, 

notches, and sidescrapers. Fourteen pieces were made on crystal, including burin, naii-

shaped scraper, and sidescrapers, 12 tools were fabricated in flint, all sidescrapers. The 4 



160 

sandstone pieces are chopper-chopping tools. Only 1 retouched piece (a cleaver) was 

made of quartzite. Such statistics indicate that hominids at the site had the ability to select 

different materials to produced a variety of implements, but tended overwhelmingly to use 

quartz. 

Table 37 Raw Material Frequencies for Tools by Class 
Material quartz igneous crystal flint sandstone quartzite 
Class N % N % N % N % N % N 
awl 5 0.4 
burin 14 1.1 2 0.2 1 l . I  
chopper 4 0.3 5 0.4 4 0.3 
cleaver 2 0.2 1 
notch 22 1.7 2 0.2 
point 10 0.8 
end scraper 8 0.6 
thumbnail 11 0.9 1 0.1 
single scraper 998 77.9 29 2.3 9 0.7 7 0.5 
double scraper 93 7.3 12 0.9 3 0.2 5 0.4 
multi scraper 11 0.9 1 0.1 
irregular 20 1.6 1 0.1 
TOTAL 1196 93.4 54 4.2 14 1.1 12 0.9 4 0.3 1 

Table 38 Percentage of Wasted Materials by Raw Material Types 
Raw material quartz igneous crystal flint sandstone 
N waste 4942 32 67 3 5 
N tool 1198 54 14 12 16 
% waste 80.5 37.2 82.7 20.0 23.8 

The percentage of wasted material is calculated in Table 38. The assumed "waste 

material" include cores, bipolar fragments, and chunk fragments. Flakes were treated as 

"neutral" and not included in the calculation because some of them could be potential tool 

blanks or could have been used in their natural condition. It is clear that crystal (82.7%) 

and quartz (80.5%) are the most wasted materials. There is far less waste for igneous 
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rocks, sandstone and flint. Quartzite is not included because of its insignificant sample 

size. 

There could be two explanations for different waste ratios for quartz/crystal and 

other materials. The most obvious one rests on the quality of those materials, a topic that 

will be covered later. The other possible explanation is that the quartz/crystal artifacts 

were mainly made at the site, so that the wasted materials or by-products are present at 

the site. Other materials may have been carried to the site, especially as flakes or tools, so 

that cores, flake fragments and chunks are not present at the site. Figures 54 shows 

comparison of length means for flakes of quartz, igneous material, flint, and sandstone. It 

is clear that most of the non-quartz flakes are larger than the quartz flakes, probably 

because that these non-quartz materials were selected before they were transported to the 

site from where they were produced. 

An approach Minimal Nodule Analysis (Kelly 1985) has been applied to examine 

the minority raw material group. Non quartz materials were sorted into minimal groups 

based on color and texture similarities in order to explore reduction technologies applied 

to different raw material and the degree to which different materials were consumed. 

Refitting for these material groups was attempted. No conjoins were found, an indication 

that those materials may not have been originally processed on the spot. However, the 

application of such approaches is impeded by the incompleteness of the collection, making 

the analysis short of conclusive. 
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7.2 RAW MATERIAL DISTRIBUTION, AVAILABILITY, AND QUALITY 

The study of raw material economy has emphasized a great deal on the cost of 

obtaining raw material. Such cost is believed to vary as a function of three major factors: 

the distribution of lithic material sources, the movement of hominid groups relative to such 

sources, and the scheduling of labor investment in foraging (Kuhn 1995). 

Most of the lithic materials exploited at Locality 15 and other Zhoukoudian 

localities were available in the landscape close to the site. As mentioned in Chapter 2, 

Longgushan and the larger Xishan are composed of various rock types, including 

quartzite, limestone, sandstone, and slates. The weathered outcrops at the hills and the 

river beds of the Zhoukou River provided a ready source for hominids to find and select 

the stone materials they needed for making their tools. A gravel layer in the Zhoukou 

River Terrace, the so-called "the Lower Gravel", formed during the Middle Pleistocene, is 

rich in various kinds of rounded stones and is believed to be one of the principal raw 

material sources for Zhoukoudian hominids (Pie and Zhang 1985). Several surveys on the 

distribution of suitable stone materials were conducted in the area of Zhoukoudian in the 

past. Nodules of vein quartz, quartzite, igneous rock, and sandstone were easily 

encountered. Rock crystals were found in a granite area about 5 km north of the site. A 

few exotic materials, such as flint and agate, could not been easily located near the site. 

However, such materials make up only a tiny proportion of the assemblage, and they were 

probably procured as small isolated nodules in stream beds around Zhoukoudian. It has 

been estimated that an area with a radius of 5 kilometers is all the Zhoukoudian hominids 

needed for lithic raw material exploration (Pei £Uid Zhang 1985: 18). 
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Quantity is one thing, quality is quite another. While numerous stones can been 

easily obtained close to the site, materials with high quality/workability are very scarce in 

the region. Quality may be assessed in terms of both the nature of conchoidal fracture and 

the range of size and shape in which the material is found. In general, the conchoidal 

fracture of the dominant raw material types at the site, namely vein quartz and rock 

crystal, is very poor and thus limits the number of usable flakes that can be detached from 

any one core. Quartz tends to fracture along structural planes and thus makes it difficult 

for the toolmaker to control for the size and shape of the flakes detached from it. Lithic 

analysts and modem flint-knappers have suggested that quartz and coarse-grained 

quartzite are intractable and undesirable lithic materials for stone tool manufacture 

(Maloney e/a/. 1988). 

To sum up, raw materials available to the Zhoukoudian hominids combine 

abundance and low quality. The cost of obtaining raw material and using them to produce 

stone tools was balanced by these two conflicting factors, which in turn had strong effect 

on the nature of lithic technology at the site. 

7.3 THE SELECTION OF TOOL BLANKS 

The purpose of initial raw material reduction is to produce blanks that could be 

further worked into tools. The selection and characteristics of tool blanks, and the degree 

to which those blanks were consumed should furnish important information on raw 

material economy and adaptive strategies. Table 39 presents frequencies of tool blanks 

used by various tool classes. They include flake fragments, flakes, chunks, blades, bipolar 

fragments, and pebbles. It is clear that over half (54%) of the tools were made on flake 
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fragments. Tools made on chunks are second-most abundant (25%). Thirteen percent of 

the retouched pieces were produced on complete flakes. Only one retouched piece was a 

modified bipolar fragment. It should be pointed out that some pieces in the flake 

fragments and chunk categories might actually be bipolar fragments that do not exhibit 

obvious bipolar attributes. Therefore, the actual number of tools made on bipolar 

fragments could be much higher than the number presented here. 

Table 39 Tool Blank Frequencies by Class 
Class s-sc d-sc m-sc clea chop point notch awl burin total % 
f-frag 560 80 9 3 15 1 17 685 54 
chunk 299 4 2 3 5 5 3 321 25 
flake 129 25 3 1 1 3 1 163 13 
pebble 64 4 9 1 78 6 
blade 11 1 12 1 
bipolar I 1 0 
total 1063 113 12 3 13 10 24 5 17 1260 100 
f-frag; flake fragments; c-frag; chunk fragments; s-sc: single sidescrapers; d-sc; double 
sidescrapers: m-sc; multiple sidescrapers; clea; cleavers; chop; chopper-chopping tools. 

7.4 CONSUMPTION OF RAW MATERIAL 

An important aspect of raw material economy is the degree to which artifacts were 

consumed, that is, modified, reduced, reused, resharpened, and exhausted. Several kinds 

of measures can be used to assess the extent to which a piece of raw material or raw 

materials as a whole was consumed. 

Extent of Core Reduction 

Core reduction intensity was examined by the ratio of simple, minimally worked or 

tested cores to extensively worked cores. In the case of Locality 15 assemblage, I have 

used the ratio of simple cores (23 pieces) to the combination of discoid (33 pieces) and 
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polyhedral (74 pieces) cores. A ratio of 1; 4.7 means that there are far more extensively 

consumed cores than minimally worked or tested cores. 

Raw Material Use Intensity 

A major measure of raw material use intensity is the ratio of unmodified flakes to 

retouched tools. Such as ratio would provide a rough estimate of the number of flakes 

actually used out of the total flakes produced as tool blanks (Gamble 1986; Rolland and 

Dibble 1990; Kuhn 1995). 

A totally of 530 unretouched whole flakes and flake fi'agments were collected fi^om 

Locality 15, and 848 tools retouched on flakes and flake fragments were identified. The 

ratio of unmodified flakes and flake fi'agments to retouched flake and flake fragments is 

1:1.6. 

Table 40 Dimensional Comparison between Unretouched Flakes and 
Length Width Thic cness Weight 

Flake Tool Flake Tool Flake Tool Flake Tool 
N of cases 439 163 439 163 435 163 435 163 
Minimum 11 19 12 15 3 5 I 3 
Maximum 160 213 175 156 45 52 521 1038 
Mean 36 40 34 32 12 14 21 33 
Standard D. 16 23 17 18 5 7 36 137 

lake Tools 

The length, width, thickness and weight of flakes and flake tools were compared 

(Table 40) to see if size was a factor in the choice of tool blanks. It is clear that the 

unretouched flakes as a group is slightly smaller than the retouched pieces. So it is 

possible that some flakes were not selected to be further modified into tools because of 
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their size. However, size cannot account for all the flakes that seem to be "wasted". 

Figures 16 and 17 illustrate that many of the flakes are in usable or workable size. 

The shape of the flakes cannot be used to explain the existence of these unretouched 

flakes, either. There are certainly some flakes in a shape that prevent them from being 

further modified. However, many of the flakes have more or less regular morphology and 

sharp natural edges that could be easily converted into tools. Pieces with abrupt 

termination at lateral sides or distal end is not very common; about 40 such cases were 

encountered. 

There are two possible explanations for the presence of many unretouched flakes at 

the site. One is that the large number of flake and chunk fragments at the site provided 

more usable tool blanks than the whole flakes. Based on Table 39, 685 tools were 

modified on flake fragments, another 321 pieces were fabricated on chunks, compared to 

only 163 pieces made on whole flakes. The poor quality or workability of the principal 

raw material could explain the scarcity of whole flakes and the abundance of flake and 

chunk fragments. Some of such fragments might be thin and sharp, and thus were selected 

by hominids to make tools. 

A more plausible explanation is that, although many flakes were not retouched, 

pieces with natural sharp edges might have been used directly as tools, rather than being 

modified. Experimentation and use-wear analysis reveal that stone flakes in their natural 

condition can be very useful and efficient for many tasks (Keeley 1980; Keeley and Toth 

1981; Toth 1985). My personal experiences in using flakes and flake tools made on local 

materials (mainly quartz) to dismember a goat in a lithic workshop conducted at 
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Zhoukoudian in 1992 assures me that unmodified stone flakes function very well as 

cutting tools. In fact, the flakes were the primary tools produced and used in the 

experiment. Retouch or modification did not seem necessary to the participants in the 

experiment until flakes became blunt or had too much grease coating them. 

"Utilized flakes" have been recognized in many Paleolithic sites, both in China and 

other parts of the Old World. However, it is always difficult to test if a piece of 

unretouched flake has been used or not, especially with coarse-grained materials that 

prevent them from being analyzed for use-wear. Among the flakes fi^om Locality 15, 66 

pieces exhibit damage scars. Because those samples were not collected with intention of 

protecting the edges, use-wear examination on them will not be very meaningfiil. 

