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ABSTRACT 

Neolithic agricultural land use and sedentary settlements developed through 

gradual and prolonged processes. My research explores technological constraints of 

earth-working implements as a factor complementary to ecological and social conditions 

to explain these processes. I hypothesized that use context (especially soil properties) 

determined innovation and adoption of specific earth-working implements, and that the 

choices of earth-working implements in turn affected the feasibility of shifting to 

different forms of land use.  

I tested these hypotheses with a case study of Hemudu culture (7,000-5,000 BP) on 

the Ningshao Plain in eastern China. Early Hemudu populations lived in small villages 

and cultivated rice in the swampy and flood-prone lowlands. They employed digging 

implements made from water buffalo scapulae rather than the stone spades more widely 

used for earth working in Neolithic China. However, use of scapular tools in the region 

appears to have declined after 6,000 BP, and they were eventually replaced with stone 

implements. These phenomena invited the following questions: (1) how did bone earth-

working implements become a tradition and persist until 6,000 BP; (2) why was use of 

these artifacts discontinued and replaced by use of stone spades; and (3) how did the 

choices of earth-working implements affect land use over the long term? Following ideas 

from Human Behavioral Ecology, Dual-Inheritance Theory, and Behavioral 

Archaeology, I examined bone implements' use contexts, raw material availability and 

procurement, costs and benefits in manufacture, techno-functional performance 

characteristics, patterns of production, and the Hemudu people's social learning 
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strategies. These investigations involved soil science, bone and stone technologies, use-

wear analysis, and zooarchaeology, along with many controlled experiments.  

Multiple sources of evidence led to the conclusion that the early adoption of bone 

spades was encouraged by scapulae's convenient morphology and acquisition, and they 

fulfilled the functional needs of wetland rice cultivation well at the beginning of 

Kuahuqiao and Hemudu exploitation of lowland environments. Frequency-dependent 

bias, rather than economic decisions based on return rate optimization, helped ensure the 

persistence of bone spades in Hemudu even when raw material became scarce and other 

artifacts would have provided marginal functional advantages. This tradition imposed 

significant technical and conceptual constraints that inhibited the communities from 

adopting other forms of agriculture and settlement construction. 

My research has broad implications to archaeological theories and methods for 

studying technological choices and our understanding of the pathways to agriculture and 

sedentism. It shows that both Human Behavioral Ecology and Dual-Inheritance Theory 

are useful for studying and interpreting prehistoric technological choices. However, 

following only one or the other to test associated variables would be inadequate. 

Applying the framework proposed by Behavioral Archaeology to test as many potential 

factors as possible throughout the life histories of the artifacts helped lead to a stronger 

argument. Many of the analytical tools that I developed in this project can be used to 

investigate relevant questions in other times, regions, and cultures. My experimental 

designs can also be used as templates in future research.  
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CHAPTER 1. INTRODUCTION 

Archaeologists have been interested in the development of agricultural subsistence 

and sedentary settlement for more than a century. Much research has led to the 

conclusion that these developmental processes were more gradual, complex, and 

prolonged than previously thought. Case studies from various regions of the world 

suggest that low-level food production, that is, mixed foraging and cultivation in shifting 

and sometimes stable balances (Smith 2001) was practiced for thousands of years prior to 

the intensified use of both plant and animal domesticates associated with Neolithic 

adaptations (e.g., Barton 2009; Crawford 2008; Diehl and Waters 2006; Kennett et al. 

2006; Smith 2001; Zeder 2012) and that a great diversity in settlement systems 

characterized by a spectrum of movements within a landscape existed over thousands of 

years before long-term, year-round occupation was established (e.g., Bailey and Whittle 

2005; Barton 2009; Çilingiroğlu 2005; Munro 2004). 

A combination of ecological (e.g., climate, environment, biological adaptations; see 

Fuller et al. 2009; Purugganan and Fuller 2009) and economic factors has been offered to 

explain the protracted processes required to establish domestication and sedentism. 

Explanation usually involves explicit or implicit comparisons among alternative courses 

of actions under specific conditions and interprets the choices as “better” solutions in 

those circumstances. Forcing mechanisms are a core consideration in interpreting 

people's decision to occupy certain places, employ specific subsistence strategies, and 

increase/decrease their mobility. Another fundamental factor—feasibility or the costs of 

change—has just begun to receive attention. Researchers have touched on the feasibility 
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of developing agriculture under specific ecological and/or social circumstances (Bleed 

and Matsui 2010; Fuller et al. 2010; Fuller and Qin 2009; Richerson et al. 2001).  

In this study, I focus on technology as a factor complementary to ecological and 

social conditions to understand the development of agriculture and sedentism. I 

hypothesize that early technical choices, especially concerning earth-working 

implements, played a significant role in humans' decisions about subsistence and 

habitation and therefore affected their trajectories toward agriculture and sedentism. In 

this dissertation I use case studies from the Ningshao Plain in eastern coastal China, 

7,000 to 5,000 BP, with comparisons to the surrounding area (Fig. 1.1) to examine the 

potential contributions and constraints of earth-working implements in relation to rice 

cultivation and habitation decisions. 

 

 

Figure 1.1: The Lower Yangzi Basin—Study area of this dissertation. 
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Earth-working implements and land use: historical observations 

Land use may involve the management and modification of the natural 

environment into anthropogenic environments such as fields, pastures, settlements, and 

cemeteries. Earth-working implements (i.e., implements for ground-breaking and soil 

removal and displacement) are indispensable in these procedures. Key innovations in 

earth-working implements may have been stimulated by desires to modify the landscape 

rather than the innovations triggering those same desires (see below), and they indeed 

enabled the users to use land in specific ways. However, just like every other technology, 

each kind of earth-working implement also has its constraints and these constraints may 

define the feasible or practical forms and scales of landscape modification at the time. 

Even though technological constraints can be altered by inventing/adopting new 

techniques, technological responses to preexisting challenges (including the process of an 

innovation becoming widely adopted) may have taken a long time. It took millennia for 

people to decide to use even such essential innovations in technology as specific food-

getting equipment on a regular basis (e.g., Munro 2004; Stiner 2001). Examples of 

consistent interactions between innovations in earth-working techniques and humans' 

needs to alter landscape on different scales are common in modern societies (e.g., Gillette 

1920; Haycraft 2000). It is reasonable to expect such interactions were also present in the 

past. 

In the 1930s Childe observed associations between the intensification of land use 

(particularly agricultural “strategies used to increase yields from a given unit of land,” see 

Morrison 2000) and extensification (particularly “the addition of new lands to an 

agricultural system,” see Miller 2006:114) and changes in earth-working implements, 

specifically the shift from digging sticks to hoes and ultimately to the use of plows and 
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traction animals (Childe 1936:138-139). These basic findings were further bolstered by 

scholars working in different regions of the world (e.g., Boserup 1965; Smith and Young 

1972; Turner and Sanders 1992). Many of these early accounts were couched explicitly 

or implicitly in the language of progress. Although the association between earth-working 

implements and scales of landscape modification may not have been perfectly linear, the 

basic understanding of the roughly parallel developments of the two is valid. 

The earliest earth-working devices, digging sticks, appeared in the Late Stone Age 

in Africa by at least 40 kya (d'Errico et al. 2012). They were used by hunter-gatherers to 

procure subterranean foodstuffs (e.g., roots and tubers or anthills and burrowing animals) 

and water and to construct small facilities such as fire pits, pitfalls and traps, and huts, 

based on analogies with modern hunter-gatherers and horticulture practitioners (e.g., Best 

1976 [1925]; Clark 1959:239; Cranstone 1971:135-140; Fornander 1918:586; Hammond 

1933:37; Handy 1940:146; Helms 1896:254; Hiroa 1957:12-13; Memmott 1979; Pukui 

and Elbert 1986:290; Roth 1901:8; Thomas 1906:70-71; White 1915:729). Digging sticks 

continued to be used after new tools (i.e., wide-bladed earth-working implements) joined 

the earth-working toolkits. Although they are morphologically simple, digging sticks 

function more effectively than wide-bladed earth-working implements under specific 

circumstances, including but not limited to (1) ground containing embedded masses of 

roots (Cranstone 1971:135) and (2) soil that is relatively compact. This is especially true 

when they are compared to wide-bladed implements made from bone or wood (Best 1976 

[1925]; Wilson 1917). Digging sticks are also especially effective when little earth needs 

to be taken up at once (Best 1976 [1925]:72). Even after plows were adopted, sticks were 

still employed and perhaps even preferred in some places, especially for subsistence 
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gardening on widely scattered small plots located on hillsides (Barrau 1958:42). Sticks 

were also often used to further break the soil after plowing for planting (Broadbent 

1975:91). 

Wide-bladed earth-working implements appeared much later and were usually 

associated with cultivation and/or open-air settlements; for example, Mill Creek and 

Dover chert hoes of the Mississippian period in North America (Koldehoff 1987:163; 

Milner et al. 2010); large oval bifaces in Mayan Mexico (McAnany 1992); bone and 

wooden spades on the Ningshao Plain in Neolithic China (Chapter 3; ZPICHA 2003a; 

ZPICHA and XM 2004); and groundstone spades in the early to mid-Neolithic Middle 

Yellow River Valley (e.g., HPICHA 1999; Huang 1992). The appearance of wide-bladed 

earth-working implements represented technological solutions (along with many other 

strategies) to new problems posed by intensifying land use. Compared to digging sticks, 

each stroke of a wide-bladed earth-working implement can penetrate a larger area of the 

ground, when it is penetrable, and remove a larger amount of loosened soil. When hafted 

as hoes, wide-bladed implements crafted from heavy materials such as stone can create 

greater force to penetrate harder soil. 

Wide-bladed implements are one of the few prehistoric tools made from a broad 

range of raw materials, including wood, bone, shell, and stone, among which stone was 

most common. Their production embodies a wide range of technical skills. Such tools are 

as important to “farming” societies as projectile points are to “hunter-gatherer” societies. 

Stone and wood earth-working implements were used by the majority of subsistence 

farmers in China until around 800 BC when iron plows became widespread because of 
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the development of a technique for casting non-brittle iron implements (Elisseeff and 

Elisseeff 1983:104; Hsu 1980:21).  

Previous research on earth-working implements in relation to landscape 

modification 

Perhaps because they seem so simple, earth-working implements have received 

little archaeological attention. In agricultural contexts, they are usually assumed to be 

available or are identified simply by morphological analogy to their historical 

counterparts. Although researchers focusing on agricultural origins and intensification 

speculate that the construction and maintenance of agricultural field features and field 

management, including water manipulation, drainage, and tillage, are labor intensive 

(e.g., Fuller and Qin 2009; McAnany 1992:185), little research has been conducted on the 

associated earth-working technologies. Even research on construction costs has 

overlooked the inputs of earth-working devices (e.g., Turner 1983). 

Most research dealing with simple earth-working implements has been conducted 

by archaeologists interested in labor investment and organization in the construction of 

large architectural projects. Much of the research is experiment-based, sometimes making 

reference to ethnographic information, and is focused on the tools' effectiveness and 

efficiency in loosening, transporting, and piling up soil (e.g., Abrams and Bolland 1999; 

Erasmus 1965; Evans and Limbrey 1974:199-200; Hammerstedt 2005; Hard 1999; 

Milner et al. 2010). Because the simple devices, including wooden digging sticks, antler 

picks, and chert spades, turned out to function more efficiently than expected, the 

evaluations usually led to a conclusion that the labor required to build large constructions 

was generally less than previously thought (e.g., Abrams 1987; Craig et al. 1998; Galaty 
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1996; Milner 1998; Muller 1997; Webster and Kirker 1995). However, this conclusion 

may be subject to revision if we consider the operational cost—how many earth-working 

tools would be consumed and how much it might cost to manufacture and maintain them. 

The level of investment in simple earth-working devices for ancient cultivation and 

construction may have been much higher than one would expect. A digging stick used in 

subsistence-related activities by Australian Aborigines and the Kalahari !Kung Bushmen 

would require constant maintenance and yet still needed to be replaced two to six times 

annually (Hayden 1977: Table 1; 1979:110; Lee 1979: Table 9.10). The manufacture of 

each digging stick would also consume several stone implements (Hayden 1979:111-

112). At the other end of the spectrum, costs of earth-working operations are a big 

concern in modern construction projects. Even modern equipment with high abrasion 

resistance is subjected to high wear rates and requires frequent repair and replacement 

when used to move earth (Austin 1974; Dawson et al. 1982). Much research has been 

focused on optimizing the operational cost and durability of modern earth-working 

equipment (e.g., Gillette 1920; Marzouk 2002, 2006; Xie 1997). Accordingly, one should 

expect that consumption of simple earth-working implements in the processes of 

cultivation and construction could have been a significant concern in the past. I have 

generated experimental data to address this issue (Chapter 5).  