The Index of Retouch Length 

In order to assess the extent of retouch on the blank, an index of retouch length was 

created for the modified tools. The index of retouch length is simply the ratio of retouch 

length or edge length to the whole length of the margin at which retouch was located. 

The margin length was measured only for the part that has the condition and potential to 

be retouched into working edge. The idea is that if a portion of the workable margin was 

not modified, it was because that the tool maker intended to leave it in its natural state, 

not because the physical condition of the blank prevented him or her fi'om finishing the 

job. The larger the retouch index, the more complete the retouch, thus the more 

intensively a piece of raw material was modified. An index of 1 would indicate the whole 

workable margin length was retouched, and that retouch of that margin was thorough and 

complete. Only scrapers are included in this analysis. Table 41 presents the summary 
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statistics for index of retouch length. While some pieces were only minimally or partially 

retouched, an index mean of 0.89 indicates that for most of the scrapers, a large 

proportion (almost 90%) of the workable margin was retouched into a workable edge. A 

visual presentation of retouch length index can be found in Figure 55. The result testifies 

that most of the tools at the site were intensively modified, at least at one workable 

margin. No significant difference was found on retouch margin among different raw 

material groups. 

Table 41 Summery Statistics for Index of Retouch Length 
N of cases Minimum Maximum Mean Standard Dev 

954 0.10 1.00 0.89 0.17 

The Index of Sharpening 

An index of sharpening or resharpening developed by Kuhn (1990, 1995) was 

adopted in this study. This index estimates the amount of material removed by primary 

retouch or resharpening fi-om the original blank. A flake blank was idealized as triangular 

in cross-section and thickest in the center. During the process of retouch or sharpening, 

the edge would move toward the central ridge of the blank. An index calculated as the 

ratio of the edge thickness to piece thickness at the central ridge (in practice, the 

maximum thickness of the blank was used) would indicate how close the modification 

came to the ventral ridge: the larger the index, the closer the retouch scars moved to the 

central ridge, and the more complete and extensive the modification carried out. An index 

of 1 would indicate that retouch scars had reached the central ridge of the flake (See 
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Appendix for detailed description and formula for the index of sharpening). Only scrapers 

made on flakes are included in this analysis. 

Table 42 Summery Statistics for Index of Sharpening 
N of cases Minimum Maximum Median Mean Standard Dev 

125 " 0.25 IJOO 0^64 " 0.66 " 0.22 

Table 42 shows the summary statistics for index of sharpening. An index mean of 

0.66 indicates that most the flake tools were retouched to a moderate extent. Figure 56 is 

a visual presentation the result. It is clear that the majority of the pieces have the index 

between 0.4 to 0.8. The number for pieces with an index of 1.0 is exaggerated, for some 

pieces with an index larger than 1, probably as the result of combined error in the three 

measurements used in the calculation, were converted to 1.0 for the test. 

A high index of retouch lenph and a relatively low index of sharpening indicate that 

while hominids at Locality 15 intended to make use of the lateral margin of a piece of 

blank as much as possible, they did not put much effort to rework their tool edges, a 

conclusion that is also supported by the fact that the overwhelming majority of the tools at 

the site exhibit only one retouch layer. A possible explanation is that it is easier and more 

eflficient to pick up a suitable piece of material, make use of its sharp edge or apply 

primary retouch to its lateral side to make a working edge, than to resharpen the worn 

edge on a used tool, provided that raw materials or tool-making potentials are abundant at 

the site. 
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The Number of Retouched Edges 

When tool edge wore out, stone tool makers might have several options to solve the 

problem. They could resharpen or rework the worn edge; create another edge or edges on 

the piece, or they could just abandon it and make a new tool. It is generally accepted that 

fresh and large tools are more desirable or usable, whereas extensively consumed and 

small ones would present some functional disadvantage (Kuhn 1995). One factor 

underlying the selection of certain options would be the cost of raw material procurement. 

If raw material is abundant, making new tools would be the first choice. If raw material is 

scarce or costly to obtain, the priority would be reworking the used tools, either by 

resharpening the worn edge, or creating new edges on the pieces, or both. Thus the 

number of retouched edges should be an direct indication of raw material economy. 

The 1,188 scrapers collected fi-om Locality 15 preserve a total of 1,313 retouched 

edges. The large majority of the pieces (1,063 pieces) are single-edged tools; 113 pieces 

have two edges; and only 12 pieces possess three or more edges. The ratio of single-

edged pieces to multi-edged ones is 8.5:1. Such a high ratio means that in general, 

hominids at the site chose to replace the worn tools with new ones rather than reworking 

the used pieces. An analysis on the number of retouched edges on different materials 

reveals that these raw materials were not treated the same way. The ratio of single-edged 

pieces to multi-edged ones is 9.6:1 for quartz, 3:1 for crystal, 2.2:1 for igneous material, 

and 1.4:1 for flint, meaning that the non-quartz materials were more extensively consumed 

than vein quartz, an indication that hominids at the site would favor better quality raw 

materials when they were available. 
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7.5 DISCUSSION: TECHNOLOGY ORGANIZATION AND ADAPTATION 

From the perspective of raw material economy, the Locality 15 assemblage can be 

summarized as the follows; 

• Haw material exploited at the site was locally available and was predominantly 

quartz. 

•The available raw material at the site is characterized by high abundance and low 

quality. Although better materials like igneous nodules, sandstone and flint were present, 

they make up only a small minority of the total assemblage. 

•The extent of raw material consumption in general is low, evidenced by the 

predominance of wasted debitage or chunk fragments and the minimal modification on 

many retouched pieces. 

•Many flakes were not modified although some of them could have been utilized 

directly. 

•Different strategies were involved in dealing with different raw materials. Quartz 

and rock crystal were processed at the site, and other materials may have been flaked 

somewhere else and selected materials brought into the cave. The amount of waste quartz 

and rock crystal is far higher than that for other materials. Quartz and crystal were less 

extensively consumed than other materials. However, within the quartz group, pieces 

with higher workability were exploited extensively, such as small and heavily worked 

discoid and polyhedral cores and tools retouched on the entire workable margins. 
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In the past two decades. Paleolithic studies have largely moved away from stylistic 

and functional analyses to the study of lithic technological organization and variability. 

Three important factors operating at a regional scale have been identified as contributing 

greatly to the structure of the observed assemblage variability: the availability of raw 

material and the strategies by which it was procured; the particular activities in which the 

tools were made and used; and the role of the sites within a settlement or mobility system 

(Milliken 1998). Various ethnoarchaeological and experimental models have been applied 

to the Paleolithic remains with the hope that those models would provide heuristic insights 

and explanations for Pleistocene hominid life-ways, adaptive strategies, and lithic 

assemblage variation. 

Based on his ethnoarchaeological studies, Binford (1977, 1979, 1980) suggested 

that settlement organization places the most fundamental constraints on the lithic 

technology. He believed that lithic technologies may be organized along a continuum 

ranging from curation to expediency in response to mobility patterns. Curated tools are 

formal, designed in anticipation of use, well made and maintained, useful in a variety of 

tasks, transported from location to location and recycled to other tasks when no longer 

functional for their original purpose. The idea behind curated technology is to maximize 

or economize the exploitation of raw material in hand. Expedient technology produces 

tools that are informal, unstandardized, simple, and made with minimal efforts and used 

for a relatively short time period, thus is wasteful with regard to raw material. It is 

believed that curated technology is generally associated with mobile population to cope 

with raw material shortage in a new territory and to economize raw material utility, while 
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expedient technology is identified with sedentary populations who do not have to expend 

extra effort in the production of formal tools (Binford 1977, 1979). Most of the stone 

artifacts from Locality 15 should be classified as expedient tools judging from their 

informal and simple character and minimal modification. A more or less sedentary 

settlement pattern inferred by an expedient technology at the site is in accordance with the 

setting of the site and the lithic-faunal materials unearthed from it. 

Kuhn (1995: 31) has introduced the notion of technological provisioning to the 

study of stone technology organization recently, believing that it can "serve as a kind of 

link between subsistence, land use, and technology". "Provisioning" is defined as 

crosscutting the terms "curation" and expediency" and referring to the depth of planing in 

artifact production, transport, maintenance, and the strategies by which potential needs are 

met. Two alternative strategies of provisioning are identified in association with 

contrasting costs and benefits. One is called provisioning individuals—that is, to equip 

individual hunter-gatherers with a necessary toolkit. The other is termed provisioning of 

places—that is, to supply the places where tools are likely to be needed with tool making 

materials. Artifacts for provisioning individuals should be light, versatile, and general-

purpose finished tools, and subject to extensive modification, resharpening, and reuse— 

characteristics that are most often associated with curated tools. Artifacts for provisioning 

places are mainly raw materials and cores. As a result of raw material accumulation and 

reduction on the spot, those places are often filled with wasted materials, unretouched 

pieces, and tools with minimal modification—such characters are often used to label 

artifacts produced by an expedient technology. The provisioning individual strategy is 
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believed to be adopted commonly by mobile populations while the strategy of 

provisioning of places is associated with more stable settlement conditions. 

The Locality 15 lithic assemblage clearly fits the description of the strategy of 

provisioning the site. That is, tool making potential (raw materials and cores) were 

brought in the site, and reduction and manufacture were carried out on the spot. Kuhn 

emphasizes that technological provisioning strategies are not mutually exclusive. That is, 

a hominid group could perform different provisioning strategies as a function of the 

change of foraging locations or the duration of stay in certain places. In the case of 

Locality 15, it is quite possible that both strategies were used by the occupants of the 

sits—that is, while the site itself was provisioned with lithic materials, individuals on the 

mission of foraging away from the site were provisioned with certain tools. Still another 

possibility exists. The site itself, as the home base or the center for tool manufacture and 

food processing, was only one of several places provisioned with lithic materials. Other 

places might have been equipped with more specialized materials, such as heavy-duty tools 

near a water hole where animals were hunted. The presence of three large cleavers and a 

few large flakes testifies that hominids at the site had the ability to make such heavy-duty 

tools. Such large and heavy tools would not be good candidates to be carried around 

according to the principle of provisioning individuals. Instead, they should be used to 

provision places where they would be needed frequently. Such a hypothesis can be tested 

if more sites and materials are discovered in other types of localities. 

The notion of curated and expedient technologies primarily as a function of land-use 

or mobility pattern is questioned by some researchers for its lack of consideration of raw 



175 

material availability and quality (e.g. Bamforth 1986; Marks 1988). It has been argued 

that raw material availability is the primary factor in determining the characteristics of a 

stone artifact assemblage (Andrefsky 1994), and that the intensity of artifact reduction is 

closely related to raw material constraints (Rolland and Dibble 1990). In general, the 

scarcer the raw material, the more artifacts are reduced (Miller-Antonio 1992). 

The quality of the available raw material also conditions the reduction of the 

material and the features of an assemblage. Andrefsky (1994) develops a model of lithic 

technological organization based on both the abundance and quality of raw material. In 

this model, poor-quality raw material is expected to be manufactured into informal tools. 

Raw material of high quality and low abundance tends to be used to produce formal tools. 

Material with high quality and high abundance can lead to both formal and informal tools. 