Several researchers acknowledge that the effectiveness and durability or use-life of 

primitive earth-working implements may have been significantly affected by soil 

conditions (e.g., Curwen 1926; Griffitts 1993; Huang 1996; Milner et al. 2010; Yu 1993); 

however, no experiments have been systematically conducted to evaluate these 

expectations. Based on ethnographic information, wooden implements, especially 
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digging sticks, seem to be associated with sandy and/or stony substrates (e.g., Baker 

1936; Best 1976 [1925]; Clark 1959:239; Franciscan Fathers 1910:265; Kirch et al. 

2005), while bone and wooden spades were used only in loose/loosened soil (Best 1976 

[1925]; Wilson 1917). Chert hoes may have been a good option only in a rock-free 

substrate, as they can suffer severe damage when contacting gravel in soil (Milner et al. 

2010). Common sense also tells us that a soil's hardness and texture will affect earth-

working efficiency and tool durability. Research with metal tools shows that as the soil 

type changes from soft to dry hard clay, digging becomes more difficult and the labor 

needed to accomplish a particular task can increase by a factor of four (Hammerstedt 

2005: Table 2). My study quantifies the efficiency and durability of simple implements in 

a range of soil types that the study population may have engaged (Chapter 5).  

Why the Ningshao Plain? 

The Ningshao Plain is important for many reasons.  

First, it witnessed unique trajectories toward intensified agriculture and sedentary 

settlements. Recent discovery of and research into the Shangshan and Kuahuqiao cultures 

show that the Lower Yangzi Basin where the Ningshao Plain is located was one of the 

areas where rice cultivation and open-air village lifestyles appeared earliest in China. 

However, over millennia, full-scale agriculture and intensified sedentary villages did not 

develop spontaneously on the Ningshao Plain. Studying why and how the once successful 

strategies of subsistence and settlement in this area came to inhibit these communities 

from shifting rapidly into the intensified agriculture and sedentary settlements found in 

other cultures can significantly contribute to our understanding of the mechanisms 

underlying the intensification of agriculture and sedentary settlement. 
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In addition, many early to middle Neolithic sites on the Ningshao Plain are water-

logged and thus have yielded well preserved organic remains, allowing thorough 

reconstruction of archaeological cultures and geological backgrounds. These sites include 

those of the Hemudu culture (7,000-5,000 BP), the Chinese archaeological culture best-

known to scholars outside of China, and the Kuahuqiao culture (8,200-7,000 BP), one of 

the most important Neolithic discoveries in China in recent years. Ironically, however, 

although plentiful research relevant to subsistence has been done on organic remains at 

these sites, no research has been conducted on the implements that were crucial to 

subsistence and settlement. My research fills in this gap and provides a new perspective 

for understanding the trajectory toward agriculture and sedentary settlement. This 

perspective can be applied in other archaeological contexts as well.  

Last but not least, the Hemudu culture on the Ningshao Plain represents an 

exceptional case in which bone spades were predominantly employed for earth-working. 

This pattern contrasts with the use of stone as a raw material for crafting spades in most 

other pre-industrial societies. Such exceptions have also been found in a few other parts 

of the world, including (1) the Mischelsberg culture dating to 6,400-5,500 BP and Swiss 

lake-dwellings dating to 7,000-2,500 BP in Europe and (2) the Central and Northern 

Plains of the U.S. from late pre-contact to the early 20th century (Griffitts 2006; Steppan 

2001). I hope that my research on the use of bone spades and the long-term effects of this 

technological choice on the land-use strategies of the Hemudu culture can stimulate case 

studies in other archaeological contexts.  
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Outline of the present study 

Hypotheses 

This dissertation was designed to test the hypotheses that the innovation and 

adoption of specific earth-working implement(s), including raw materials and tool forms, 

were a result of practical compatibility between the implements and the working contexts 

(especially soil properties), and that those choices would have in turn affected people's 

ability to claim lands for purposes of cultivation and habitation in various geological 

contexts. The Hemudu culture’s (7,000-5,000 BP) occupation of the Ningshao Plain 

offers an excellent test case for these hypotheses. It provides a unique situation in which 

bone implements rather than stone implements were employed for earth-working in a 

society where rice cultivation was practiced as part of a broad spectrum diet over 

millennia. The Hemudu habitation areas were concentrated in swampy and flood-prone 

lowlands (presumably less desirable for habitation) and the villages were smaller than 

those in other regions with similar environments and cultural elements during the early to 

middle Holocene. This way of life and its associated technologies did not change until the 

indigenous groups experienced strong cultural impacts from neighboring societies and 

adopted intensive rice cultivation, stone spades, and other cultural and social strategies 

(Chapter 2). 

Theories, methods, and dissertation outline 

Human Behavioral Ecology, Behavioral Archaeology, and Dual-Inheritance Theory 

I applied the frameworks of Human Behavioral Ecology (HBE) and Behavioral 

Archaeology (BA) to investigate the choices of earth-working implements and determine 

which factor(s) played the most significant role(s) in the decision making process. As 
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purely economic, technical considerations fail to adequately explain either the 

preferential use of bone spades during the early Hemudu period or the adoption of stone 

spades during the late Hemudu period on the Ningshao Plain, I turned to the principles of 

Dual-Inheritance Theory (DIT) to explain why bone spades but not stone spades were 

employed at the beginning and how the use of bone spades became a tradition that 

continued for millennia, even when the needs of landscape modification may have 

reached the limits of this technological solution, and what this stability in technology 

brought to the societies in the long run. 

Both HBE and BA employ decision-making frameworks and emphasize specific 

contexts for understanding humans' decisions (e.g., Kennett and Winterhalder 2006; 

Schiffer 2011); however, they employ opposite approaches (deductive vs. inductive) to 

achieve this goal. HBE begins with an optimization premise that behavior resulting from 

natural and cultural evolutionary processes will tend toward constrained optimization 

(Foley 1985). The assumption of constrained optimization rather than “satisficing” is 

employed because the latter is considered an empirical concept from which theoretically 

robust predictions cannot be generated (Elster 1986). Following the HBE framework, 

researchers usually assign primacy to variables such as time, energy, and risk (e.g., 

Torrence 1989) and then estimate the costs and benefits of the competing technologies in 

that regard to see which ones maximize return rates under specific situations. Cases that 

match the maximization expectations are considered economically “rational”; otherwise, 

clues from behavioral constraints that prevent humans from achieving optimization are 

examined to account for the exceptions. However, in most cases, behavioral constraints 

are ignored or partially overlooked in optimizing models and are simply pointed out in 
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accompanying notes. This is a problem of the research strategies employed rather than a 

conceptual issue, for modeling requires simplifying and minimizing the number of 

variables. In other words, mathematical modeling is an exercise in being wrong in the 

most useful possible way (Fogarty et al. 2012). Models provide an analytically powerful 

starting point that allows thorough examination of one consideration in the decision 

making process, and collectively, models built on different variables help evaluate actual 

human decisions affected by a wide range of factors. 

Behavioral Archaeology provides a framework for the comprehensive study of 

technological choices, as it emphasizes exploring many aspects of a technology to sort 

out the priorities of artifact assigned by the producers and users, on individual or group 

levels (Schiffer 1992, 2011). The central tenet of BA is that until enough case studies 

yield consistent patterns of particular decision-making strategies being employed under 

specific conditions, we have to identify the decision-making strategy at work in each case 

(Schiffer 1979). Behavioral Archaeology also proposes that equal consideration should 

be given to sociofunctions, ideofunctions, and emotive functions, as well as 

technofunctions. Because not all the relevant performance characteristics are quantifiable, 

BA employs qualitative evaluations to accommodate as many kinds of potential 

influences on decision making as possible, and it evaluates both quantifiable and 

unquantifiable performance characteristics in a same, binary (i.e., positive or negative) 

system (M. B. Schiffer, personal communication, May 2013). Because of this qualitative 

strategy, the overall discussions of BA tend to be narrative rather than mathematical.  

The framework of BA has been systematically explained by Schiffer and illustrated 

by case studies, mostly from historical and modern times (e.g., Schiffer 1992, 2001, 
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2011). Following the framework of BA, researchers usually create a “check list” 

enumerating a technology's performance characteristics (i.e., behavioral capabilities in 

given activity contexts). These may be compared with those of other technologies in a 

“threshold performance matrix.” Performance characteristics are assessed one by one in 

order to identify (1) what technological options people may have been aware of, (2) how 

well those technologies served their needs, and (3) which behavioral constraints might 

have affected their decisions. The ultimate aim is to identify which performance 

characteristics were prioritized by the people, given the choices they made among 

competing technologies.  

Although the framework of BA is inspiring and powerful in theory, especially the 

systematic attempt to avoid biased evaluations assigned by researchers, it encounters 

practical challenges when applied in archaeology. Because the original case studies of 

BA were mostly from modern contexts, it did not produce analytical tools that 

archaeologists could easily adopt or modify to tackle their problems. Even when 

archaeologists are willing to take on the challenge and develop archaeological tools 

themselves, well-preserved and well-reported archaeological sites that allow 

reconstruction of a comprehensive behavioral context are rare. Researchers' 

specializations can also prevent them from comprehensive studies of prehistoric 

technological choices. Moreover, the lists of “threshold performance matrices” created by 

researchers reflect their individual research strengths rather than a real, thorough check 

list of every potential factor in decision making. Therefore, bias-free research has been 

and will always be a goal that cannot be fully actualized. 
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My research combines the comprehensive framework of BA with the quantifying 

approach of HBE. Data generated from the waterlogged archaeological sites I have 

studied and from sets of well-controlled experiments conducted in realistic conditions 

allowed me to quantify both optimizing and satisficing expectations and test them with 

archaeological data (Chapters 2-5). 

Following the BA framework, I examined processes in the life histories of earth-

working implements that may have had great potential to affect technological choices, 

including raw material availability and procurement as well as manufacture, use, and 

reuse. For each process, subjective evaluations (through discussion with the experiment 

participants) and objective measurements (such as time and energy consumption for tool 

manufacture and use) were recorded and analyzed. When appropriate, mathematical 

modeling was applied to predict the thresholds at which certain technologies become 

consistently “better” than others and then examine how well the archaeological 

observations match the economic expectations. By modeling, I was able to quantitatively 

sort out priorities that may have been assigned by the prehistoric populations.  

In the end, all identified priorities were comprehensively discussed. Factors 

influencing technological change and continuity in my study case appeared to be 

inconsistent over time. Dual-Inheritance Theory seems to work well to explain my 

observations of the continuity and change in earth-working technologies.  

Dual-Inheritance Theory (DIT) views culture and genes as providing separate but 

linked systems of inheritance, variation, and hence evolutionary change in culture (Boyd 

and Richerson 1985). It proposes that the spread of cultural information, and thus 

continuity and change among cultural phenomena, including technology, is affected not 
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only by natural selection (differential fitness of culturally inherited variation), but also by 

decision-making (based on genetically or culturally evolved preferences and constraints) 

and the influence or prominence of the transmitter (Boyd and Richerson 1985, 1988). The 

practices of DIT link processes at the individual level with those at the group level (Boyd 

and Richerson 1985: 292); therefore DIT is especially useful for understanding why 

innovations do or do not spread.  

Dissertation outline 

In Chapter 2, I provide the geological and cultural background of the Ningshao 

Plain, focusing on the nature and scales of land use from the late Pleistocene to the 

middle Holocene, potential earth-working implements yielded from the core sites, and the 

physical properties of the geological substrates people would have contended with there. 

By comparing these aspects of the Hemudu culture on the Ningshao Plain to those of 

their neighbors in the eastern Lake Taihu area, I hypothesize that the initial choices of 

habitation places (swampy lowlands occupied by Hemudu populations vs. the Xiashu 

Loesslands chosen by Majiabang populations) led to different choices in earth-working 

implements (digging sticks and bone spades by Hemudu populations vs. stone spades and 

antler picks by Majiabang populations) and that the employment of different earth-

working implements in turn significantly affected those populations' abilities to claim 

lands and expand cultivation and eventually, contributed to distinctive trajectories of 

social complexity in these two regions. 

To test these hypotheses, in Chapter 3 I analyze the functions of scapular 

implements from the Ningshao plain, in order to identify their exact working contexts (in 

particular, soil types and cultural contexts). In Chapter 4 I evaluate the costs of raw 
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material acquisition and manufacture of both bone and stone spades and the prehistoric 

production patterns of the scapular implements, to see whether and how any step(s), or 

the overall manufacturing process and pattern, might have contributed to the choice of 

earth-working implements. In Chapter 5 I compare the techno-functional performance 

characteristics of bone spades to stone spades in their essential working context–i.e., soils 

of various compaction, textures, and cultural contexts—to evaluate if and how 

differential effectiveness, either from subjective or objective perspectives, would have led 

to a consistent choice of stone or bone implements in the two regions. I then in Chapter 6 

collectively consider all the information in Chapters 3, 4, and 5 to explain the 

technological choices of earth-working implements under specific geological, technical, 

and social conditions.
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CHAPTER 2. RECONSTRUCTING THE PHYSICAL AND ARCHAEOLOGICAL 

CONTEXTS 

Geological settings of the Ningshao Plain 

My study area is bounded by 119-122º E and 29-31º N in coastal eastern China 

(Fig. 2.1), focusing on the Ningshao Plain, south of Hangzhou Bay, with comparison to 

the neighboring Lake Taihu area, north of Hangzhou Bay. 

 

 

Figure 2.1: Study area and sites that are mentioned in this dissertation. 
Names of Shangshan sites (11,400-8,000 BP) in yellow, Kuahuqiao (8,200-7,000 BP) in light blue; Hemudu 

(7,000-5,000) in white, Majiabang (7,000-5,900 BP) in orange, Songze (5,800-5,300 BP) in gold, and 
Liangzhu (5,300-4,200 BP) in light purple. 



 

39 

 

The Ningshao plain covers approximately 4,000 km², 130 kilometers east-west 

(from Xiaoshan to Ningbo) and 35 kilometers north-south (from the Qiantangjiang River 

to the hills of the Simingshan Range), with an average altitude lower than 10 meters (Qin 

2006). Fresh water is plentiful, including (from west to east) the Puyangjiang, 

Pingshuijiang, Cao'ejiang, Yaojiang, and Fenghuajiang rivers. It is not clear how similar 

this modern hydrological setting is to that of the mid-Holocene. Evidence from the 

Hemudu site (7,000-5,000 BP) suggests that the estuary of the Yaojiang River shifted 

eastward into the ocean, cutting across the east part of the Hemudu site, after 5,000 BP, 

around the time the site was abandoned (Shao et al. 2003:320; Wu 1983).  

The study area may have been significantly impacted by three types of 

hydrodynamic movements since the late Pleistocene. Postglacial sea-level changes were 

gradual, predictable processes, lasting hundreds to thousands of years and may have 

affected habitation placement as they inundated and/or exposed lands. Tsunamis are 

sudden and rapid events that happen less predictably. They could have quickly and very 

briefly inundated an area, causing severe destructive results. Taking into account possible 

tidal ranges and typhoon storm surges, locations at least five meters above sea level 

would have been suitable for habitation (Chen et al. 2008). Annual monsoonal rainfall is 

regular and usually favorable, as it brings abundant rains every spring and autumn and 

may have resulted in annual flooding that aided the growth of a variety of wetland plants 

(Pan 2013). 

The geological settings of the current Ningshao Plain have changed significantly 

since the late Pleistocene (~25,000 to13,000 BP) because of dramatic sea-level changes 

and periodic marine transgressions that resulted in coastal sedimentation, and regressions 
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that exposed the land (Huang et al. 2002; Qin 2006). During the Last Glacial Maximum 

(~25,000 BP) when the level of the eastern sea was about 150 meters below the current 

level, a broad coastal shelf was exposed (Zheng et al. 2002). The postglacial climate was 

much warmer and the sea level rose rapidly (Wang 2006). Until the early Holocene, most 

of the current plain was a coastal lagoon (Sun et al. 1981; Wu 1983). Around 8,000 BP, 

humans began to colonize foothills adjacent to freshwater wetlands, evidenced by the 

Kuahuqiao cultural sites (8,200-7,000 BP; see details below). Around 7,000 BP, major 

postglacial eustatic readjustment of sea level was completed and relatively stabilized (Qin 

2006; Shi et al. 2008). The current Yaojiang Basin witnessed a gradual process of 

regression during which recently-exposed marine sediments turned into swamp or 

marshland surrounded by plentiful bodies of fresh water (Shi et al. 2008; Wu 1983; Zhu 

and Zheng et al. 2003; Zhu and Zhang et al. 2003; Zong et al. 2011), although low-

amplitude sea-level movements and freshwater body expansion and shrinkage still 

affected this area significantly from time to time (Chen et al. 2005; Shi et al. 2008; Wu 

1983; Zong et al. 2011). Archaeological evidence from Hemudu culture sites (e.g., 

Hemudu and Tianluoshan; see details below) indicates that soon after the land was 

exposed with a layer of coastal sediment on top, humans occupied the Yaojiang Basin 

(Shi et al. 2008). They used the swampy lowland for about two thousand years until it 

was no longer habitable, with their rice fields and habitation areas suffering from periodic 

marine flooding during their occupation(s) (Zheng et al. 2012).  

Paleoclimate studies (e.g., Atahan et al. 2008; Qin et al. 2010; Wang et al. 2001; 

Wu 1983) show that between 7,000-5,000 BP, during the Hemudu Culture period, the 

Yaojiang Basin experienced a mid-Holocene Climatic Optimum: a warm and moist 
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period, with 2-4 degree C higher temperatures than the current average of 16.1 degree C 

and more precipitation than the current annual 1,000-1,250 mm. The overall climate and 

vegetation were typical of a tropical and southern subtropical monsoon zone, similar to 

Guangdong and Fujian provinces in China, 2-4 degrees of latitude to south, today. 

Around 6,000 BP, during the late Hemudu Culture, the average temperature and annual 

precipitation began to drop; they were close to current temperatures by around 4,000 BP 

(Sun et al. 1981; Wu 1983; Zhu and Zheng et al. 2003).  

The Lake Taihu area experienced similar processes of sea-level fluctuation, land 

exposure, and climatic changes (Chen et al. 2008; Qin 2006; Wu 1983). Although climate 

and natural resources between the Ningshao Plain and the Lake Taihu area then were also 

similar, the geological settings of the Neolithic sites were quite different. The chenier 

ridges (Fig. 2.2) which gradually formed between 7,000-4,000 BP east of the Lake Taihu 

depression, are topographically up to one meter higher than the adjacent coastal area, 

buffering sea water flooding, and would have sheltered the mid-Holocene populations 

living on the inland side (Chen et al. 2008). This contrasts with the Ningshao Plain which 

was exposed to the East China Sea and thus directly and severely affected by sea-level 

changes (Shi et al. 2008). Populations in these two regions developed different adaptation 

strategies (including but not limited to those of habitation locations, subsistence 

strategies, and technologies) and experienced different social and cultural trajectories. 
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Figure 2.2: Locations of archaeological sites in the Lake Taihu area in relation to the 

chenier ridges, 7,000-4,000 BP (redrawn from Chen et al. 2008: Figs. 2-4). 

Cultural background 11,600-5,000 BP on the Ningshao Plain 

Archaeological records show that, from late Pleistocene to early Holocene, human 

habitations on the Lower Yangzi Region might have moved from high to low elevations 

and traced the changing coastlines to colonize newly exposed lands that offered 

immediate freshwater accessibility. The possibility of early Holocene occupations in low 

elevation areas (that are now inundated) cannot be excluded (Sun and Huang 2004). 

However, a few clues, such as potsherds in the core samples collected from the layer 

beneath the coastal sediment deposited by 7,000 BP at the site of Tianluoshan (Sun and 

Huang 2004), suggest that the geological settings of all early Holocene sites might have 

been similar regardless of relative elevations. Specifically, sites might all have been 

situated on the Xiashu Loess, as represented by the sites of Shangshan and Kuahuqiao 

(see below).  
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To understand what happened on the Ningshao Plain between 7,000 to 5,000 BP, I 

examined archaeological records of land use and earth-working implements from a 

slightly broader region and over an extended period, including the Puyangjiang drainage 

east of the Ningshao Plain, where other early Holocene sites were found. I also briefly 

compare the history of land use on the Ningshao Plain with those of the neighboring Lake 

Taihu area from 7,000 to 5,000 BP (Fig. 2.1). Most data, especially regarding earth-

working implements and soil properties at the sites of Shangshan, Kuahuqiao, Hemudu, 

and Tianluoshan, were collected directly by me. Additional information was collected 

from excavation and research reports. 

Postglacial sea-level fluctuation and the resulting periodic land exposure and 

inundation greatly affected Neolithic choices for settlement placement in the Lower 

Yangzi Region (Chen et al. 2008; Shi et al. 2008; Stanley and Chen 1996). On the current 

Ningshao Plain, the vertical distribution of sites (as indicated by initial residential 

locations, i.e., the undisturbed or geological surfaces which humans first set foot on and 

dug through appears to be roughly parallel to the changing sea levels (as reconstructed by 

the depth of buried peats), with a consistent paleo-elevation of 2-5 meters (Fig. 2.3).  

 

 

Figure 2.3: Consistent paleoelevation of 2-5 meters of the mid-Holocene sites on the 

Ningshao Plain from the Kuahuqiao to Liangzhu period (redrawn from Shi et al. 2008: 
Fig.5). 
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The current Lake Taihu area was little occupied from 10,000 to 7,000 BP. Unlike 

the Ningshao Plain which was inundated during this period, the Taihu Lake area was 

partially exposed because of its relatively high elevation (C. Shi et al. 2011). However, 

because the hydrological system in the current Lake Taihu area might have been 

dominated by salt water even when sea water levels were relatively low, fresh water and 

associated alluvial sediment suitable for rice cultivation might not have been available, 

very few humans occupied this area (W. Shi et al. 2011). As fresh water gradually 

replaced brackish water and became commonly accessible, the Lake Taihu area was more 

and more densely occupied and witnessed the impressive cultural developments of the 

Majiabang (7,000-5,900 BP), Songze (5,800-5,300 BP), and Liangzhu (5,300-4,200 BP) 

cultures by 4,000 BP, when the Bronze Age began.  

The table below summarizs the archaeological cultures of early to mid-Holocene 

cultures on the Ningshao Plain, followed by more detailed discussion. 

 

Table 2.1: Early to middle Holocene archaeological cultures in the Lower Yangzi Basin 

Culture Number 

of sites 

found 

Distribution Approximate 

date BP 

Initial ground Earth-working 

implements 

Shangshan 10 Upper Qiantang 

Valley 

11,400-8,000 Xiashu Loess Digging stick (?) 

Kuahuqiao 5 Upper to lower 

Qiantang valley 

8,200-7,000 Xiashu Loess; 

Freshwater paleo-

coastal deposits 

Digging stick (?) 

Bone spades 

Early 

Hemudu  

5 Ningshao Plain 7,000-6,000 Freshwater paleo-

coastal deposits 

Bone spades 

Majiabang 80 Lake Taihu area 7,000-5,800 Xiashu Loess Spades of bone 

and stone; antler 

picks (?) 

Late Hemudu 30 Ningshao Plain 6,000-5,000 Xiashu Loess Stone spades 

Songze 80 Lake Taihu area 6,800-5,300 Xiashu Loess Stone spades 

Liangzhu 300 Lower Yangzi 

Basin, but mostly 

Lake Taihu area 

5,300-4,200 Xiashu Loess Stone spades and 

plows 
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Shangshan Culture (8,000-11,400 BP) 

Habitation placement 

The earliest evidence of open-air sites in the Lower Yangzi Region occurs in the 

Puyangjiang drainage, which is surrounded by hills and west of the current Ningshao 

Plain. The remains are categorized as belonging to the Shangshan culture (8,000-11,400 

BP), represented by the sites of Shangshan and Xiaohuangshan (Wang 2006; ZPICHA 

and PJ 2007). The Shangshan cultural sites are estimated to be less than 20,000 square 

meters each (ZPICHA and PJ 2007; Wang 2006). I use information from the Shangshan 

site to provide a snapshot of this adaptation. 