Other factors, such as mobility pattern, are believed to be less important in determining the 

character of a lithic assemblage. The Locality 15 lithic industry certainly fits the pattern of 

poor quality raw material leading to informal stone tools. 
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CHAPTER 8 
THE LOCALITY 15 INDUSTRY AND 

PALEOLITHIC CULTURAL TRADITIONS IN NORTH CHINA 

8.1 LOCALITY 15 AND LOCALITY 1; ONE CULTURAL COMPLEX? 

Since the discovery of the site, a major concern of the study of the Locality 15 lithic 

industry has been its relationship with the assemblage from Locality I. It is generally 

agreed that the assemblages from the two localities are closely related, evidenced by 

similarities in lithic typology, technology, sizes and stylistic features of the artifacts, and 

raw material use. However, researchers differ in the details of such a relationship. Two 

hypotheses have been proposed in this regard; one is that the two localities were actually 

two exposed parts of a giant cave and that the excavated portion of Locality 15 

corresponds to Layers 1-3 of Locality 1 (Jia and Huang 1984, 1990). The other is that 

Locality 15 is younger than Locality 1 and that there is a temporal gap between these two 

localities (Zhang 1987). Geological and chronological studies in earlier chapters of this 

dissertation support the latter view. 

The deposit at Locality 1 is very thick. A long cultural sequence has been identified 

at the site, probably representing a history of intermittent occupation lasting at least 

300,000 years. Considerable change or development has been recognized in lithic 

technology at the site from lower to upper levels (Pei and Zhang 1985; Zhang 1989). 

Rather than treating Locality 1 as a single entity or event, the following analysis compares 

the Locality 15 and the upper horizons (Layers 3-1) of Locality 1. 
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Table 43 Frequencies and Raw Material for Artifacts by Class from Localilj;^ 1 
Class core flake bipolar hammer anvil tool spheroid chunk Total 
quartz 5 128 565 368 2 2121 3189 
crystal 3 27 30 33 93 
flint 1 53 8 40 35 137 
sandstone 4 8 6 1 9 10 36 
igneous 2 7 2 1 9 6 27 
quartzite 2 2 
Total 12 199 600 8 2 456 2 2205 3484 

Table 44 Frequencies and Raw Material for Tools by Class from Locali^ 1 
Class s-scra d-scra m-scra e-scra point awl burin chopper Total 
Quartz 216 23 19 35 42 9 13 11 368 
Crystal 14 3 7 2 4 30 
Flint 10 7 10 3 5 2 3 40 
Sandstone 1 1 7 9 
Igneous 2 2 3 1 1 9 
Total 243 33 32 41 55 13 17 22 456 

According to Pei and Zhang (1985), 3484 lithic artifacts from Layers 3-1 at Locality 

1, unearthed in 1932, 1933, 1934 and 1966, have been collected. The frequencies of these 

artifacts and raw materials by class are presented in Tables 43 and 44 (Based on Pei and 

Zhang 1985, modified). 

A Comparison of Lithic Typology 

A glance at Tables 9, 21, 43, and 44 makes it clear that artifact classification for the 

two assemblages are very similar, though minor differences exist. At both sites, "waste" 

materials predominate. Within the retouched tool category, the sidescraper takes 

dominant position, and most of the sidescrapers were modified on one edge. 

The major typological difference in the two assemblages is that cleavers, few but 

noticeable at Locality 15, never appeared at Locality 1. The notches, classified as a tool 
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type at locality 15, was not recognized in the Locality 1 assemblage. However, such 

notched specimens do exist in the Locality 1 collection according to the scholar who 

studies the Locality 1 artifacts, though their frequencies are unclear (Zhang Senshui, 

personal communication). Scrapers account for more of the retouched tools at Locality 

15 comparing to Locality 1 whereas fewer points and chopper-chopping tools were 

recognized at Locality 15 (see Table 45). It is important to notice that both the Locality 

15 and Locality 1 collections are incomplete, and artifact classifications of the two 

collections were done by different individuals. Therefore, some minor differences might 

have resulted from the incompleteness of the collections and researchers' personal bias, 

and thus should not be given too much weight. 

Table 45 Comparison between Locality 15 and Locality 1 Collections 
Observations Locality 1 (Layers 1-3) _ Locality 15 
% of bipolar fragments among core-flakes 74.0 11.7 
% of debitage in the assemblage 63.7 70.3 
% of quartz among tools 80.7 93.4 
% of flint among tools 8.8 0.9 
% of scraper among tools 76.5 92.6 
% of point among tools 12.1 0.8 
% of chopper-chopping tools among tools 4.8 1.0 
% of scrapers with more than one edge 18.6 10.5 

A Comparison of Core Reduction Technology 

Direct hard hammer percussion, bipolar flaking, and possibly block-on-block 

technique were used as means of core reduction at both localities. A striking difference 

involves the importance of direct hammer percussion and bipolar flaking in these two 

assemblages. At Locality 15, 88.3% of the cores and flakes resulted from direct hammer 
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percussion, and only 11.7% are bipolar fragments. At Locality I (Layers 3-1), 26% of the 

cores-flakes were produced by hammer percussion, and 74% were produced by the 

bipolar technique. Bipolar flaking, a dominant mode of core reduction at Locality I, 

played only a supporting role at Locality 15, while direct hammer percussion, which 

played only a minor role at Locality 1, is the principle flaking technique at Locality 15. 

Only 12 direct hammer percussion cores were collected at Locality 1 (Layers 3-1), 

including 7 single-platformed cores and 5 double-platformed cores. According to the 

criterion used in core classification for Locality 15, only one piece from locality 1 can be 

identified as discoid core; the others are all simple cores. The contrasts in the presence of 

direct hammer percussion cores at the two localities may indicate that hominids at Locality 

15 had become more sophisticated in mastering direct hammer percussion technology and 

systematically applied it to produce tool blanks, largely abandoning the more wasteful 

bipolar technique. 

A Comparison of Retouch Technology 

Similar retouch technologies or patterns are found from Locality 1 and locality 15 

collections. All tools are believed to be retouched by direct hard-hammer percussion. A 

few pieces with smooth, parallel and deliberate modification were suggested to indicate 

soft-hammer percussion at Locality 1; similar pieces were also present at Locality 15. Six 

pieces at Locality 1 were identified as being modified by the bipolar technique; only one 

such piece with ambiguous "bipolar retouch" was found at locality 15, following the 

general trend of the decline of the use of bipolar technique from Locality 1 to Locality 15. 

When flakes were used as tool blanks, most of them were retouched on their lateral edges. 
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and most often on the dorsal surface. The modification was normally applied to only the 

edge, other parts of the piece were seldom retouched. Other features of the retouched 

tools from both sites are minimal modification and lack of standardization. 

A Comparison of Raw Material Exploitation 

The same raw materials were exploited at both localities. A major difference is that 

more quartz material was used at Locality 15 for tool manufacture. In all, 93.4% of the 

tools from Locality 15 were made on quartz, compared to 80.7% at Locality 1 (Table 45); 

Less flint was used at Locality 15 (0.9%) than at Locality I (8.8%). The increase in the 

use of quartz and decline of the use of better material, such as flint, in stone tool 

manufacture from Locality 1 to Locality 15 might be explained in two ways: perhaps 

better raw materials were less available due to previous exploitation, so that hominids at 

Locality 15 were forced to use more vein quartz. Alternatively, the mastering of direct 

hard-hammer percussion technology by the Locality 15 hominids enabled them to make 

use of vein quartz more efficiently and successfully, thus spend less time and energy in 

procuring other better quality but more diflficult-to-get materials. 

To sum up. Locality 15 lithic industry exhibits close ties with the industry of 

Locality 1 Layer 3-1. The similarities in lithic typology, stone tool retouch technology, 

raw material utilization, and other features would link the two assemblages into the same 

cultural-technological tradition, indicating hominids at the two localities were exploiting 

similar environmental-ecological conditions and adopted similar adaptive strategies. 

However, the differences in core reduction techniques and raw material consumption 

would argue against placing these two assemblages into a single lithic industry, as some 
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researchers (e.g. Jia and Huang, 1984, 1990) have suggested. Such an assessment is 

supported by the results of geological and chronological studies conducted in earlier 

chapters; there should be a temporal as well as cultural gap between the Locality 1 upper 

horizons and Locality 15. 

8.2 A CRITIQUE OF THE "CHINESE IVIIDDLE PALEOLITfflC" 

The Locality 15 industry has been placed in the very beginning of the Middle 

Paleolithic in China (Qiu 1985, 1989; Zhang 1987). However, typological and 

technological features of the Locality 15 industry do not signal an obvious change or clear 

departure from that of Locality 1 and other Lower Paleolithic assemblages in China. 

The use of a three-stage model in Pleistocene China, particularly the definition of a 

distinct Chinese Middle Paleolithic, has been challenged recently. For instance, Qiu 

(1989) and Zhang (1990) found that lithic assemblages termed "Middle Palaeolithic" in 

China were still crude, and that many of the basic typological and technological stone tool 

characteristics of the previous cultural period existed in the same form in the later cultural 

period. Accordingly, the division of Paleolithic China into three distinct cultural stages is 

not based on archaeological evidence, but rather founded on geochronological grounds 

and associations with archaic Homo sapiens fossil remains (Lin 1996), and thus should be 

reconsidered or revised (Gao 1999). An examination of the "Chinese Middle Paleolithic", 

including the research history and the criteria used for defining Middle Paleolithic 

assemblages in China, is relevant to the assessment of the position of the Locality 15 

industry in the Chinese Paleolithic cultural sequence. 
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A Brief History of Middle Paleolithic Research in China 

The first archaeological sites believed to belong to the Middle Paleolithic were 

Shuidonggou in Ningxia and Salawusu (Sjara-osso-gol) in Inner Mongolia, found and 

excavated by Teilhard and Licent (1924, 1928). Breuil (1928) interpreted the lithic 

material from Shuidonggou as representing a transitional period between the late 

Mousterian and early Upper Paleolithic Aurignacian. The lithic industries of Shuidonggou 

and Salawusu were named jointly the Hetao Culture (Ordos culture in western literature) 

(Pei 1937), and for a long time were considered the sole representative of the Chinese 

Middle Paleolithic. However, subsequent fieldwork at those areas and more sophisticated 

chronological research produced much younger dates for those two sites (Chen et al. 

1984). As a result, they were reassigned to the Upper Paleolithic. 

The vacancy left by the "Hetao Culture" in the Chinese Middle Paleolithic was 

quickly filled by the Dingcun complex. Discovered in 1953 and excavated beginning in 

1954, more than 10 localities came into light along the Fenhe River near Dingcun village 

in North China's Shanxi Province. (Movius 1956; Pei et al. 1958). Since the 1970s, a 

number of newly discovered Paleolithic sites have been assigned to the Chinese Middle 

Paleolithic, raising the total of Middle Paleolithic sites or localities in China to over 40 

(Qiu 1989; Gao 1999). 

Criteria Employed for Defining a Chinese Middle Paleolithic 

Two main criteria have been utilized for defining a distinct Middle Paleolithic in 

China; 1) age of site; and 2) association with archaic Homo sapiens remains. All 

archaeological material dating between the late Middle and the early Upper Pleistocene 
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(ca. 140,000 to 40,000 years ago) are classified Middle Paleolithic. Archaeological 

material found in association with archaic Homo sapiens remains is considered Middle 

Paleolithic. In practice, several methods have been employed to determine the geologic 

age and cultural affinity for a particular site; 

Association with distinct fauna 

A number of Chinese Pleistocene faunal accumulations have been designated type 

assemblages for certain geologic time periods, including Nihewan and Gongwangling 

assemblages for the Lower Pleistocene; Zhoukoudian Locality 1 fauna for the Middle 

Pleistocene; and Salawusu assemblages for the Upper Pleistocene (Pei 1957; Qi 1989; Han 

and Xu 1989). Faunal accumulations from other archaeological and paleontological sites 

are frequently compared with these index assemblages in order to derive relative 

chronological ages. 

There has been considerable debate over the use of biostratigraphic dating in China 

(e.g. Aigner 1972; Han and Xu 1989; Li 1982; Qi 1989). A major problem is that some 

index faunal assemblages are quite large and include taxa that survived for long 

chronological periods, such as the Ailuropoda-Stegodon assemblage in South China (Li 

1982), and the Salawusu assemblage in North China (Gai and Huang 1982). Accordingly, 

biostratigraphic dating caimot provide information on the precise age of the target site. 

Another factor that needs to be considered is formation processes of the site, which could 

have mixed artifacts and faunal materials of different ages. 
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Association with archaic Homo sapiens 

Eleven archaeological sites in China have yielded archaic Homo sapiens fossils, 

including Jinniushan, Miaohoushan, Gezidong, Zhoukoudian Locality 4, Xujiayao Locality 

74093, Dingcun Locality 54:100, Dali, Laochihe, Xiadingjia, Shiziyaa, and Xiaohuidong 

(Wu and Poirier 1995; Wu and Wu 1985). Miaohoushan and Jinniushan were classified as 

the Lower Paleolithic, for they were originally assigned a Middle Pleistocene age based on 

geology and biostratigraphy (Liaoning and Benxi Museum 1986; Chen el al. 1993; Zheng 

and Kang 1994). Archaic H. sapiens were later discovered at these two sites (Zhang 

1981; Wu 1988), but these findings failed to change the original assignments. 

Geologic strata 

It is a common practice in China to compare strata bearing artifacts and hominid 

fossil remains with stratigraphy from already-established geologic units (i.e. index strata 

with known chronometric age). For instance, the early reconstruction of the Zhoukoudian 

chronology were carried out in this way (e.g. Black et al. 1933; Teilhard and Young 

1929). Jia and others (1961) divided Paleolithic industries in Shanxi Province into three 

periods based solely on the geology: 1) Paleolithic cultures from the Red Loess horizon; 

2) Paleolithic cultures from the gravel zone underneath the Yellow Loess; 3) Paleolithic 

cultures from the Yellow Loess horizon. However, these geologic divisions are too 

coarse to distinguish fine variation in hominid behavior and culture. In addition, it is 

difficult to derive precise chronological and/or cultural affinities when the archaeological 

site in question is situated a distance from the index locality. 
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An undesirable consequence of assigning a cultural age to a site based on the 

geology is that if the geologic interpretations are revised, then the cultural designations 

must also be changed. A good example of this problem is the debate over the age of the 

Dingcun site. It was originally assigned to the Lower Paleolithic based on the premise that 

the artifacts came from a geologic unit similar to the Zhoukoudian Locality 1 strata or the 

Red Loess horizon (Pei 1955). A later reassessment of the geologic context situated 

Dingcun in the Yellow Loess Horizon, thus placing it in the Upper Paleolithic (Pei et al. 

1958). The final determination placed Dingcun firmly in the Middle Paleolithic, with a 

consensus reached on its geologic position in the gravel zone directly below the Yellow 

Loess (Pei 1959). 

Absolute dating 

Beginning in the 1970s, a variety of chronometric methods have been applied to 

dating Paleolithic sites in China. In general, the results of the absolute dating methods 

applied to late Middle and early Upper Pleistocene sites correlate with the chronological 

fi-amework established through geologic and biostratigraphic reconstruction (Wang 1989). 

However, in a few instances, the absolute dates have challenged the original cultural 

assignments. For instance, uranium-series dates pushed the Dali and Dingcun sites back to 

230-180 kya and 210-160 kya (Chen ei al. 1984). If these dates are reliable, then these 

two sites belong to the Middle Pleistocene and accordingly, they should be called Lower 

Paleolithic rather than Middle Paleolithic. Guanyindong in Guizhou Province is another 

site with problematical dates. This site has been long regarded as the most important 

Lower Paleolithic site in southern China (Li and Wen 1986; Pei and Zhang 1985). 
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However, several uranium-series dates derived a much younger age for the site, ranging 

from 115 Kya to 57 Kya (Yuan et al. 1986), well within the Middle Paleolithic time range. 

There are a number of limitations with utilizing geologic or biostratigraphic context 

and/or the association with archaic Homo sapiem fossils in defining a distinct Middle 

Paleolithic in China. The crux of the problem is that different criteria are often in 

disagreement. A good example is the dispute over the age of the Yaotougou site. The 

site was originally attributed to the Middle Paleolithic based on the observation that 

artifacts were unearthed from a gravel layer underneath the Yellow Loess. Based on that, 

the researchers questioned the usefulness of using the Salawusu fauna, with which faunal 

remains from the site were associated, as an indicator of a late Upper Pleistocene age (Gai 

and Huang 1982). However, other archaeologists have asserted that the biostratigraphic 

data from Yaotougou suggests a much younger age, placing it in the late Upper 

Pleistocene, and that the original geological assessment for the site was inaccurate (Liu et 

al. 1984; Zhang 1984). Such problems have continually occurred with the interpretations 

of important late Middle and early Upper Pleistocene sites of Zhoukoudian Locality IS, 

Dingcun, Dali, Jinniushan, Miaohoushan, and Guanyindong. 

Nevertheless, geological, paleontological, and chronometric methods can only 

determine the relative and/or absolute age of the site. The archaeological affinities of 

these late Middle-early Upper Pleistocene sites from China must rely on changes in 

archaeological evidence, rather than dating techniques and/or association with certain 

hominid fossils. 
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A Product of Unilinear Evolutionary Thinking and Western Influence 

Why were geological and chronological affinities and associations with certain fauna 

and hominid types, rather than archaeological data, used to partition cultural 

developmental stages in China? 

The development of Paleolithic research in China is closely associated with 

traditional French prehistoric archaeology. The three-stage model, e.g., the Lower, 

Middle, and Upper Paleolithic, was defined by French prehistoric specialists (e.g. Breuil, 

Lartet, and Mortillet) on the French material in the late 19* and early 20*'' centuries. 

These stages were formed to more easily classify artifactual material, representing 

apparent transitions in human cultural development, from simpler to more complex 

(Sackett 1981; Trigger 1989). This model was then brought to China in the early 1920s 

by the French, especially scientists such as Teilhard, Licent, and Breuil. 

The three-stage model was exported to China at a time when the unilinear 

evolutionary approach formed the foundation of paleoanthropological and archaeological 

thinking. The early Chinese researchers, such as Pei Wenzhong, were trained by those 

foreign scholars, and were eager to apply this model to the Chinese materials. However, 

problems arose with such a practice when the Sinanthroptis stone tool industry, not 

comparable to any known western Old World Paleolithic culture, was unearthed at 

Zhoukoudian. Pei (1937) pointed out two main hindrances with comparative studies of 

Paleolithic stone tools from China and western Europe. First, even though there was a 

very complex classification system in Europe, many of the major tool types and associated 

characteristics were not present in China. Second, because of the great geographical 
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distance between the two regions, different trajectories of cultural development probably 

existed. Nevertheless, Pei was still compelled to apply the three-stage model to the 

Chinese Paleolithic record. The solution proposed by Pei and other Chinese researchers 

was to rely on geological information and biostratigraphic data to determine the age of an 

archaeological assemblage, and then to assign it to corresponding cultural stages 

represented by simultaneous Western European Paleolithic industries. 

It is clear that Chinese archaeologists have long realized that the western European-

derived cultural sequence does not really fit the Chinese archaeoiogical discoveries. 

Nevertheless, unilinear evolutionary thinking has prevented them from developing their 

own models to better describe the archaeological data of this vast region. Instead, the 

imported model has been maintained and the archaeological data have been forced to fit 

that model. 

Evaluating Paleolithic Cultural Development in China with Archeological Criteria 

In order to evaluate the Chinese "Middle Paleolithic" as an independent entity, five 

technological, typological and morphological characteristics related to stone tool 

manufacturing were analyzed. 

Raw material procurement 

Throughout the Pleistocene in Africa and western Eurasia, there was a steady trend 

of selecting higher-quality lithic raw material for tool manufacture (Dibble 1991; Otte 

1991). The introduction of exotic raw material at a site would be evidence for transport 

over longer distances or possibly long-distance trade (Binford 1989; Chazan 1997; Kelly 

1995). 
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Until the late Upper Pleistocene in China, only local raw materials were utilized for 

stone tool making. Hominids made no eflfort to procure high-quality raw material, so a 

variety of local stone materials, usually with poor workability, were used. This placed 

certain restrictions on the development and application of more advanced flintknapping 

techniques and the resulting morphology of many of these artifacts remained irregular, 

small, and simple. An exception to the use of poor quality raw material are the Dingcun 

lithic assemblages, which were produced predominantly on local dark homfels, a high 

quality raw material for flintknapping (Pei and Jia 1958). 

Evidence does not exist for specialized exploitation of certain raw materials prior to 

the late Upper Pleistocene. The appearance of some lithic workshops of a late Upper 

Pleistocene-Holocene age, including Dayao in Inner Mongolia, Daguduishan and 

E'maokou in Shanxi province, and Xiqiaoshan in Guangdong Province, signals a change of 

raw material procurement strategies from the early to late periods. 

Core reduction 

A variety of flaking techniques were employed in China during the Pleistocene, 

including hard hammer direct percussion, the bipolar method, and block-on-block 

technique. Prior to the late Upper Pleistocene, core reduction in China remained simple 

and casual, evidenced by simple unidirectional and multidirectional cores, disc cores, 

polyhedral cores, and bipolar cores, without systematic preparation on the face of 

detachment or on the platform. The resulting flakes are usually irregular in morphology 

and small in size. 
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It is not until the late Upper Pleistocene that evidence exists for soft-hammer direct 

percussion, indirect percussion, and pressure flaking for producing blades and 

microblades. Coeval with these new flaking methods is evidence for core reduction 

techniques to produce flakes that are more regular in size and shape. These new core 

reduction methods are present at late Upper Pleistocene sites like Shuidonggou, 

Hutouliang, and Xiachuan (Huang 1989; Li 1993). 

Retouch 

Throughout most of the Paleolithic in China, tools were not extensively retouched 

and the retouch was usually not well controlled. This resulted in the morphology of the 

stone implement being largely determined by the original form of the blank, not by 

secondary modification. Modifications are usually not very extensive, and the cutting 

edges are generally irregular. 

In the late Upper Pleistocene, some lithic assemblages exhibit controlled and 

improved retouch techniques (e.g. soft hammer and pressure flaking), as evidenced by a 

higher level in tool standardization both in terms of morphology and modification. 

Representative assemblages come fi-om Shiyu, Shuidonggou, Xiachuan, Hutouliang and 

many other sites. 

Typology 

Through time, there is an increase in the number of tool types present at Paleolithic 

sites in China. The scraper was the most important tool type in the early part of the 

Paleolithic, with the number of points increasing and the percentage of chopper-chopping 

tools decreasing through time (Zhang 1989, 1990). Nevertheless, it was not until the late 
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Upper Pleistocene where there is a florescence in stone tool types in China. New lithic 

artifact forms that appear or become more important in the late Upper Pleistocene Chinese 

archaeological record include blades, end scrapers, backed knives, bifaces, burins, borers, 

microcores and microblades. In addition, implements made on bone and antler with fine 

workmanship are found at some sites like the Upper Cave at Zhoukoudian and 

Xiaogushan in Liaoning Province (Zhang 1987; Huang 1989, Li 1993). 