The initial Shangshan habitation is 48-49 meters above the present sea level, with 

fresh water readily accessible as indicated by the presence of alluvial sediment and 

phytoliths from freshwater plants (Lu and Jiang 2007; Mao et al. 2008). 

Small structures were constructed. Within the excavated 1,800 square meters, 107 

pits of undetermined functions and two “houses” were unearthed (Fig 2.4; Jiang and Liu 

2006; Jiang 2006; Wang 2006; unpublished documents provided by the excavator Leping 

Jiang). The two “houses” (F1 and F2) were identified based on the placement of 

postholes. F1 comprises three rows of postholes, each row with 10-11 postholes about 1.6 

meters apart, with three meters between rows. The postholes are straight-walled with 

round bottoms, 27-50 centimeters in diameter, and 70-90 centimeters deep. F1 is 14 

meters long and 6 meters wide. F2 comprises a foundation surrounded by a U-shaped 

trench on the east, north, and west sides. The remaining west trench is 8.5 meters long, 

one meter wide, and 0.1-0.26 meters deep (Jiang 2006). The plan(s) of these two 

“houses” are ambiguous. 
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Figure 2.4: An example of house construction (F1) at the site of Shangshan, indicated by 
three rows of postholes (after ZPICHA and PJ 2007: Fig.8). 

 

The site was built on Xiashu Loess, where the undisturbed soil people encountered 

was coarse and compacted, with 0-27.2% sand. Prehistoric anthropogenic deposits 

comprise similar percentages of sand (Mao et al. 2008: Table 1, Fig. 3). Given that the 

soil texture measurement was done with laser diffraction technique (with the particle 

sizing instrument Mastersizer 2000), the actual sand compositions may have been even 

higher (for detailed discussion of the advantages and disadvantages of the laser 

diffraction technique, see Eshel et al. 2004; Ramaswamy and Rao 2006; Rodríguez and 

Uriarte 2009). These soils are very difficult to penetrate even with modern hand-held 

agricultural tools assisted by continuous humidification of the ground surface (Leping 

Jiang, personal communication, December 2005; experimental data, see Chapter 5). 

The Shangshan site continued to be occupied in subsequent Kuahuqiao (8,200-

7,000 BP) and Hemudu (7,000-5,000 BP) periods (Unpublished documents, provided by 
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Leping Jiang), and later the surrounding areas were occupied by the Liangzhu population 

(5,300-4,300 BP) (Jiang 2006). 

Subsistence 

The overall human diet at these sites is unclear due to poor organic preservation 

conditions. Rice was consumed, as indicated by the presence of a few rice phytoliths and 

many rice husk-tempered ceramics; however, evidence of rice cultivation is ambiguous 

(Fuller et al. 2007; Jiang and Liu 2006). Wild, or at least uncultivated, seeds, grains, and 

acorns may have been frequently consumed as well, as indicated by the presence of 

grinding stones and results from starch analysis conducted on these grinding stones (Liu 

et al. 2010).  

Potential earth-working implements 

Earth-working implements are absent from the archaeological assemblages. 

Nonetheless, wooden digging sticks were likely present, as seven ring-shaped so-called 

“donut stones” were found at the sites. Similar artifacts are usually regarded as digging 

stick weights (e.g., Broadbent 1975; Burchell 1824:22; Clark 1959: Figs. 42 & 46; 

Henshaw 1887:8; Kramer 1966: Fig. 111). Even if formal digging sticks were not 

produced, similar earth-penetrating techniques may have been employed to break the 

ground. The presence of postholes at Shangshan and pointed wooden poles pounded 

directly into the Xiashu Loess substrate at Kuahuqiao (see below) indicates the efficacy 

of “digging stick” techniques for penetration of in this type of soil.  
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The Kuahuqiao Culture (8,200-7,000 BP) 

Habitation placement 

Around 8,000 BP, sea level rise slowed and the soil depositional rate increased (Qin 

2006). The area between the current Hangzhou Bay and the terrestrial settings the 

Shangshan populations occupied turned from a bay to a combination of freshwater 

wetlands and lagoons (Innes et al. 2009). Humans occupied this area almost immediately 

after it became habitable (Innes et al. 2009). So far, five sites—Kuahuqiao ( ), 

Xiasun ( ), Shangshan ( ), Xiaohuangshan ( ), and Qingdui ( )—have 

been discovered. These sites are situated from the upper to the lower Qiantang river 

valley (Jiang 2010). Kuahuqiao and Xiasun lie two kilometers from each other, in a 

shallow depression between two lines of hills, on surfaces about 4 meters above the 

present local sea level (ZPICHA and XM 2004).  

The Kuahuqiao site, estimated at 30,000 square meters (ZPICHA and XM 2004: 

11), was used for over a millennium (ca. 8,200-7,000 BP); 1,080 square meters of the site 

have been archaeologically excavated (330 m2 on the Xiashu Loess and 750 m2 on the 

lucustrine sediments; see ZPICHA and XM 2004: 7-9). The site was situated on a 

hillside, with the initial habitation surface at less than one meter above the present sea 

level (Shi et al. 2008), and comprised of Xiashu Loess. Adjacent to the eastern rim of the 

habitation zone was an ancient lake at elevations of one to two meters below the 

habitation surface (Shi 2009:14; ZPICHA and XM 2004:40-42). The ancient lacustrine 

deposit is waterlogged, resulting in excellent organic preservation found when the site 

was excavated in 2001 and 2002 (ZPICHA 1997). 
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The earliest stage of occupation (8,200-7,500 BP), represented by small 

constructions, is concentrated in Xiashu Loess (excavated in 1990; see ZPICHA 1997; 

ZPICHA and XM 2004: 227) on the bank of an ancient lake or pond (excavated in 2001 

and 2002; see ZPICHA and XM 2004). A canoe with wooden paddles was found close to 

the western margin of the lacustrine sediment (ZPICHA and XM 2004: 43-46, Figs. 2.31 

and 2.32); it was probably used during the earliest stage of the occupation. During the 

occupation(s), the lake/pond level decreased gradually and the habitation area(s) 

extended further east as the freshwater body shrank, although the main activities were 

concentrated in the core area, away from the lacustrine sediments (ZPICHA and XM 

2004: 227). The site was abandoned by 7,000 BP due to a severe transgression, as 

indicated by a layer of coastal sediments up to a meter thick on top of the anthropogenic 

deposits (ZPICHA and XM 2004: 227-228, 238; Shi et al. 2008; Innes et al. 2009). This 

layer of coastal sediments covers the lowlands of the Ningshao Plain on which the 

subsequent Hemudu populations settled (see below). 

The majority of the site has been destroyed by modern human activities and no 

features have been found intact. Nonetheless, a few fragmentary features provide a 

snapshot of landscape modification at the time. Houses, pits, a platform, a trench, and the 

burial of a child have been uncovered.  

Houses appear to be at ground level. During cultural Stage I (8,200-7,800 BP), 

houses, represented by the features of F4, were rectangular with clay walls. The clay 

walls were erected by pounding pointed wooden poles directly into the ground 

approximately 30 centimeters apart, and then further embedding them in clay to form a 

wall up to one meter thick (Fig. 2.5). A small area of the house floor was intentionally 
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burned. In addition to F4, several rows of erect wooden poles in postholes were found, 

probably belonging to other house constructions. In the lacustrine deposit underneath the 

canoe, poles were erected in the same way, perhaps to support the canoe when it was 

being repaired (ZPICHA and XM 2004: 43-46, Fig 2. 31 and 32). Wall formats of houses 

in Stage II and III are less clear. In stage II (7,700-7,300 BP), House F2 is indicated by 

the presence of erect pointed wooden poles in postholes, forming a corner of a 

rectangular construction. A small area of burned surface was found in F2. The house’s 

earth floor was partially covered with mats. Clues indicates that F2 superposed and might 

have been built over the ruins of two other houses. In addition to regular houses, a 

platform and a trench with ambiguous functions and a child's burial were found in Stage 

II (ZPICHA and XM 2004). Construction #B is a platform, 10x10 meters wide and 1.6 

meters (remaining) tall. This platform has up to 19 directly superimposing surfaces; 18 of 

the surfaces were partially burned, with one to four pits with ambiguous function(s) 

associated with each ground surface. One of the lowest surfaces shows several postholes 

in a row. G1 is a trench about 2.5 meters wide and 40 centimeters remaining deep, filled 

with garbage such as bark, wooden chips, wooden artifacts, and a few potsherds. The 

child burial (M1) at Kuahuqiao also belongs to Stage II; however, the dimensions are 

unclear. Stage III (7,200-7,000 BP) includes House F1 and Construction #C. F1 shows 

long wooden boards as fences and three superposed surfaces. The earliest is compact and 

hard while the latter two are less compact. Construction #C is rectangular, with a hard-

packed surface with eight postholes randomly scattered within the construction. 
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Figure 2.5: Plan and profile of remaining F4, an example of house construction, at the site 
of Kuahuqiao, indicated by southern corner of the clay walls embedding pointed wooden 

poles (Z1-Z18) pounding into the ground (after ZPICHA and XM 2004:25, Fig.15). 

 

Twenty-five pits were found at Kuahuqiao (ZPICHA 1997). Some of these were 

acorn storage pits, as indicated by the presence of acorns inside. These storage pits were 

usually constructed with wooden frames inside and/or on top (Fig. 2.6), resembling the 

structures of wet-type storage pits in eastern Jomon Japan (see discussion of the Hemudu 

culture below). Some pits were constructed without wooden frames, and their functions 

are ambiguous. 
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Figure 2.6: An example (H17) of wet-type storage pits at Kuahuqiao (after ZPICHA and XM 
2004:27, Fig.16, Plate 7.1). 

 

The Xiasun site appears to contain pits densely dug into the Xiashu Loess (Fig. 

2.7). Within five hundred and fifty square meters of the archaeologically excavated area, 

64 pits and six postholes were found. Poles were erected in relatively large pits rather 

than directly pounded into the ground. Because anthropogenic deposits are very thin 

(only up to 15 centimeters) and the dense pit constructions do not show any evidence of 

superposition, the site may have been used only briefly (ZPICHA and XM 2004). The 

dimensions of these pits are relatively small (for the 53 pits with dimensions reported, the 

depths ranged 0.1-0.9 m, with a mean of 0.35 m and a median of 0.48 m, SD = 0.19; the 

lengths ranged 0.25-1.39 m, with a mean of 0.45 m and a median of 0.38 m, SD = 0.21) 

and their functions are ambiguous. They could be results of soil procurement for ceramic 

production (ZPICHA and XM 2004) and/or for plastering walls of features like those of 

F4 at Kuahuqiao. Further investigation is needed to determine these pits' functions. 
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Figure 2.7: Dense concentration of pits dug in the Xiashu Loess at Xiasun, a Kuahuqiao 
cultural site (redrawn from ZPICHA and XM 2004: Fig. 183). 

 

Subsistence 

The Kuahuqiao population relied principally on hunting (mainly deer, boar, and 

water buffalo), fishing, and gathering, complemented with rice cultivation (and probably 

management of other aquatic wetland and woodland plants as well), and domesticated 

pigs and dogs (Fuller et al. 2008; Pan 2011, 2013; Yang and Jiang 2010; ZPICHA and 

XM 2004; Zheng et al. 2012).  

According to Pan (2011, 2013), freshwater wetland (hydrophyte) plants 

proportionally dominated the Kuahuqiao plant subsistence in Stages I and II (8,200-7,300 

BP), but they decreased dramatically in Stage III (7,200-7,000 BP) while forest edge 

fruits increased and became dominant proportionally. Rice consumption consistently 

decreased proportionally in the overall plant subsistence from Stages I to III. Although 

the frequency of rice remains reached its peak in Stage II, it decreased dramatically in 
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Stage III, a likely result of the shrinkage of the associated freshwater body (ZPICHA and 

XM 2004; Pan 2011:269) and intensified management and use of forest edge resources 

(Pan 2011:269).  

Rice cultivation at Kuahuqiao might have relied on fire in the beginning, to clear 

Alnus-dominated scrub wetlands and maintain wet grassland vegetation in a grass-reed-

swamp environment, but later farmers might have combined burning and manuring, and 

perhaps also soil disturbance and erosion (Innes et al. 2009; Zong et al. 2007). The 

natural freshwater wetland used for rice cultivation may have been inundated briefly by 

marine water between episodes of rice cultivation (Innes et al. 2009). 

Potential earth-working implements 

Several spade-shaped implements crafted from wood and large mammal scapulae 

were found at the Kuahuqiao site; they are assumed to be earth-working tools (Fig. 2.8; 

ZPICHA and XM 2004). An example resembling an antler pick, as they are called in the 

West, was also found at Kuahuqiao (ZPICHA 1997); it was called an “antler hook 

implement ( )”. No implements with potential earth-working functionality have 

been found at Xiasun. 
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Figure 2.8: Possible earth-working implements of the Kuahuqiao culture. Both unearthed 
from the Kuahuqiao site (after ZPICHA and XM 2004:209, Plate 36, Fig. 161). 

1&2. bone spade 2001XKT0410(5)A:6, 13 cm long, 8 cm wide, with a 2.8 cm wide, 8.8 cm deep shaft hole in 
the center of the glenoid fossa of the scapula; 3. wooden spade T0512(9)A:1, blade 28 cm long and 16.6 cm 

wide, remaining handle 5cm long. 
 

Hemudu Culture (7,000-5,000 BP) 

Habitation placement 

After the marine transgression that inundated most of the current Ningshao Plain, 

including the Kuahuqiao cultural area, by 7,000 BP, a gradual regression began. The land 

was exposed again and a large number of lakes and waterways began to form on the 

lowlands of the current Yaojiang Basin (Shi et al. 2008). The current Yaojiang Basin is 6-

8 kilometers south-north and 35 kilometers east-west. 

The early Hemudu culture (7,000-6,000 BP) appeared in the center of what is now 

the Yaojiang Basin, mostly along the Yaojiang River and close to the foothills of the 

Simingshan Range, soon after lands were exposed (Shi et al. 2008). In the late Hemudu 

Culture period (6,000-5,000 BP), the distribution of Hemudu sites (e.g, Cihu, 

Xiaodongmen, Xiangjiashan, Mingshanhou, and Tashan) expanded to the east and west 
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of the current Yaojiang Basin and the early Hemudu sites (e.g., Tongjia'ao, Zishan, 

Fujiashan, Tianluoshan, and Hemudu) continued to be occupied (Qin et al. 2010; Shi et 

al. 2008). However, throughout the Hemudu period, humans appear to have occupied 

only foothills and slightly higher hillsides along the northern and southern rims of the 

Ningshao Plain, never scattering their settlements over the current Yaojiang Basin.  

After 5000 BP, the Yaojiang Basin experienced a period of salinization lasting 

about 500 years, partially because the estuary of the Yaojiang River shifted from 

northwards to eastwards, causing tidal seawater encroachment twice each day (Qin 

2006).  

Early Hemudu cultural sites fall between 10,000-50,000 square meters in extent 

(NMICRA 2013; ZPICHA 2003a, 2011; ZPICHA et al. 2007; ZPICHA and XU 2001). 

The initial occupation surfaces at the four sites that have been reported—Hemudu, 

Tianluoshan, Fujiashan, and Zishan—are all situated on coastal sediments (ZPICHA 

2003a, 2011; ZPICHA et al. 2007; ZPICHA and XU 2001; Ningbao 2013). These sites, 

located within seven kilometers of one another and at similar elevations, continued to be 

used in the late Hemudu period (i.e., after ca. 6,000 BP). The Hemudu site is situated in 

the northern foothills of the Simingshan Range while Zishan and Tianluoshan are located 

in the southern foothills of the Cuipingshan Mountains (Fig. 2.9). The ecological and 

geological settings of these sites might have been similar to those of the Kuahuqiao 

culture, situated between lowlands and hills, adjacent to freshwater bodies but also near 

the ocean, and with immediate accessibility to a great variety of natural resources present 

at different elevations (Pan 2011:144) 
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Figure 2.9: Map of the Ningshao Plain with locations of major Hemudu sites. 
Names of early Hemudu sites in bold. 

 

The landscape modifications during the Hemudu cultural period mainly include pits 

for a variety of functions (e.g. storage pits and pole-pits), rice fields, and burials. Rice 

fields were found at only one site, Tianluoshan. Ditches and “wells” (at <1.5 m remaining 

depth, they could have been wet-type storage pits rather than wells) appeared only in the 

late period (6,000-5,000 BP).  

The site of Tianluoshan is the most recently and systematically excavated Hemudu 

cultural site (excavations are still ongoing); I will use it as a snapshot of the time. 

Information on Tianluoshan is drawn from excavation and research reports (Sun et al. 
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2013; ZPICHA 2011; ZPICHA et al. 2007) as well as my own observations made during 

my participation in the Tianluoshan excavations in 2010 and 2011. 

Situated on a foothills slope, the Tianluoshan habitation site inclines slightly from 

east to west. House constructions were concentrated in the slightly higher eastern section. 

In the Early Hemudu culture, houses were pile-dwellings. In Stage I (7,000-6,500 BP), 

the earliest houses (built above Tianluoshan Layer 8 and Hemudu Layer 4) were 

constructed by pounding pointed wooden poles (approximately 10 cm in diameter) 

directly, deeply (>100 cm), and densely (10-20 cm apart), into the coastal sediments (Sun 

et al. 2013; ZPICHA 2003a; ZPICHA and XU 2001). This technique resembles that 

employed by the Kuahuqiao populations, although it may have been much easier in the 

Yaojiang Basin since the poles were pounded into much softer soils comprised of coastal 

sediments (e.g., TLS(8), with penetration resistance measured below 4.18 kg/cm² when 

saturated; see below and Chapter 5). The structures appear to have been long 

constructions (Fig. 2.10), although the number of house units and the size of each unit in 

a single long construction are unclear due to the limitations of the excavation area and 

their waterlogged condition that made it difficult to identify the stratigraphy (Sun et al. 

2013; ZPICHA 2003a; ZPICHA and XU 2001). According to research conducted at the 

Hemudu site, each such construction is over 23 meters long and seven meters wide, with 

a frontal corridor of about 1.3 meters wide running along the length of the house. The 

floors, constructed of planks and probably covered with mats, are estimated to have been 

0.8-1 meter above the ground. The houses were probably sited along the shore of a pond 

or river (ZPICHA and ZPM 1978). 
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Figure 2.10: Partial layout of wooden components of house structures unearthed under 
Layer 4 (the earliest deposit) of the Hemudu site (after ZPICHA 2003a: Plate 5; 16, Fig.6 and 

Page 20, Fig.8). 

 

Soon after these initial constructions, large pits were constructed to hold much 

larger, rectangular wooden poles above Tianluoshan Layer 7 (Sun et al. 2013; ZPICHA 

2003a; ZPICHA and XU 2001). Both rectangular long houses and square houses were 

built. The largest house identified at Tianluoshan is located at the center of the village 

and estimated at 300 square meters (Sun et al. 2013), raised by 20 rectangular poles 

crafted from Lauraceae,each 20-53 cm wide, standing in a pit 50-80 cm wide and 60-100 

cm deep. Smaller houses were raised by smaller poles crafted from Sibina, each 10-30 cm 

wide and standing a pit 30-60 cm wide and approximately 60 cm deep (Fig. 2.11-1, 2, 3). 

The western border of the village was marked by erect wooden planks (Fig. 2.11-4). A 

log path, probably across a creek, bridges the gap between the village and the area 

outside (Sun et al. 2013; ZPICHA et al. 2007) (Fig. 2.11-4). 
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Figure 2.11: Examples of constructions at Tianluoshan dating to 7,000-6,500 BP, Hemudu 
Stage I. 

1&2. Sets of rectangular poles supporting medium to large pile-dwellings, coded as constructions F3 and F4 
respectively; 3. Example of a pole standing in a pole-pit; 4. Erect wooden planks with a log path at the 

western border of the village (1&2 after ZPICHA et al. 2007: Figs. 3, 4; 3&4 photos provided by Guoping 
Sun, the excavator). 

 

In Stage II (6,500-6,000 BP, built above TLS Layer 5 and HMD Layer 3), houses 

were still pile-dwellings, either rectangular or circular. Several burials and many pits 

were also uncovered (Fig. 2.12). Many pits of similar sizes to the pole-pits of Stage I 

have wooden boards placed on the bottoms (Fig. 2.12-4). These pits have been 

interpreted as pole-pits, with the boards on the bottom placed there to better support the 

vertical poles (Sun et al. 2013). However, because so far no poles have been discovered 

in such pits, it is likely that these pits were for other purposes, perhaps resembling wet-

type storage pits.  



 

61 

 

 

Figure 2.12: Pits for a variety of purposes dating to Hemudu Stage II at Tianluoshan.         
1. Regular burial; 2. Urn burial; 3. Possible trash pit; 4. Pit with wooden boards on the bottom (pole-pit or 

wet-type storage pit) (Photos 1-3 provided by Guoping Sun, the excavator; 4 after ZPICHA et al. 2007: 

Figure 9; scales = 30 cm). 

 

From 6,300 to 6,000 BP, the Yaojiang Basin experienced a marine transgression; 

brackish water inundated rice fields as well as at least the western part of the ancient 

Tianluoshan village, because it is lower. A layer of coastal sediment (as indicated by 

Layer 8 in the rice fields) covered the early Tianluoshan rice fields (Zheng et al. 2012) 

and habitation zone around the log path and village fence area (Li et al. 2009; ZPICHA 

2011). 

It is possible that this marine transgression caused temporary abandonment of early 

Hemudu sites; at least it is apparent that such sites were not used for residential purposes 

for a while, as indicated by the absence of clear house constructions dating to Stage III 

(6,000-5,500 BP) at both Tianluoshan and Hemudu. Although at least ten “pole-pits” 

were reported to have been found at Tianluoshan (underneath Tianluoshan Layer 4) (Sun 

et al. 2013; ZPICHA 2011) in the area close to the creek, they usually have one to six 
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segments of large wooden boards instead of a pole inside; when “poles” occasionally 

appear in the pits, they are extremely short (Sun et al. 2013) and may not have been poles 

at all. Occasionally rocks are found in the pits. All these features resemble the wet-type 

storage pits in Jomon Japan. In fact, around these pits, many pits of similar sizes and 

shapes were found containing thin layers of clay and acorns as well as other nuts and 

occasionally one to two incomplete ceramic vessels, suggesting that these pits were used 

to store or process nuts (Qin et al. 2006; ZPICHA et al. 2007). The dense distribution of 

plant food refuse, e.g., carbonized rice, fragmentary shells of water caltrops (Trapa 

bispinosa), acorns, and foxnuts (Euryale ferox), and persimmon seeds (Diospyros sp.) in 

this area (around the log path) also suggests that this was a zone where most food 

processing activities and storage took place (Pan 2011: 281). 

In Jomon Japan, wet storage pits were constructed in swampy areas associated with 

creeks and springs for storage and/or processing nuts, including acorns and buckeyes 

(Izumi 1996; Okamura 1995a, 1995b; Sakaguchi 2009), which contain either tannic acid 

or poisonous alkaloid constituents and thus need to be leached prior to consumption. 

Some such pits were found with wooden frames, perhaps of containers used for soaking 

nuts in water. Leaves, wood fragments, clay, mats, and baskets may be used in wet-pits to 

contain nuts as well. Soaking nuts in wet-type storage pits may have helped to remove the 

poisonous elements (Kobayashi 2004:82), prevent the nuts from germinating for up to ten 

years (Imamura 1988; 1996:121), and/or eradicate insects (Tamada 1996). 

After a short time (over the deposition of Layer 4) of non-residential use, house 

construction, probably ground-based, reappeared at Tianluoshan on the surfaces of 

Layers 2-3. These houses were constructed by erecting poles in shallow pole-pits of 
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various sizes, then filling the extra spaces in the holes with rocks, fragments of wood, and 

burned clays. A few burials were also constructed at Tianluoshan. During the last stage of 

residence, the site area was maintained only on the previous higher ground (Sun et al. 

2013). Probably beginning from this period, the micro-environment of both Tianluoshan 

and Hemudu became relatively dry, as indicated by the presence of ground-based houses 

and wells (J1) at Hemudu and Zishan. Around 5,500 BP, the habitation zone of the 

Tianluoshan site was completely abandoned (Sun et al. 2013; ZPICHA 2011; ZPICHA et 

al. 2007), probably a direct result of a small marine transgression, as indicated by the 

deposits that comprise Layer 6 in the rice fields (Zheng et al. 2012). This small 

transgression significantly decreased rice yields but may not have completely terminated 

rice production (Zheng et al. 2012), and the rice fields continued to be used until the later 

Neolithic Liangzhu Culture, several hundred years later (Zheng et al. 2009, 2012). It is 

possible that the populations lived at other sites at safer, higher elevations while 

continuing to take advantage of the flooding areas at Tianluoshan for rice cultivation as 

well as other wetland resources. 