Tool blanks 

An increased reliance on flakes to produce lithic implements rather than simple core 

or pebble tools would suggest a change in cultural behavior. The shift from flake to blade 

technologies would signify a similar transition in lithic technology. Determining when 

these shifts took place may potentially shed light on the transition between different 

cultural periods. 

During the Chinese Paleolithic, reliance on flake implements increased gradually 

overtime, while use of core and pebble tools decreased. A detailed analysis of this criteria 

is currently not possible because raw data are not available for many of the Chinese 

Paleolithic assemblages. Based on the current available data, no sharp transition between 

methods of tool blank production appears in the archaeological record until the late Upper 

Pleistocene, where blades and microblades became the major sources of tool blanks. This 

is the first time in Paleolithic China where there is a clear technological transition from 

core-flake to flake-blade technologies. 
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A Two-Stage Cultural Sequence in China 

It should be obvious from this discussion that lithic technology in China exhibits no 

abrupt chzuiges that could warrant the partitioning of cultural developmental stages prior 

to the late Upper Pleistocene. Therefore, instead of adhering to the Western-derived 

three-stage system that does not fit the Chinese archaeological record, a new two-stage 

model to organize the Chinese Paleolithic industries is proposed. That is, the Paleolithic 

of China should be collapsed into two cultural stages; Early and Late Paleolithic. 

The Early Paleolithic began in the Lower Pleistocene, about 1 million years ago 

(Some researchers suggest an even earlier age, ca. 2 million years ago. See Huang 1991; 

Huang et al. 1995; Jin et al. 1999) and ended in the early Upper Pleistocene, 

encompassing the original Lower and Middle Paleolithic periods in China. Lithic 

assemblages assigned to this stage share a number of common features in typology and 

technology, which are summarized as follows; 

1) Only locally available raw materials, usually with poor workability, were 

exploited; 

2) Core reduction was accomplished by a variety of simple flaking methods, 

including direct percussion, the bipolar technique, and block-on-block method, without 

much core or platform preparation; 

3) Most flakes are irregular in morphology and small in size, and many flakes were 

used directly without further modification; 
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4) The majority of retouched tools were simple and casually manufactured, with 

irregular working edges and morphology largely determined by the original shape of the 

blank, not by secondary retouch; 

5) Only a limited number of tool categories were produced, with the most common 

types being scrapers, chopper/chopping tools, and points; 

6) It is difficult distinguishing clear boundaries between different tool morphologies; 

thus, the definition of some tool types remain arbitrary; 

7) Most of the stone tools are small in size, with the exception of heavy-duty 

implements collected from some sites (e.g. picks, cleavers, thick points, and spheroids) 

(Huang, 1993). Handaxes have been identified from a few sites by some researchers (e.g. 

Huang 1987, 1993; Li 1997). However, the classification of these specimens has been 

debated (e.g. Lin, 1994, 1996; Lin and He, 1995). 

The Locality 15 lithic collection certainly fits the description of an Chinese Early 

Paleolithic industry. 

It is not argued here that there was no behavioral change from the Lower 

Pleistocene to early Upper Pleistocene in China. Some significant changes do occur in the 

Chinese Paleolithic stone tool industries prior to the late Upper Pleistocene. For instance, 

the use of the block-on-block method for flake production declined and eventually 

disappeared, direct hard hammer percussion became more developed, with more regular 

flakes produced and an increase in number of flake tools evident; a larger number of stone 

tool types developed as implements with controlled retouch increased (Zhang 1989). 
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However, these developments were gradual rather than abrupt, do not support a division 

between distinct cultural periods. 

The Chinese Late Paleolithic is defined within the late Upper Pleistocene. More 

than 300 localities have been assigned to this period (Li, 1993), but only about twenty 

have been systematically investigated (Huang, 1989). All the sites were dated younger 

than 40,000 BP. 

The major characteristic of the Chinese Late Paleolithic is the diversity of lithic 

assemblages. Late Paleolithic cultures in China can be placed into four distinct groups 

(Huang, 1989; Li, 1993): 

1) The blade technocomplex, represented by the Shuidonggou industry. Major 

artifact types include blade cores, prepared cores, flakes with faceted platforms, triangular 

flakes, sidescrapers, endscrapers, points, borers, gravers and notches. Many of the 

retouched tools exhibit fine craftsmanship. In addition, many of the Shuidonggou artifacts 

are comparable with some stone tool types fi"om the west (Breuil, 1928; Bordes, 1978). 

Two U-series dates, 38,000±2,000 BP and 34,000±2,000 BP, have been published for the 

Shuidonggou Level 1 (Chen et al 1984). Recently some •'•C dates have been obtained 

from the site, suggesting a much younger age (Brantingham 1999). 

2) The microblade technocomplex, represented by Xiachuan, Xueguan, Hutouliang, 

and Caishi. More than 200 Chinese archaeological localities have yielded microblade 

artifacts, ranging from the late Upper Pleistocene to mid-Holocene (Lu 1998). Major 

artifact types include microblade cores, microblades and tools made on microblades, 

sidescrapers, endscrapers, points, backed knives, borers, gravers, and notches. A •''C date 
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of 36,200+3,500-2,500 attained from the lower horizon of the Xiachuan site (Wang 1989) 

is the earliest date for the microblade technocomplex. 

3) The flake technocomplex remains the main tool industry of the Chinese Late 

Paleolithic. In terms of typological and technological characters, these Late Paleolithic 

flake tools resemble those from the earlier cultural periods. These lithic assemblages are 

dominated by small artifacts and have been referred to as the "small tool tradition" (Jia et 

al. 1972; Jia and Huang 1985; Huang 1989) and the "principal lithic industry of North 

China" (Zhang 1990, 1997). The majority of these sites are distributed in northern China, 

with typical sites including Shiyu, Xiaonanhai, Salawusu, and Xiaogushan. 

4) The "^zero-platformed flake" technocomplex is a newly classified lithic industry 

from southwestern China, and is characterized by flakes without platforms and tools made 

on such flakes (Li, 1993). Experimental studies suggest that the "zero-platformed flakes' 

were produced by a unique bipolar method, striking an anvil-supported core by a ridged 

hammerstone at an oblique angle (Zhang 1987: 58-59). Major sites include Maomaodong, 

Baiyanjiaodong, and Chuandong. They were all dated to the late Upper Pleistocene. 

It is the development of the blade and microblade industries in the late Upper 

Pleistocene that signals the break from the long and conservative Paleolithic cultural 

development in China. 

Hypotheses Explaining the Conservative Nature of the Chinese Early Paleolithic 

The main purpose of the new two-stage model is to dispel the impression that there 

are discontinuities in lithic technology prior to the late Upper Pleistocene in China, 

comparable to major subdivisions of the Paleolithic in western Eurasia and Afiica. Two 
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questions arise with regard to this two-stage model in China. First, why did the 

technology of the Chinese Early Paleolithic continue for so long without major changes? 

Second, what brought on the cultural change during the late Upper Pleistocene and what 

were the sources of new technological and typological elements of these new stone tool 

industries? These are major issues in Chinese paleoanthropology that have yet to be 

adequately addressed. 

Various explanations have been proposed for the conservative nature of the Chinese, 

and greater East Asian, Paleolithic record (e.g. Movius 1948, 1969; Aigner 1978, 1981; 

Yi and Clark 1983; Li and Shi 1985; Zhang 1990, 1997; Li 1993; Schick and Dong 1993; 

Pope and Keates 1994; Schick 1994; Lin 1996). The following are a few of the 

hypotheses proposed to explain the slow development of the East Asian Early Paleolithic: 

Isolation of the East Asian hominids from the western Old World 

Movius (1944, 1948, 1969) was the first archaeologist to suggest that East Asian 

hominids became isolated from mainstream human biological evolution and that they 

maintained a primitive technological tradition. This idea has been modified and promoted 

by some Western researchers (e.g. Aigner 1978, 1981; Clark 1992; Luchterhand 1984; 

Pope 1984; Schick 1994), who suggest that natural barriers (e.g. high mountains and 

tropical rain forests of central Asia) prevented biological and cultural interaction between 

the East and West. As a result, the Acheulian and Mousterian technocomplexes never 

reached East Asia. Recently, some Chinese scholars have agreed that the lack of 

information exchange is a possible reason for the conservative nature of North China's 

Paleolithic stone tool industry during most of the Pleistocene (e.g. Zhang 1990: 327). The 
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major problem with this hypothesis is that the existence of natural barriers have not been 

firmly established. 

The poor quality of lithic raw material 

It has been suggested that the lack of suitable stone raw material in China, and 

greater East Asia, prevented the local hominid populations from developing a more 

advanced lithic technology and producing more sophisticated stone tools (Pope and 

Keates 1994; Schick 1994; Zhang 1990). It has even been postulated that the Acheulian 

tradition might have been "fragile," in that a break of one generation in practice, due to the 

lack of suitable raw materials, could have led to its local demise (Schick and Toth 1993; 

Schick 1994). 

Nonlithic tools replaced stone implements 

The hypothesis that nonlithic materials, especially bamboo, were used in East and 

Southeast Asia during the Pleistocene has been proposed by many researchers 

(Boriskovskii 1968; Hutterer 1977; Harrisson 1978; Bordes 1978; Pope 1989; Ciochon et 

al. 1990; Schick and Toth 1993). Pope (1989; Pope and Keates 1994) noted the overlap 

between the projected natural vegetation zone for bamboo and the distribution of Movius" 

chopper-chopping tool tradition, and postulated that it was bamboo that functioned as the 

dominant raw material for cutting tools in this region. This was suggested because it only 

requires simple stone flakes to shape bamboo implements and simple chopper-chopping 

tools to supplement the heavy-duty functions that cannot be fulfilled by nonlithic tools. 

Accordingly, there would be no need to retain a complex Acheulian tool kit in such an 
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environment. Even though this hypothesis might seem plausible, it is difficult to test 

because bamboo does not preserve in the Pleistocene archaeological record. 

Different hominid adaptive strategies in East Asia 

Some archaeologists have argued that the unique environment in Southeast and East 

Asia resulted in different adaptive patterns for the local hominid groups, thus requiring 

different stone toolkits from those of western Eurasia. One hypothesis proposed that 

southeast Asian stone industries were evolved from the Acheulian technocomplex, but the 

heavy duty implements evolved into simple core-flake tools to suit tropical forest 

environments where plant collecting and small animal hunting replaced big game hunting 

as the major food source (Watanabe 1985). Then, after passing through the "filter" of the 

southeast Asian forests, these hominid groups moved northward with these simple core-

flake tools and left them at places like Zhoukoudian (Watanabe 1985: 13-14). 

Overall, it is reasonable to believe that the development of East Asian Paleolithic 

cultures was directly related to the unique ecological and environmental conditions of that 

region, dependent upon either the quality of stone raw materials (a particular problem in 

northern China), the availability of suitable nonlithic materials for tool manufacture (e.g. 

bamboo), and/or a hominid subsistence pattern based upon plant foods and small animals 

(in particular, southern China). Nevertheless, these hypotheses are yet to be tested. 