In addition to the abandonment of lower elevation areas of the residential zones, 

and eventual abandonment of all residential zones at the Early Hemudu sites, the marine 

transgression may also have caused populations to separate and relocate. Although the 

early Hemudu sites continued to be used, many sites appeared after the transgression; 

they are archaeologically categorized as the Late Hemudu culture (6,000-5,000 BP), 

including Cihu, Mingshanhou, Tashan, Xiaodongmen, Xiangjiashan, and Loujiaqiao, 

located at slightly higher hillsides (Fig. 2.9). These sites were occupied over a thousand 

years, beginning in the Late Hemudu period (6,000-5,000 BP) and continuing into the 
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subsequent Liangzhu period (5,200-4,300 BP) or even until the early Bronze Age around 

4,000 BP (e.g, the Loujiaqiao, Xiangjiashan, and Tashan sites). For example, 

Xiangjiashan (Sun and Huang 2000) is situated close to the Early Hemudu cultural sites 

(1.5 kilometers northeast of Hemudu and around six kilometers south of Tianluoshan) but 

at a higher elevation. It has two zones. The southern zone was built directly on the coastal 

sediment that resulted from the transgression, the paleoelevation of which was 1.2-2 

meters higher than those of the initial residential grounds of Hemudu and Tianluoshan, 

and the northern zone was built on Xiashu Loess, on hillsides six meters higher in 

elevation (Sun and Huang 2000). The site dates to as early as ca. 6,300 BP, and the 

earliest ceramics display transitional styles between Early and Late Hemudu (Sun and 

Huang 2000: 403). Features built in this period include eight pits with undetermined 

functions, four on Xiashu Loess and another four on coastal sediments. During Hemudu 

cultural Stage III (6,000-5,500 BP), more features were constructed, including 13 pits and 

five ceramic urn burials. The burials were constructed in the northern zone, while the 

majority of the pits appear in the southern zone and have yielded evidence of acorn 

storage/processing, with leaves, mats, a layer of fine sand, and sometimes also acorns. 

These southern zone pits are located in a swampy area that was then probably associated 

with a pond (Sun and Huang 2000). A road (L1) was built to access the southern swampy 

area from the upper, drier northern section; its northern part was paved with large rocks 

while the southern part was composed of smaller rocks with wooden poles of 5-10 cm in 

diameter pounded directly into the ground. During Hemudu Cultural Stage IV, findings 

were concentrated in the southern zone: rows of wooden poles with ambiguous functions 

and, other than that, deposits that appear to be secondary, probably relocated from the 
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upper portions of the site. The site was also used during the Bronze Age. Ceramics from 

different stages of occupation show discrete, changing characteristics; even those dating 

to the Hemudu period show gaps between the earlier stage and the later stage (Sun and 

Huang 2000). Together these findings indicate that the site might have been used on and 

off over thousands of years for specific purposes rather than as a regular, stable 

settlement. Clues from other Later Hemudu culture sites also evince a functional division 

among sites rather than a complete residential layout at any single locality. For example, 

the Tashan site was used mainly as a cemetery during Hemudu culture Stage III. Thirty-

seven burials were found, associated with a few specific constructions with unclear 

formats, as indicated by unique distribution of postholes (ZPICHA and XCCRMC 1997). 

The Tashan site continued to be used as a cemetery in Hemudu Cultural Stage IV 

(although with obvious cultural impact from the Songze Culture from the Lake Taihu 

area); it is associated with a ground-based construction. The site was also used in the 

subsequent Liangzhu period and Bronze Age, with spades and tips of plows crafted from 

stone. 

The “Hemudu culture” appears to decline after the transgression, with smaller sites 

and thinner anthropogenic deposits at sites that were previously occupied and far fewer 

artifacts, features, and sophisticated carving arts; the variety, style, and decorations of 

ceramics also changed to a degree that many regard as indicative of a different 

archaeological culture. Compared to the early Hemudu sites, the Late Hemudu sites are 

smaller, estimated at 400-20,000 square meters, most of them smaller than 10,000 square 

meters. Ceramic analysis shows that the Late Hemudu culture was culturally impacted by 

its neighbors from the Lake Taihu area, the Majiabang and subsequent Songze 
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populations (Ding 1999b:50; Jiang 2006; ZPICHA and XCCRMC 1997). People from 

Majiabang may have begun to migrate to the Ningshao Plain, as evidenced by the site of 

Siqianshan at Shaoxing (Wang 2009) and the presence of Group Jia burials at the Tashan 

lower layers ( ; HPC 1999:11; Jiang 1999:32). The apparent “decline” 

of the Hemudu material culture may have been associated with less stable but probably 

safer (in terms of lower risk of inundation resulting from tsunamis, tides, typhoon storms, 

etc.), life styles of residential mobility exploiting various landscape facets across the 

region for specific purposes. Previous experiences of living on the wetlands during an 

unstable sea level period may have been challenging, because of periodic interruptions of 

rice cultivation and other fresh water resource availability and even partial inundation of 

the lower sections of the sites' habitation areas. The significant transition of cultural 

characteristics reflect humans' adjustments through geographic relocation to a “better” 

(safer, less inundation-prone) habitat and accordingly adopting different implements, 

especially tools associated with landscape modification (see below), and producing 

different utensils, specifically ceramics, as clay resources might have also changed. 

Under such uncertain conditions, communities may have been more likely to adopt 

cultural elements from other communities and/or to cooperate with them. Ceramic 

analyses suggest that during the Late Hemudu period, impacts from the later Majiabang 

and Songze culture, north of Hangzhou Bay, on the Hemudu culture intensified. 

Although cultural interactions between the northern and southern margins of Hangzhou 

Bay were present also in the previous Early Hemudu period, those earlier interactions 

were more subtle and do not suggest strong influence of one culture on another (Ding 

1999a).  
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Few late Hemudu culture sites have been systematically excavated. Their relative 

locations might have been similar to the previous, Kuahuqiao cultural period, with initial 

residential areas mainly situated on Xiashu Loess but also extended to the wetlands, for 

example, Xiangjiashan as discussed above, Xiaodongmen (ZPICHA 2002:19), and 

Tashan and Loujiaqiao (Leping Jiang, personal communication, April 2013). Although 

house plans on the hill slopes are unclear, ground-level houses may have been 

constructed, as indicated by the presence of postholes and ground-level hearths at 

Xiaodongmen. 

Anthropogenic deposits at the sites of Tianluoshan and Hemudu are 2-4 meters 

thick (ZPICHA 2003a; ZPICHA et al. 2007), and constructions in Stages II-III would 

have involved digging through anthropogenic deposits, with a much coarser texture 

making them more difficult to excavate when dry compared to the initial coastal 

sediments (Chapter 5). The increased scale of land modification as well as the change of 

ground texture would have made house and pit constructions more labor- and time-

intensive, and would have worn down earth-working implements much more quickly. 

Subsistence 

The Hemudu population had a broad diet. Plant subsistence included resources 

from the wetlands (mainly rice, water caltrop, and foxnuts), forest edge (mainly Quercus 

acorns), and open lands (e.g., bottle gourds); the majority of plant foods came from the 

first two habitats (Fuller et al. 2007; Pan 2011, 2013; Qin et al. 2010; Zheng et al. 2012). 

Animal protein came mainly from fishing (principally for freshwater species) and hunting 

(mostly deer, boar, and water buffalo), although a small number of domesticated pigs 

were kept (Yuan et al. 2008). 
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Archaeobotanists have reported different percentages of each type of food in the 

subsistence system throughout Tianluoshan's occupation period. For example, Pan (2011, 

2013) suggests reduced consumption of freshwater wetland foods including rice, and 

increased consumption of forest-edge food resources including acorns from Hemudu 

Cultural Stages I to II, while Qin and colleagues suggest the opposite (Qin et al. 2010). 

Nonetheless, all conclude that rice was cultivated throughout the Hemudu period and the 

significance of rice consumption in the plant diet overall increased, although it never 

became dominant. Pan (2011; 2013) argues that this long-lasting non-rizicentric diet 

resulted from low-level resource production through comprehensive management of 

wetland and woodland resources. In contrast, Fuller and colleagues speculate that rice 

cultivation did not become intensive in the Hemudu foraging-cultivating societies over 

thousands of years of practice because those societies lacked a social structure that could 

provide sufficient labor support to create and maintain the earthworks of the necessary 

built ecosystem, i.e., an artificial paddy-field system (Fuller et al. 2010; Fuller and Qin 

2009, 2010). This speculation seems reasonable, especially when we compare the overall 

contexts in the Yaojiang Basin with other areas such as the Lake Taihu area and the 

Middle Yangzi area, regions that witnessed the combined developments of intensive 

paddy-field rice cultivation and social hierarchy (Fuller and Qin 2009, 2010). A transition 

from extensive to intensive agricultural in Mesopotamia also is accompanied by 

increasing social stratification (Adams 1966:35). 

The Hemudu populations utilized natural freshwater wetlands to cultivate rice 

without irrigation systems or any other forms of water management (Fuller and Qin 2010; 

Nakajima et al. 2012; Zheng et al. 2009). The rice fields identified at Tianluoshan lie 
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west of the habitation area and at lower elevations, with 6.3 hectares associated with the 

early Hemudu habitation area and another 7.4 additional hectares dating to approximately 

6,000-4,500 BP (Zheng et al. 2009, 2012), a period spanning the late Hemudu Culture 

through the later Neolithic Liangzhu Culture. Average yields of the Tianluoshan rice 

fields are estimated to have been about 830 kg per hectare for the early plots and roughly 

950 kg per hectare for the later ones (Zheng et al. 2009). Evidence drawn from phytoliths, 

seeds, and diatoms consistently suggests freshwater wetland environments prevailed 

when the rice fields were used. However, before, after, and between the periods when the 

early (6.3 hectares) and late (7.4 hectares) rice fields were used, the rice-field area was 

dominated by offshore, coastal, and intertidal plants (Zheng et al. 2012). The 

transgression took place around 6,400-6,300 BP, causing seawater to inundate large areas 

of rice fields and temperately disabling rice production (Zheng et al. 2012).  

Potential earth-working implements 

Digging sticks are scarce and found only at Tianluoshan (Fig. 2.13-1). Spade-like 

implements were more common, mostly crafted from bone with a few made of wood 

(Fig. 2.13-2, 3). The only potential earth-working implement found at Zishan was one 

wooden spade (ZPICHA and XU 2001). A small number of spade-like stone tools 

appeared in the early Hemudu culture (e.g., thin perforated axes crafted from bedded tuff, 

or axe Style E, as categorized by ZPICHA (2003a:73-74). In the Late Hemudu culture, 

five spade-like stone tools were recovered from Tianluoshan and one from Tashan; most 

of these are fragmentary. The specimens from Tianluoshan were crafted from tuff and 

fine-grained sandstone or siltsone (identified by geologist Yaozhong Wang, Tianluoshan 

unpublished documents). The number of wooden and bone spades declined dramatically 
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in the archaeological record beginning in the early Late Hemudu period; in contrast, the 

number of perforated stone “axes” and the use of sedimentary stone as a raw material for 

the production of stone tools consistently increased (HPC 1999:5). 

 

 

Figure 2.13: Probable Hemudu culture earth-working implements.      
1. Digging stick found at Tianluoshan (after Zheng et al. 2009: Fig. 3); 2. Wooden spade from Tianluoshan, 

blade 15.1 cm wide, 1.15-1.35 cm thick, 32 cm long with 7 cm long remainng handle (photo provided by 
Guoping Sun); 3. Bone spade from Hemudu, 17.2 cm long and 8.5 cm wide, edge angle 29-32 degrees. 

 

At Tianluoshan, a small number of bone spades appeared in Hemudu culture Stage 

I (Layers 7-8 in the residential area). They appear to become most abundant in Hemudu 

stage II (Layers 5-6 in the residential area), but their number declined dramatically in 

Stage III (Layers 3-4 in the residential area). Given that the excavated area of Layers 7 

and 8 was much smaller in comparison with those of subsequent stages, the density of 

scapular implements dating to Stage I might have been higher. At Hemudu, bone spades 
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were most abundant in Hemudu cultural Stage I, decreased greatly in Stage II, and absent 

in Stages III and IV.  