Possible Sources for the Development of Chinese Late Paleolithic 

There is a general consensus among Chinese scholars that the Late Paleolithic small 

flake industries and blade-microblade technocomplexes were a direct outgrowth of the 

small core-flake industry of the Early Paleolithic in North China (Huang 1989; Gai 1985b, 
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1991; Jia 1978b; Jia et al. 1972; Jia and Wei 1976; Jia and Huang 1985; Li 1993; Li and 

Shi 1985). Zhoukoudian Locality 15, Dingcun, and Banjingzi are included among the list 

of possible sources for these new elements in the Late Paleolithic (Li 1993). 

However, not all Chinese archaeologists believe that all Chinese Late Paleolithic 

industries developed directly from the indigenous Early Paleolithic. While the idea of 

cultural succession or continuation in Paleolithic China has its basis in the archaeological 

record, it is undeniable that social and political considerations play a role. It is only 

recently that some Chinese archaeologists have been willing to examine outside regions as 

possible sources for the technological and typological developments in Late Paleolithic 

China. For instance, Zhang Senshui (1987, 1990) believes that the blade-microblade 

assemblages found in North China share many technological and typological features with 

assemblages from Mongolia and Siberian Russia. Based on such observations, Zhang 

proposed that Chinese blade-microblade remains did not develop out of the indigenous 

stone tool industries, but rather the result of cultural exchange with the north and 

northwest populations. 

Current archaeological data accumulated in North China reveal that the Late 

Paleolithic industries in that region are quite variable, rather than being homogeneous, 

indicating that different sources may have contributed to their development. The small 

flake tool industries exhibit close ties with the small core-flake industries in the previous 

stage. However, such a relationship cannot be established between the blade-microblade 

industries of the Late Paleolithic and lithic assemblages in the earlier periods. Gai (1991) 

has suggested four technological conditions as criteria for an earlier industry to be 



200 

qualified as true typo-technological antecedent to the late microblade technocomplexes: 1) 

small artifacts 2) bifacial retouch 3) core preparation and 4) the presence of bipolar flakes, 

burin spalls, or small elongated flakes. None of the Early Paleolithic collections satisfies 

these conditions. Locality 15, though has been cited as possible source for later blade-

microblade technology largely because of the presence of one so-called "Levallois point", 

has little to offer as a possible source for the new technology. The singe pseudo-LQwaSXoxs 

point is probably the product of alternate flaking on a discoid core, and not evidence for 

prepared core technology. 

On the other hand, Levalloisian, Mousterian, and microblade artifacts with relatively 

early ages have been recognized from Central Asia, Mongolia and Siberia (Derevianko and 

Markin 1995; Derevianko and Petrin 1995; Derevianko et al. 1998; Brantingham 1999). 

Moreover, there are no natural barriers that would have prevented those technocomplexes 

from penetrating into the more southern areas. This hypothesis deserves further study and 

possibly holds the key for understanding the Late Paleolithic cultural evolution in China 

and greater East Asia. 

8.3 THE LOCALITY 15 INDUSTRY AND CURRENT MODELS OF 
PALEOLITHIC TRADITIONS IN NORTH CHINA 

The Locality 15 industry consists mainly of small, simple and irregular cores, flakes, 

and scrapers. Such characteristics are shared by many other Paleolithic assemblages in 

North China, which, because of their similarities, have been grouped into a "Small Tool 

Tradition", one of the two hypothetical Paleolithic cultural-technological traditions 

identified in North China. 
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The proposition of two Paleolithic traditions in North China is the result of the effort by 

some Chinese researchers to demonstrate the diversity of Paleolithic cultures in China and the 

greater East Asia. According to Jia and Huang (1985), the recognition of cultural variability in 

Paleolithic remains in China began with the discovery of the Sinanthropus stone artifacts from 

Zhoukoudian Locality 1, which were described as a very characteristic and unique type of lithic 

assemblage in China (Teilhard and Pei 1932). The discovery of the E)ingcun lithic assemblages 

makes the diversity of Paleolithic cultures more convincing because the Dingcun industry was 

described as not only being veiy different from the Zhoukoudian industry, but also as different 

from any Paleolithic remains identified within China or abroad (Pei et al. 1958). 

A hypothetical model summarizing the differences in Paleolithic archaeological remains 

in North China was formally proposed in 1972 by Jia and his colleagues and has been further 

developed since then (Jia et al. 1972; Jia and Wei 1976; Jia and Huang 1985). In this model, 

the North China Paleolithic was described as falling into two parallel lithic traditions. One is 

the Kehe-Dingcun Series, characterized by large chopper-chopping tools made on flakes and 

heavy triangular points. Typical sites in this tradition include Kehe, Xihoudu, Lantian, 

Sanmenxia, Dingcun, and E'maokou. All of the sites are distributed in north central China, in 

Shaarud, Shanxi, and Henan provinces. The other is the Zhoukoudian Locality l-Shiyu Series, 

also termed Keeled Scraper and Burin Tradition, characterized by the use of small, irregular 

flakes in the production of various kinds of small tools. The small tools exhibit meticulous 

modification and dominate the assemblages, and are believed to be the "forerunner of the 

microlithic Mesolithic in the area" (Tia et al. 1972:55). Typical sites within this group include 

Zhoukoudian Localities 1 and 15, Xujiayao, Salawusu, Shiyu, and Xiaonanhai. Those sites are 
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also distributed in North Central China, but over a larger area than the Kehe-Dingcun Series. 

The two "traditions" were postulated to extend from the early Paleolithic all the way into early 

Neolithic, when they are hypothesized to have developed into two different agricultural 

patterns (Jia and You 1973). 

The identification of two separate and parallel traditions in North China is quite 

problematic. First, the sites of the two "traditions" are distributed basically in the same region, 

and it is difiScult to imagine that two distinct cultural traditions can exist side by side in the 

same area for about a million years. Second, as Yi and Clark (1983:190) correctly point out 

"the failure to describe the features shared by the two "traditions" seems to be due primarily to 

the lack of reliable data sets which can be ascribed to the Kehe-Dingcun series." Many of the 

artifact "assemblages" in this tradition, Lantian, for example, came from small collections. No 

large scale excavations have been carried out at other sites, such as Xihoudu and Kehe; 

artifacts came mainly from field survey and surface collection. More recent studies have shown 

that some assemblages of the "large-tool tradition", including the key site Dingcun, are in fact 

dominated by small flake tools (Zhang, 1993a). Third, there are serious taphonomic problems 

with the "large tool tradition". Almost aU the localities assigned to the "large tool tradition" are 

fluvial sites, exhibiting traces of disturbance and secondary deposition, and many of the large 

stone tools were selectively collected from the ground surface. It is not unlikely that these 

collections represent the "lags" from fluvially sorted assemblages, and not distinct "tool-kits" or 

"cultural traditions". 

Another drawback to this hypothesis is that it minimizes variation among the specific 

lithic assemblages ascribed to each of these so-called "traditions" and, at the same time. 
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potentially underestimates the similarities among industries in different "traditions". Recent 

studies show considerable "internal variation" among assemblages assigned to assemblages in 

both traditions. For instance, difierences in artifacts typology, size, tool retouch technology 

and references, have been recognized among different localities within the Oingcun complex 

(Zhang 1993b). Major differences in raw material exploitation, artifact typology and size, 

reduction and retouch technologies for two key sites within the Locality I-Shiyu Series, 

Salawusu and Shiyu, have also been identified (Miller-Antonio 1992:180-184). The present 

study has established the discrepancy between the Locality 1 and Locality 15 industries. 

Therefore, the diversity and complexity of the lithic industries in North China cannot be simply 

reduced to two unilinear traditions based solely on typological and morphological observations. 

8.4 SUMMARY 

Comparative studies between the Locality 15 and Locality I's upper horizon 

assemblages indicate that these two industries share many common features in raw material 

procurement, lithic typology, tool retouch technology and stylistic features, which would links 

them into the same cultural or technological tradition. However, major differences are also 

evident between the two assemblages, especially in core reduction technology. Such 

differences would argue against placing these two assemblages into a single cultural or 

technological complex, probably as a result of age difference between the two sites. 

The Locality 15 assemblage also share many common characteristic with other 

Paleolithic industries in North China prior to the late Upper Pleistocene, such as the component 

of small, simple and irregular cores, flakes and retouched pieces; tool blank production fi'om 

unprepared cores; tool retouch that is generally simple and unstandardized; and stone tools that 
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are dominated by sidescrapers and supplemented by a few other types. Such cultural 

similarities may be indications of the resemblance and consistency of behaviors and adaptations 

of hominid groups in that region. It also testifies that a division of distina cultural traditions 

and developmental stages prior to the late Upper Pleistocene in North China cannot be 

justified. 

Various hypotheses have been suggested to explain the conservative nature of the 

Early Paleolithic in China and greater East Asia, such as the isolation of East Asian hominids 

fi-om the western Eurasia, the constrain of poor-quality stone materials in lithic technology, the 

use of nonlithic tools, and a unique adaptive strategy adopted by Eastern Asian hominids in a 

unique ecological environment. It is premature to state which factor(s) had contributed greater 

than others to the characteristics of these industries. Probably a combination of several 

ecological and social conditions had dictated the patterns of hominid behaviors and 

adaptations, and through them, the features of the mainstream Paleolithic industries in North 

China and East Asia as we are currently witnessing. 

The Late Paleolithic in the late Upper Pleistocene in North China exhibits a abrupt 

departure from the previous stage, evidenced by the emergence of blade-microblade 

technocomplexes. Such a transparent change is believed to be related with influences fi'om the 

northern populations in Mongolia and Siberia, either as the result of population migrations or 

information exchanges. 
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CHAPTER 9 
DISCUSSION AND CONCLUSIONS 

The archeologica] assemblage from Zhoukoudian Locality 15 provides valuable 

information on the late Middle and early Upper Pleistocene hominid adaptations and 

cultural/technological developments in North China and greater East Asia. It also serves 

to clarify some important topics in Chinese and East Asian Paleolithic research, such as 

the nature of lithic variability and artifact typology, the nature of cultural transitions from 

the Lower to Upper Paleolithic, the recognition of regional cultural or technological 

traditions, and the relationship between Paleolithic cultures in East Asia and the Western 

Old World. 

Several goals were set for this research in the first chapter of this dissertation: 1) to 

determine the age of Zhoukoudian Locality 15; 2) to examine paleoenvironmental 

conditions of the hominid occupation at the site; 3) to study various aspects of variability 

in stone artifacts fi^om the site, including typology, technology, function, raw material 

economy, and through them, the adaptive strategies and social/economic behaviors at the 

site; 4) to examine the relationship between the Locality 15 industry and other Paleolithic 

assemblages in North China, especially the Zhoukoudian Locality 1 industry, with the goal 

of evaluating some theories regarding Paleolithic cultural traditions, transitions and 

development that currently prevail in China and East Asia. 

In this chapter, I will summarize the research findings, discuss their significance, and 

make suggestions for future studies at the site. 
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9.1 CHRONOLOGY AND PALEOENVmONMENT 

Prior to this research, only biostratigraphic dating and geological comparisons were 

applied to chronological studies of Locality 15 and an early Upper Pleistocene age has 

been commonly accepted. 

Seven mammalian teeth and sediment samples have been analyzed by uranium-series 

and electron spin resonance methods in this study. Preliminary results of these analyses 

have established a time span of 140,000-110,000 years BP for the artifact-bearing layer at 

the site, which has largely confirmed earlier estimates of Locality 15's geological age 

based on biostratigraphic data. 