At Cihu, a waterlogged site spanning the Late Hemudu and subsequent Liangzhu 

periods, many wooden implements, including a few spades, were uncovered, while no 

bone spades were found, indicating that the apparent decline in numbers of bone spades 

in the Late Hemudu period (i.e., after 6,000 BP, Hemudu cultural Stages III and IV) was 

not a bias resulting from poor archaeological preservation. 

Liangzhu Culture (5,300-4,200 BP) 

By 5,000 BP, the Lower Yangzi Basin experienced the emergence of the chiefdom-

level Liangzhu society, which was centered in the Lake Taihu area with extensive 

territory to the south. 

Liangzhu society was characterized by large scale landscape modification, 

including many elite graves built on rammed earth platforms, construction of a large 

walled town, and extensive artificial agricultural fields. Not coincidentally, large numbers 

of stone implements including groundstone spades (called “yue”) and plow-like 

implements were employed by the Liangzhu Culture (see below). 

Compared to those in the Lake Taihu area, the material remains of the Liangzhu 

Culture on the Ningshao Plain appear to include only those from the non-elite ranks of 

the society. So far, only one small rammed earth platform has been found in this area at 

Mingshanhou (MAT 1993). This site has also yielded the earliest stone implement used 

as an “elite” grave object on the Ningshao Plain; this object was a groundstone yue spade 

(MAT 1993). 
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Summary 

In the Late Pleistocene, humans began to settle on open lands in the Lower Yangzi 

Region. Easy access to fresh water was a consistent feature of later Holocene Neolithic 

sites. The earliest locations were situated at relatively high elevations, as indicated by the 

locations of Shangshan culture sites. Small constructs, represented by houses of 

ambiguous forms and pit constructions, were built. Because wooden sticks were the only 

tool for ground penetration, and the soil (Xiashu Loess) they penetrated was compact and 

relatively coarse, any construction would have been challenging.  

From ca. 8,000 to 4,000 BP, periodic marine transgressions and regressions, as well 

as other hydrological changes, created swampy lowlands with freshwater bodies. Early in 

this period, 8,000-6,000 BP, spanning the Kuahuqiao and Early Hemudu cultures, 

humans settled on the boundaries of the freshwater lowlands and the foothills 

surrounding the Yaojiang Basin, first concentrated mostly in the foothills, but over time, 

they moved toward the lowlands and constructed pile-dwellings as well as wet-storage 

pits there. Rice cultivation was practiced in natural wetlands without water managing 

facilities; tillage might have been needed.  

Although landscape modification might have extensified because of the uses of 

large areas of rice fields on the wetlands, compared to the previous period, earth-working 

in the Early Hemudu period might have become easier because swampy grounds were 

softer.  

During this period, digging sticks continued to be used, but probably less than 

before; wide-bladed earth-working implements, mainly crafted from bone with a few 

from wood and stone, appeared in large numbers. Around 6,000 BP, a marine 

transgression inundated the lowlands, including part of the habitation zone and all rice 
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fields. After that, the Hemudu populations geographically relocated to slightly higher 

elevations on the surrounding hillsides; however, they continued to manage the swampy 

lowlands for rice cultivation and other wetland resources when those areas became 

accessible again.  

The Late Hemudu culture (ca. 6,000-5,000 BP) continued to rely on a broad 

spectrum diet; rice cultivation never became intensive. The scale of landscape 

modification might not have increased in the Late Hemudu period, but at least some of 

the work would have been as challenging as it was in the earliest open-air occupied 

periods (i.e., Shangshan and Kuahuqiao) if the same earth-working methods were 

applied. Late Hemudu villages became smaller but more numerous, and the uses of these 

sites became more specific. Bone and wooden spade-like implements exist but are less 

abundant than in the Early Hemudu period. In the meantime, stone spade-like implements 

increased in number and these could have been used for earth-working. In this period, the 

Ningshao population began to adopt cultural elements from their neighbors from the Lake 

Taihu area, the Majiabang, and later the Songze populations. Although the overall scale 

of land modification slightly increased compared to early Hemudu, it was still much 

lower than that of the Majiabang (Fig. 1X). By 5,000 BP, the Ningshao Plain became 

incorporated within the territory of the Liangzhu Culture that originated from the Lake 

Taihu area. However, scales of land modification and social complexity on the Ningshao 

Plain never achieved the same level as in the Lake Taihu area (see below). 
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A brief comparison with the Lake Taihu area 

The Lake Taihu Basin is centered on the southern Yangzi Delta Plain on the eastern 

coast of China, north of Hangzhou Bay. The area is flat, with an elevation of only 3-5 

meters above present sea level. To the west of this area, highlands achieving altitudes up 

to 600 meters a.s.l. were homes to many Paleolithic/Mesolithic populations (Chang 

1986). Unlike the current Ningshao Plain which was inundated during this period, the 

Lake Taihu area was partially exposed during 10,000-7,000 BP (W. Shi et al. 2011). 

However, very few humans occupied this area during this period because the 

hydrological system in the current Taihu Lake area was dominated by salt water even 

when sea level was relatively low (W. Shi et al. 2011). As fresh water gradually replaced 

brackish water, humans occupied locations with immediate access to fresh water around 

7,000 BP. Around 7,000-4,000 BP, a series of chenier ridges of up to 80 kilometers long, 

4-8 kilometers wide, and one meter higher than the adjacent coastal area formed east of 

Lake Taihu (Chen et al. 2005), resulting in a semi-closed environment, primarily 

represented by continuously deposited lagoon and freshwater marsh sediments (Fig. 2.14; 

Chen et al. 2005, 2008; Stanley and Chen 1996). As fresh water became commonly 

accessible, the Lake Taihu area witnessed the cultural flourishing of Majiabang (7,000-

5,800 BP), Songze (5,800-5,300 BP), and Liangzhu (5,300-4,200 BP) cultures between 

ca. 7,000 to 4,000 BP. Sheltered by the chenier ridges, a large number of settlements 

established on the lowlands between the chenier ridges and Lake Taihu, even when rising 

sea level inundated other areas of similar elevation and forced the local populations to 

relocate on higher elevations (Chen et al. 2008). After 4,000 BP, a large part of this 

sheltered area was inundated, as evidenced by the presence of extensive peat layers 



 

75 

 

superposing many sites dating to before 4,000 BP, and the populations moved onto the 

chenier ridges (Chen et al. 2008: 312). 

 

 

Figure 2.14: Environmental settings of the Lake Taihu area, 7,000-4,000 BP (after Chen et 
al. 2005: Fig. 1). 

 

Majiabang Culture (7,000-5,800 BP) 

The Majiabang culture appeared in the Lake Taihu area (Fig. 15) about the same 

time that the Hemudu culture appeared in the Yaojiang Basin. The Majiabang culture 

sites were mostly located at the current elevation of 2-5 meters and were sparsely spread 

across the southern Lake Taihu area, west of the chenier ridge (Chen et al. 2008: 309). 
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Similar to the Hemudu culture, the habitations of the Majiabang culture tended to 

be in ecotonal settings with enhanced fresh water accessibility (Pan 2011:152); however, 

instead of building pile-dwelling houses on the wetlands, the earliest Majiabang 

population established settlements on the Xiashu Loess and built ground-level and semi-

subterranean houses (e.g., LAT 1981; SMIA 2011:15-17; Zhao 2012). The earliest 

settlement at Luojiajiao was built on the Xiashu Loess, surface of a current elevation of 

1.65 meters a.s.l. (LAT 1981), with an area estimated at 12,000 m² (LAT 1981). Within 

the 1,338 m² excavated area, fifty-three pits with ambiguous functions (some of which 

might have been storage pits as they were filled with fish bones) were found associated 

with ground-level plank constructions (LAT 1981). At Chuodun, the land uses were more 

diverse, including burials, artificial rice field systems, pits, and houses. Within 528 m² 

excavated area, three houses (two ground-level and one semi-subterranean) were found. 

At some Majiabang sites, the indoor floor is dedicatedly hardened with a mixture of 

gravels, sand, shells and clay, sometimes showing evidence of heat treatment. 

As will be discussed in a subsequent chapter, the initial choice of habitation place 

(on Xiashu Loess) encouraged the Majiabang populations to abandon scapular 

implements and invent/adopt alternative technologies (see below), which in turn greatly 

enhanced their ability to claim lands and intensify rice cultivation, forming the basis on 

which the subsequent Liangzhu culture developed. 
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Figure 2.15: Distribution of Majiabang Culture sites in modern provinces (redrawn from 
JMCB 2004:14). 

Sites indicated by black dots, water bodies shown in blue. 

 

The Majiabang population used Kuahuqiao-style scapular implements, but in small 

numbers. Only four pieces have been found at Luojiajia (LAT 1981) and one at 

Caoxieshan (Ding 2011:168, Fig. 10). Antler picks were more commonly employed; for 

example, 21 antler picks were found at Luojiajiao (LAT 1981) and many (the exact 

number is not reported) were found at Caoxieshan (Zou et al. 2000). Perforated stone 

“axes” or yue, the stone tool candidate that may have been used for earth-working, are 
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frequently found all over the Lake Taihu area (Zhong 2008). They are usually of two 

morphological types: rectangular or tongue-shaped (Fig. 2.16). 

 

 

Figure 2.16: Majiabang perforated stone axes (after Wu 1978: Fig.17). 
1. Rectangular shape, 13.5 cm long, 5 cm wide; 2. Tongue shape, 19.5 cm long, 12.5 cm wide; 3. Tongue 

shape, 12.4 cm long, 9.2 cm wide. 

 

The habitation areas of the Majiabang cultural sites are estimated to range from 10,000 to 

100,000 m2. Cemeteries are separated from the habitation zones, although they are usually 

found closely adjacent to the latter.  

The Majiabang communities consumed a broad diet, including a variety of animals 

from swampy plain areas and diverse plants (Zhang 1981). Rice fields, which appeared 

by 6,000 BP at Caoxieshan and slighter later at Chuodun, were small, agglomerative field 

units. Initially they were situated in independent, naturally formed shallow depressions 

on the Xiashu Loess (Caoxieshan rice field Stage I; see Zou et al. 2000:107). Later (in 

Caoxieshan rice field Stages II and III and at the Chuodun site; see Zou et al. 2000:107; 

SMIA 2011), they took the form of smaller, artificial units with connected canals and 

reservoirs dug into the naturally sterile soil (SMIA 2011; Yang et al. 2007; Zou et al. 

2000) (Fig. 2.17); this sterile soil is the Xiashu Loess (Yang et al. 2007). For cultivation 
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the Majiabang may have used mud displaced from the bottoms of channels and ponds 

(Cao 2011:272). Rice cultivation developed rapidly after the appearance of these artificial 

rice fields, and by around 6,000 BP, subsistence strategies had become agriculture-

dominated (Fuller et al. 2007; Fuller and Qin 2009, 2010).  

 

 

Figure 2.17: Majiabang cultural rice fields at Chuodun. 
1&2. East and north views of the excavated area, respectively (after SMIA 2011: Plate 19); 3. Partial layout 

of the rice fields (after Cao et al. 2006: Fig. 1). 
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Overall, the Majiabang populations appear to colonize much larger areas in diverse 

geographic settings. They modified the landscape in more diverse and intensifying ways 

than the Hemudu (Pan 2011). 

Songze Culture (5,800 – 5,300 BP) 

 The Songze Culture shared similar land-use patterns with Majiabang. So far, about 

80 Songze sites have been found, most of which extended to tens of thousands square 

meters (Zheng 2008). Houses were ground-level or subterranean wattle-and-daub 

constructions. The communities tended to have large public cemeteries, with hundreds, or 

even up to a thousand burials within a single cemetery (Qin 2013). Overall, the excavated 

sites display more intensive use of land and larger-scale landscape modifications, 

including pits, houses, wells, ditches (to enclose villages), and paddy rice fields. 

Groundstone yues of various morphology were commonly used in the Songze 

communities. Both Majiabang rectangular and tongue-shaped yues continued to be 

produced and used in Songze communities, although the tongue-shape was rare (Zhong 

2008). Feng ( )-shaped yues appeared in late Songze communities and soon dominated 

the yue assemblage (Zhong 2008) (Fig. 2.18). Most yues were crafted from hornfels and 

tuff (Zhao 2007). Groundstone yues began to be used as grave objects, but only in the 

highest-ranked Songze graves (Fig. 2.19). 