Faunal data, the loess-paleosol sequence, palynology and the marine oxygen isotope 

record have been used to study Pleistocene paleoenvironments in North China in general 

and of late Middle and early Upper Pleistocene at Zhoukoudian in particular. Faunal and 

palynological information collected fi'om Locality 15 indicates that when hominids 

occupied the site, the area was characterized a warm-temperate and forest-steppe 

environment. The diversity of local geological/topological conditions, the rich animal and 

plant food resources, and the convenient water supply at the site, all point to very 

favorable ecological conditions for hominids' survival at Locality 15. 

9.2 ARTIFACT TYPOLOGY AND TECHNOLOGY 

Over 70% of stone artifacts unearthed from Locality 15 are amorphous chunks or 

debitage. The presence of a high proportion of waste materials is expected when tool 

manufacture was carried out at the site and poor-quality materials, especially vein quartz, 

were used to produce implements. 
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Classifiable artifacts include cores, flakes and flake fi'agments, bipolar fi'agments, 

hammerstones, spheroids, and retouched tools. Over 92% of the retouched pieces are 

sidescrapers. The minority tool types include chopper-chopping tools, cleavers, points, 

awls, notches, and burins. 

At least two major core reduction technologies are recognized in cores and flakes 

from Locality 15. One is direct hard hammer percussion, and the other is bipolar flaking. 

Two core reduction strategies by direct hammer percussion can be inferred from various 

core forms. One, termed opportunistic flaking, is represented by simple and polyhedral 

cores. The characteristic of opportunistic flaking is that flakes were detached fi-om cores 

wherever suitable striking platforms and angles were found and without consideration or 

planning for later flaking. The other is termed alternate flaking, in that flakes were 

alternately detached from two faces of flat cores. Previous flake removals on one face 

serve as striking platforms for new flake detachments on the opposite face. The alternate 

flaking strategy is represented by discoid cores, which account for about one quarter of 

the cores. It is believed that these two core reduction strategies were employed to exploit 

pebbles with different initial shapes and sizes. That is, the alternate flaking tactics was 

used to produce flakes from flat pebbles, while opportunistic flaking was employed to 

flake polyhedral pebbles. 

Most flakes are small and irregular, and appear to be produced on unprepared cores. 

No systematic striking-platform preparation can be recognized either on cores or on 

flakes. Occasional core detachment faces shaping or preparation can be observed on 

flakes. There is no evidence to support a Levallois technology at Locality 15. A single. 
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often-illustrated so-called "Levallois point" from the site is in all likelihood an accidental 

product of alteniate flaking of a discoid core. 

Recognizable bipolar fragments make up less than 12% of the core-flake category at 

Locality 15, which is a substantial departure from the bipolar-predominant Locality 1. 

The decline of bipolar flaking from Locality 1 to Locality 15 is believed to be the resuh of 

the improvement of direct hard hammer percussion by the Locality 15 hominids, which 

allowed them to reduce the dependence on the wasteful and inefficient bipolar technique in 

producing usable tool blanks. 

Modified tools appear to be retouched by direct hard hammer percussion. Most of 

the tools were retouched unifacially. Pieces made on flakes were modified 

overwhelmingly on the dorsal surfaces. Most of the tools are small and irregular. A few 

large and regular specimens are found in the cleaver and chopper-chopping tool 

categories. Most modification scars are deep, irregular, and variable in size, indicating 

that modification of these pieces was not normally well-controlled. However, some 

specimens do exhibit well-controlled fine retouch, evidenced by even and parallel 

modification scars and sharp, regular, smooth or denticulate cutting edges, indicating that 

hominids at the site were capable of making delicate stone tools when raw material 

permitted and necessity arose. 

Statistical analyses were conducted to examine variability of retouched pieces. 

There are significant differences in size, edge length and retouch invasiveness among 

different tool types, namely scrapers, cleavers, and chopper-chopping tools. No consistent 

differences in size, retouch length and invasiveness, edge angle and profile can be 
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identified among different edge-shape groups (straight, convex and concave) for single 

sidescrapers. This indicates that such edge variations might occur naturally, probably as a 

function of the initial morphology of the blanks, and do not necessarily represent discrete 

functional types. Bivariate examinations of scrapers reveal linear relationships between 

edge length and blank length, retouch invasiveness and blank length, and edge length and 

retouch invasiveness, implying that the tool size and modification extent are closely related 

to the original blank size and morphology. 

9.3 RAW MATERIAL ECONOMY 

The raw material most often exploited at Locality 15 was locally available quartz. 

The raw material combines high abundance and low quality. As a result, the extent of raw 

material consumption in general is quite low, evidenced by the predominance of wasted 

materials and minimal modification of the retouched tools. Many flakes are not modified, 

although some are presumed to be utilized in their natural conditions. 

Different strategies were believed to be employed to exploit various raw materials. 

Vein quartz and rock crystal were processed at the site, while flint, igneous materials and 

sandstone were probably flaked somewhere else and the selected tool blanks brought to 

the cave. As the result of different handling and different workability of these raw 

materials, quartz and rock crystal were less extensively consumed than other materials. 

However, within the quartz group, pieces with higher quality were exploited more 

extensively, evidenced by small and heavily worked residual cores and tools retouched on 

the entire workable margins. 
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9.4 IMPLICATION FOR HOMINID BEHAVIOR AND ADAPTATION AT 
LOCALITY 15 

The structure of a stone tool assemblage and the nature of artifact variability on a 

regional scale are closely related to several factors, including the availability and quality of 

raw material, the strategy by which it was procured, the particular activities in which stone 

tools were made and used, and the role of the sites within a settlement or mobility system. 

The capabilities and activities of making stone tools by hominids at Locality 15 were 

clearly aflfected by the raw material most immediately available to them, that is, the 

combination of high quantity and low quality. It has been suggested that poor-quality raw 

material usually leads to informal tools, while raw material with high quality and low 

abundance is usually associated with formal tools, and material with high quality and high 

abundance can produce both formal and informal tools (Andrefsky 1994). The Locality 

15 industry certainly fits the pattern of poor quality raw material leading to informal stone 

tools. That is, hominids at the site were constrained to use mainly poor-workability raw 

materials to make their tools, and that led to large quantity of waste materials and irregular 

and minimally modified informal tools. However, some well-fabricated specimens suggest 

that at least some of the hominids at the site were skillfiil stone tool makers when 

necessity arose and raw material permitted. 

The structures and features of lithic assemblages have often been correlated with 

certain hominid mobility and land use patterns. Lithic technologies may be organized 

along a continuum ranging fi'om curation to expediency in response to mobility patterns 



211 

(Binford 1977, 1979). It is believed that curated technology is generally associated with 

mobile population to cope with raw material shortage and to economize raw material 

utility, while expedient technology is often identified with sedentary or semi-sedentary 

contexts in which residential locations would be provisioned with abundant raw materials, 

allowing hominids to exploit them casually (Parry and Kelly 1987). Most stone artifacts 

from Locality 15 fit the pattern of expedient tools; accordingly, a more or less sedentary 

settlement pattern for the Locality 15 hominids would be implied by these artifacts. 

However, a curated or expedient technology alone may not be a conclusive indication of 

certain mobile or sedentary patterns for hominid settlement, because raw material 

availability and quality may have also played essential roles in shaping the structure and 

features of a stone tool assemblage. 

The Locality 15's setting and the presence of a large quantity of stone artifacts and 

faunal remains at the site would favor a sedentary scenario. However, it has been argued 

that the accumulation of rich artifacts and faunal remains at some sites could be the result 

of a land-use pattern of "high mobility but fi-equent reoccupation of the same places" 

(Kuhn 1995). Moreover, to argue for sedentism at a site, additional evidences are needed, 

such as recognizable features, structures and facilities (e.g., constructed shelters and 

hearth, maintenance of sites), and an expansion of diet breadth (i.e., the reduce of the 

emphasis on large game and greater exploitation of small animal and plant food resources. 

Kuhn 1995). Unfortunately, Locality 15 was excavated at a time that no special attention 

was paid to identify formation processes of the site and the structures of these 
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archeological remains; and though rodents, birds and other small animal skeletal remains 

were reported from Locality 15, no analysis has been conducted on the quantity of them 

and if they were actually used by hominids. In addition, only Cehis seeds have been 

collected at Locality 15 as one possible plant food source. Therefore, it is premature to 

determine at present if the Locality 15 hominids were sedentary habitants at the site and 

the precise ways of this site being utilized. 

The stone tool assemblage from Locality 15 is dominated by small scrapers. Heavy-

duty implements (e.g., cleavers and chopper-chopping tools) are very scarce in this 

assemblage. A noticeable character of this "tool-kit" is the poor representation of pointed 

implements or weaponry tools, which will not favor a regular big game hunting scenario at 

the site. 

It has been suggested that the European Mousterian "tool kit" is made up primarily 

of non-extractive implements (e.g., sidescrapers, notches, denticulates) which were used 

to work or manufacture other materials rather than to procure resources (Anderson-

Gerfaud 1990; Kuhn 1995). It has also been postulated by some researchers that stone 

flakes and flake tools found in East Asia were used mainly to work on or to shape bamboo 

and other non-lithic implement, and that these non-lithic tools were used extensively in 

that region during the Pleistocene, while simple chopper-chopping tools were used to 

supplement the heavy-duty functions that cannot be fulfilled by nonlithic tools. Whether 

the Locality 15 stone artifacts were used to shape nonlithic implements, including bamboo, 

antler and bone, will remain an open question until stone tool functional studies and 
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zooarcheological analyses are completed. Without such studies, the determination of 

stone tool functions and through it the interpretation of hominid adaptations at the site will 

inevitably be speculative. 

9.5 RELATIONSHIP BETWEEN LOCALITY 15 AND LOCALITIES 1 AND 4 

This study argues against the hypothesis that Zhoukoudian Localities 1, 4 and 15 

belong to one giant cave and one lithic industry. Locality 15 and Locality 1 are clearly 

different in cave structures and geological ages (with the former younger than the latter). 

The lithic industries of Locality 15 and the upper horizons of Locality 1 share many 

similarities in artifact typology, tool retouch technology, stylistic features, and raw 

material utilization, which would link the two assemblages into the same cultural or 

technological tradition. They could also indicate that hominids at the two sites were 

exploiting similar environmental conditions with similar adaptive strategies. Nevertheless, 

this research also revealed substantial dififerences between the industries of the two sites. 

One major difference is that bipolar flaking, the predominant technique of core reduction 

at Locality 1, played only a supporting role at Locality 15, while direct hard hammer 

percussion, used only occasionally at Locality 1, became the principal flaking method at 

Locality 15. Another diflFerence is that some tool types found from Locality 15, especially 

cleavers, were not present at Locality 1. The third major difference is that more quartz 

was utilized at Locality 15 than Locality 1, probably because the mastery of direct hard 

hammer percussion technology by the Locality 15 hominids enabled them to make use of 

vein quartz more efficiently and successfully, and thus spend less time and energy to 

procure better-quality but scarce raw materials. The major departure in flaking 
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technology from Locality I to Locality 15 should be taken as a clear indication that these 

two assemblages camiot be placed into a single contemporaneous lithic industry. 

9.6 THE LOCALITY 15 INDUSTRY AND CURRENT MODELS REGARDING 
PALEOLITHIC CULTURAL TRADITIONS AND DEVELOPMENT IN NORTH 
CHINA 

The Locality 15 industry consists largely of small, simple and irregular cores, flakes 

and scrapers. Such characteristics are shared by many other Paleolithic industries in North 

China. They have been termed generally as simple core-flake industry (Schick and Dong 

1993) or the principal industry of North China (Zhang 1989). Lithic assemblages sharing 

these features have been commonly grouped into a small tool tradition, one of the two 

hypothetical Paleolithic traditions identified in North China (Jia et al. 1972; Jia and Huang 

1985). 

I have argued that the practice of defining two distinct, parallel and long-lasting 

technological traditions within the same region based on typological and stylistic 

observations is problematic. One major weakness of this model is that data from some 

sites are biased, largely due to the lack of taphonomic study of the sites and the selective 

manner of data collection. Another major drawback of this hypothesis is its lack of 

quantification, leading to a failure to identify common grounds between the two 

"traditions" and to recognize the complexity of the lithic industries in North China. 

The Locality 15 industry has been placed at the very beginning of the Middle 

Paleolithic in China. However, this study demonstrates that the Locality 15 industry does 

not signal a major transition or change from the Locality 1 and other Lower Paleolithic 

assemblage in China. The examination of five aspects of lithic technology, including raw 
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material procurement, core reduction, retouch, typology, and tool blanks, indicates that 

although notable developments occurred in Paleolithic industries in North China prior to 

the late Upper Pleistocene, such changes were gradual rather than abrupt, and do not 

support a division into two distinct cultural stages. 

The definition of Chinese Middle Paleolithic is the product of unilinear evolutionary 

thinking and transfer of cultural sequences from other regions, and is not based solely on 

archaeological evidence accumulated in China. The three Paleolithic stages in China were 

derived through comparison with the established western European Paleolithic 

developmental sequence. However, the criteria used to define the various stages were 

biostratigraphy, geological strata, the association with certain hominid types, and absolute 

dating, rather than cultural or technological characteristics expressed in archaeological 

remains. Therefore, this study suggests the reorganization of Paleolithic industries in 

China into two stages; One is the Early Paleolithic, ranging from the Lower Pleistocene 

to the early Upper Pleistocene, characterized by simple core-flake tools. The other is the 

Late Paleolithic in the late Upper Pleistocene, represented by blade-microblade 

technology. The abrupt appearance of blade-microblade artifacts in North China is 

believed to be the result of the immigration of or influence from populations to the north, 

namely Mongolia and Siberia. 

9.7 FUTURE RESEARCH SUGGESTIONS 

Zhoukoudian Locality 15 has produced a large body of data for archaeological 

studies, and the potential for generating even more information on Pleistocene human 

behavior and adaptation from the site is enormous. This dissertation research consumed 
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only a part of the data set collected in the past. Therefore, this is far from a conclusion of 

the study of Zhoukoudian Locality 15. Rather, I would like to think that it is only the 

beginning of a comprehensive, large-scale and far-reaching investigation of this promising 

site, serving as a minnow that was thrown out to catch a whale. Future research at 

Locality 15 might be approached from the following aspects; 

More Detailed Chronometric and Paleoenvironmental Studies 

More detailed chronometric study will be essential for getting more information 

about the site. The current dating results are still preliminary. Additional tests by a wider 

range of dating methods on samples from smaller intervals of the excavated section will 

provide a more reliable time span and sequence for hominid occupation of the site, and 

help to calibrate the development of hominid behavior and technology through time. 

Paleoenvironmental study is a weak aspect at Locality 15 compared to research at 

Locality 1. Additional systematic palynological and sediment analyses will provide a more 

precise background for the study of nature-human interaction at the site. 

Zooarchaeoiogical Analyses 

Zooarchaeological analysis might hold the key to a better understanding of the 

formation process of the archaeological record and hominid subsistence, behavior, and 

stone tool function at Zhoukoudian Locality 15. Essential information to be derived from 

the faunal remains from the site should include a) bone preservation (weathering) 

conditions, which could be an indication of taphonomic history of the site and duration of 

the bones' exposure before burial; b) taxonomic abundance, body part presentation, age 

(mortality) profiles, and sex ratio, which could provide important information on the 
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function of the site (human home base?, animal den?, or natural trap?), bone collection or 

accumulation agents (human? Carnivore? Or natural forces), and seasonality of the site 

been used; c) extent of fragmentation and damage/modification on bones and antler, 

including surface modifications (abrasion, tooth marks, scratching, trampling, burning, and 

cut marks) and breakage/fracture patterns, which will be crucial to determine the way 

(agent) these bones been collected and modified, the way Locality 15 was used, the 

involvement of hominids in bone collections and modification, the way hominids extracted 

animal foods, and the possibility of hominid making and using bone tools. Such studies 

will certainly cast new lights on hominid behavior and adaptation at the site. 

Experimental Study 

This study made several propositions on core reduction and retouch technology at 

Locality 15, such as bipolar flaking is a wasteful and inefficient technique of producing 

tool blanks, hominids at the site preferred direct hammer percussion as the principal core 

reduction method. Opportunistic flaking and alternate flaking were used to work on 

pebbles with different initial morphologies and the latter is more efficient than the former, 

and scrapers with different edge shape are the function of the initial edge morphology of 

the blank, rather than being modified differently for distinct functions, etc. Flintnapping 

and tool retouch and utilization experimentation on the same local raw materials will test 

such results of empirical observations and statistical analyses. It can also provide 

inferences on the constrains of raw material quality placed on stone tool technology and 

stylistic features, the way raw material quality, quantity, artifact size and reduction 

intensity were balanced and correlated. Tool use experimentation should test if 
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unmodified pieces and retouched tools with different edge shapes can be used in the same 

way with the same eflRciency, and if these simple tools can be used effectively to shape 

nonlithic (wood, bamboo, bone and antler) tools. 

New Excavation 

Perhaps the most important line of research to be undertaken in the future at 

Locality 15 and at Zhoukoudian in general will be a new excavation project. The 

Zhoukoudian site was mainly excavated in the late 1920s and 1930s. During the long 

research history at the site, a large number of questions have been raised and accumulated 

regarding hominid behavior, adaptation, and cultural development. The coarse-grained 

and limited data gathered in the past cannot meet modem research requirements or 

produce clear answers to questions raised by current research agenda. Locality 1 has 

almost reached its limitation of further excavations. Even there is still some deposits left 

for examination, the current condition of the site will make any new excavation attempt a 

huge challenge. In contrast, the deposits at Locality 15 have been only partly exposed. 

There is still a thick deposit at the site waiting for future exploration; and the current 

setting of the site provides ideal conditions for new excavations. 

Any new excavation at Zhoukoudian Locality 15 must be carried out with explicit 

taphonomic questions and concepts in mind. The stratigraphy must be well-controlled 

with resolution as fine-grained as possible. Any obvious geological/depositional changes 

(such as change in sediment color, texture, grain size, structure, and orientation) must be 

recorded to assess the formation agents and processes of the deposit and possibly different 

occupation stages at the site, either by hominids or by other cavity dwellers. 
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The new excavation must keep detailed and precise records for all unearthed 

specimens. Every specimen (lithic artifacts, bones, plant remains, burnt materials) must be 

collected, cataloged, and its three dimensional information recorded. Such information 

will be crucial in determining the relationship between the unearthed items, the way these 

artifact came to their positions, and possibly the pattern of hominid tool making and 

economic activities at the site. 

The new excavations should systematically collected suitable samples (sediment, 

travertine, bones and teeth) in small intervals &om a well-controlled stratigraphy for 

environmental and chronometric studies. These samples should be used to reconstruct a 

more detailed paleoenvironment, to examine available natural resources for hominids in 

the area, and to date the occupational history at the site more precisely. 

And finally, a well-planned, well-organized and well-funded multidisciplinary 

comprehensive research project at Zhoukoudian Locality 15, involving both old collection 

studies and new fieldwork, will certainly produce enormous invaluable scientific 

information, substantially improve our understanding about Pleistocene hominid evolution, 

adaptation, behavior and cultural development in North China and greater East Asia. 
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APPENDIX I 
CALCULATIONS FOR EDGE LENGTH, SHAPE INDEX 

AND INDEX OF SHARPENING 

EDGE LENGTH 

Different techniques were used to measure edge lengths of pieces with different 

edge shapes: straight, convex, and concave. While edge length for straight-edged pieces 

can be measured directly and accurately, pieces with convex and concave edges cannot. 

Therefore, trigonometric function formulas are used to calculate edge length for convex 

and concave pieces. 

Figure 57 a. Schematized illustration of 
edge length calculation for convex 
scrapers when retouch covers less than 
half of the idealized circle (h<r) 

Figure 57b. Schematized illustration of edge 
length calculation for convex scrapers when 
retouch scars cover more than half of the 
idealized circle (h>r). 

The retouch edge of a piece of convex or concave sidescraper is idealized as 

forming part of a circle, illustrated by Figure 57. The value of h and the linear distance 

between a and b ( =2!) were already measured on the artifact. The radius of curvature (r) 
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can then be calculated (See the section about Sf below). When retouch scars cover less 

than half of the idealized circle the margin of the tool occupied (Figure 57a), the edge 

length (Li), i.e., the arc distance between a and b, can be derived using the following 

equations; 

Sin e = l I r, e = Sin (I / r), L\ = 2e - r 

In practice, the value of e needs to be converted into radian. When retouch covers more 

than half of the circle (Figure 57b), the edge length (L2) can be derived using the following 

equation: 

Li = iTir - Li = 2r {7U- e) 

Same formulas can be used to obtain edge length for concave sidescrapers (Figure 

58). 

SHAPE INDEX 

As defined by Barton (88:113), Shape Index (57) is created by the reciprocal of 

radius (/•) of curvature. Edge shape is measured in the radius of curvature, positive for 

convex edges and negative for concave edges. A radius about ± 300 mm is believe to be 

the greatest that could be reliably used to differentiate convex and concave edges from 

straight ones, and a radius of 500 mm is defined for straight edges. SI is then calculated 

using the following formula: 

5/=500/r 
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The radius of curvature (r) cannot be measured directly. In practice, a 

trigonometric function is used to calculate the r value. The retouch edge of convex or 

concave scraper is idealized as forming part of a circle, illustrated by Figures 57 a and 57b. 

The value of h and the distance between a and b ( =2/) were already measured on the 

artifact, and these variables form the following relationship: 

r2=(r-h)2+/2 

A formula for r was derived as: 

The same formula can be used to calculate the r values of 

both convex and concave pieces (Figure 58). To distinguish 

the edge morphologies of these two groups, the r for 

concave piece were assigned minus values. 

Figure 58. Schematized illustration of the calculation of 
radius of curvature for concave sidescrapers. 

INDEX OF SHARPENING 

As defined by Kuhn (1995: 125), the Index of Sharpening is calculated as the ratio 

of ti T. t stands for the thickness of the blank at the termination of retouch scars, and T is 

the thickness of the blank at the central ridge. In practice, the maximum thickness for the 

piece is used. Because t is difficult to measure, and in many cases has not been 

intentionally measures, its value is calculated by multiplying the depth of retouch scars or 
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invasiveness (D) by the sine of the angle of retouch (a). The index is then calculated using 

the following formula: 

/ = sin a- D/T 

a is in degrees and needs to be converted to radians in order to get the sin value. A 

equation is used to do the conversion; 

Radian = a-7rl\^Q 

The final formula becomes; 

/ = sin{a 7tl\%Qi) D/T 



Figure 1. Map of Beijing Showing the Location of Zhoukoudian 
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Figure 6. Discoid Cores 
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Figure 34. Chopper-Chopping Tools 
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