Stone plow-tips appeared in the late Songze period, and became common in the 

subsequent Liangzhu culture. These stone plow-tips were mostly crafted from hornfels 

and slate (Nakamura 2006; Qin 2013; Zhao 2007:176). 
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Figure 2.18: Groundstone yues from Songze Culture sites (after Zhong 2008: Fig. 31).  

1. Feng-shaped yue from Shimadou ; 2. Tongue-shape yue from Shimadou ; 3. Rectangular 

yue from Songze . 

 

The Songze societies display apparent inequality; whether this represents 

differences based merely on wealth or also on social status is unclear. For example, at the 

Dongshancun cemetery (NM et al. 2010), some of the Songze graves are large, with 

plentiful grave objects including jade. Exceptionally large houses also appeared at 

Dongshancun. 

 

 

Figure 2.19: Stone yue found as a grave object, placed next to the skull in Grave #90 (M90) at 
Dongshancun (after NM et al. 2010: Fig. 12). 

M90 is the largest grave belonging to the Songze Culture that has yet been found. Along with five large 
stone yues like this, 62 additional grave objects, including jade and pottery, have been uncovered in M90. 
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Based on the social and economic foundations of the Songze and Majiabang 

cultures, the Lake Taihu area had witnessed the appearance of a chiefdom-level society–

the Liangzhu Culture—by 5,000 BP. 

Liangzhu Culture (5,300-4,200 BP) 

The Liangzhu Culture was characterized by large-scale landscape modifications, 

evident in large numbers of sites, large artificial rice fields, many massive earthen 

platforms, and a walled town. Four hundred Liangzhu Culture sites have been found 

around Lake Taihu (Qin 2013). Most are located in elevated spots consisting of 

artificially graded ground on top of natural hills (Qin 2013). Over 20 massive earthen 

platforms (IACASS 2010), called “earthen pyramids” by (Su 1996), have been 

discovered. These platforms were built for elite cemeteries and/or ritual activities. Many 

were built with tens of thousands cubic meters of soil (e.g., the Mojiaoshan, 

Huiguanshan, Fanshan, Yaoshan, and Shaolingshan "Hills;" see Zhao 2001; ZPICHA 

2003b, 2005; ZPICHA and YMACR 1997). Results from coring, excavation, and AMS 

radiocarbon dating indicate that a large town with walls enclosing a rectangular area of 

about 290 hectares was built in the late Liangzhu period (4,600-4,200 BP), with north-to-

south walls running 1,800-1,900 m in length and east-to-west walls running 1,500-1,700 

m in length (Liu 2009; ZPICHA 2008). The walls, 40-60 m wide and still today up to 

four meters high, were built with pure yellowish clay on a layer of rock blocks quarried 

from outcrops (Liu 2009; ZPICHA 2008). The construction of these walls required 

approximately 1,380,000 m3 of soil. Liangzhu society was a full-scale agricultural society 

with extensive paddy rice fields (e.g., Maoshan; see Ding et al. 2010, 2011). Not 

coincidentally, large numbers of groundstone yue and plow-like implements, mainly 
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crafted from hornfels and tuff, were employed by the Liangzhu Culture (Qin 2013; Zhao 

2007:176). Two other stone tools, knives with tilted handles ( ) and shouldered 

implements or -shaped knives ( ), which are commonly 

considered by archaeologists to have been earth-working implements (e.g., Fowler 1974; 

Zhao 2007:179) are also commonly found in the late Neolithic sties in the Liangzhu 

culture (Chapter 3). 

Social hierarchies are remarkably evident in the Lake Taihu area, indicated by 1) 

clear differences in wealth and locations among cemeteries as well as among individuals 

within particular cemeteries and 2) the control of resources, production, and distribution 

of elite objects, especially jade artifacts (Qin 2013). Although the Ningshao Plain may 

also have been included in the Liangzhu territory, material remains in this area appear to 

include only those from the non-elite ranks of the society (Ding 1999a). 

The recently excavated site of Maoshan provides a snapshot of a Liangzhu village. 

Occupied throughout the periods of the Majiabang, Songze, Liangzhu, and Guangfulin 

cultures, from 6,800 to about 4,000 years ago (Ding et al. 2010, 2011; Zhao 2012), the 

burial and habitation zones at Maoshan were situated on the southern foothills of 

Maoshan Mountain. Beginning in the Liangzhu cultural period, rice fields were 

constructed in the lowlands, with a drainage ditch dug between the hillsides and the 

lowerlands, artificially separating rice fields from burial and habitation zones. Rice fields 

were also subdivided by ditches in a chess-board pattern (Fig. 2.20; Zhao 2012). 
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Figure 2.20: Layout of the Maoshan archaeological site during the Liangzhu period (after 
Fang 2013: Fig.12). 

 

The area of the Maoshan archaeological site is estimated at 100,000 m2, including 

approximately 55,000 m2 of rice fields belonging to the Liangzhu and subsequent 

Guangfulin cultures. Within the excavated area of roughly 20,000 m2, including 

habitation and burial zones and rice fields, 213 burials, 293 pits (of undetermined uses), 

12 wells, 12 walkways (some of which are among the rice fields), and 12 trenches 

(including irrigation ditches) were uncovered; however, only eight house structures were 

discovered (Zhao 2012). It is possible that these sites were used mainly for non-habtation 

purposes, with small residential facilities associated with subsistence and burial activities. 

Although not many earth-working implements have been recovered at Maoshan to date, 
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those that have been found are all made of stone, including fragmentary plow tip-like 

implements dating to the Liangzhu period. 

Soil properties and scales of landscape modification and land use 

Soil properties 

In the lower Yangzi region, the uppermost layer of the continental shelf of the east 

China sea is comprised of the Xiashu Loess, which formed in the late Pleistocene and the 

early Holocene (Zheng et al. 2002). Many late Pleistocene to middle Holocene open-air 

hillside sites, including Shangshan, Kuahuqiao, Tashan, and Maoshan, were built on this 

Xiashu Loess. However, in the lowlands of the Yaojiang Basin, the initial Xiashu Loess 

surface was covered by paleo-coastal sediments by the time the early Hemudu 

populations colonized the wetlands, so that the initial surfaces of the early Hemudu 

cultural sites in the Yaojiang Basin consisted of coastal sediments. 

The geological nature of rice fields in the Lower Yangzi region includes both 

Xiashu Loess and wetland types. For example, Hemudu rice fields were concentrated on 

natural wetlands, while Majiabang rice fields were artificially created in Xiashu Loess 

(e.g., Caoxieshan and Chuodun; see Ding 2011; SMIA 2011; Zou et al. 2000).  

It is sensible to suppose that the geological substrate was a significant factor in 

selecting earth-working implements, because the implements were used to interact 

directly with soil and their effectiveness and use lives must have been considerably 

affected by soil properties, especially texture and penetration resistance (PR hereafter), 

the force needed to penetrate earth (Chapter 5). Therefore, I examined soil texture and PR 

in different cultural and depositional contexts at the archaeological sites. Measurement 
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approaches to these soil properties are described in Chapter 5. Results of soil texture and 

PR values are summarized in related sections in Chapters 3 and 5. 

Soil texture 

In an effort to test the range of soil textures worked by early-middle Holocene 

groups I collected and analyzed soil samples of the Xiashu Loess, coastal sediments, and 

lacustrine sediments, as well anthropogenic sediments at Kuahuqiao (KHQ), Tianluoshan 

(TLS) and Maoshan (MS). The results of soil textures in these contexts are summarized 

in triangular diagrams (Fig. 2.21). To test and quantify the functionality and performance 

characteristics of bone and stone spades in these soils, I also conducted digging 

experiments at TLS and MS (Chapters 3 and 5).  

Although the Maoshan site is situated in the Lake Taihu area, the microgeological-

settings of the habitation zones at this locality are representative of the earlier habitation 

sites situated on the hillsides across the Lower Yangzi region, such as the sites of 

Shangshan and Kuahuqiao. Because the habitations of Shangshan, Kuahuqiao, and 

Maoshan are all at relatively high paleoelevations, in non-wetland environments, and 

built on the Xiashu Loess, the challenges these sites' occupants faced when breaking 

ground should have been broadly similar. The differences among the three may have 

been primarily an issue of scales of intended landscape modification (see below). 

Whether or not differences of scales of landscape modification necessarily led to 

distinctive preferences of earth-working implements is an issue I explore further in 

Chapters 5 and 6.  
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Figure 2.21: Textures of soils from the main study cultural and geological contexts in the 
Lower Yangzi Basin. 

The codes in the diagrams indicate the soils in which I conducted digging experiments (Chapters 3 and 5). I: 
Tianluoshan habitation area; II: Tianluoshan rice fields; III: Initial ground on the Ningshao Plain; IV: 

Kuahuqiao habitation area; V: Maoshan Habitation area; VI: Maoshan rice fields. 
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The Xiashu Loess was the initial habitation surface of the Shangshan sites and the 

main habitation surfaces of Kuahuqiao and Late Hemudu cultural sites, although with 

local variations. It probably also comprised the initial residential surfaces of most, if not 

all, Majiabang culture sites. As shown in Diagram I, the Xiashu Loess collected from MS 

comprises varying fractions of sand (represented by Soils #3, 4, and 46); however, overall 

it is coarser than coastal and lacustrine sediments (represented by Soils #6, 33, 56, and 

64). 

Samples of coastal sediments were collected by the author from Tianluoshan (#6) 

and Maoshan (#56 and 64). Soil #33 represents the sediments deposited by the marine 

transgression dated to around 7,000 BP, which caused the abandonment of Kuahuqiao 

cultural sites, forming the base of the wetlands on which the earliest Hemudu habitation 

and cultivation took place. Soil #6 represents coastal sediments formed by marine 

transgression around 6,000 BP, which triggered the temporary abandonment of wetlands 

in the Yaojiang Basin and the Hemudu population's relocation to slightly higher hillsides. 

Soil #33 represents coastal sediments formed by marine transgression around 5,500 BP, 

causing the abandonment of Tianluoshan habitations and temporarily halting rice 

production at the site; however, this transgression also deposited soil suitable for rice 

cultivation in the subsequent Liangzhu period on both the Ningshao Plain (as evidenced 

by the presence of Liangzhu rice fields at Tianluoshan) and in the Lake Taihu area 

(suggested by the presence of Liangzhu rice fields at Maoshan). Only one soil sample 

(#64) was collected from lacustrine sediments at Kuahuqiao, where rice cultivation might 

have been practiced at the time.  
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At the Kuahuqiao site, the earth-working tasks associated with residential 

constructions involved the Xiashu Loess, whereas tasks related to cultivation might have 

been on lacustrine sediments. In addition to the samples of Xiashu Loess from Maoshan 

and the lacustrine sediments in situ, Soils #65 and 66, collected from anthropogenic 

deposits superimposed on the Kuahuqiao lacustrine sediments, were also plotted in the 

diagram (Diagram II).  

In Diagrams III through VI, I plot textures of soil samples collected from the initial 

surfaces and subsequent anthropogenic deposits, as well as rice fields at the sites of 

Tianluoshan and Maoshan.  

Soil textures in the habitation area of Tianluoshan vary greatly (Diagram III). In 

general, anthropogenic sediments are coarser than coastal sediments; soils from the 

eastern section of the habitation zone (at higher elevations) are usually coarser than those 

from the lower section that is closer to the fresh water. Most pits were constructed in the 

western section of the site, where soils were finer and softer. Soils from Tianluoshan rice 

fields are all very fine, containing little sand (Diagram IV). In contrast, anthropogenic 

sediments at Maoshan share compositions with the initial surface there, the Xiashu Loess 

(Diagram V). Although the range of sand fractions also varies, they are more consistent 

than those from Tianluoshan. Soils from the Maoshan rice fields (Diagram VI) are 

coarser than those at Tianluoshan, but much finer than those from the habitation zone. 

I conducted digging experiments in all of the above geological and archaeological 

contexts. The soil samples representing different contexts in which my experimental 

fields were conducted (see details in Chapters 3 and 5) are listed in Table 2.2. 
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Table 2.2: Soil samples associated with experimental fields 

Soil # Field# Context Location Date (k.y.a.) 

37 I Rice field Tianluoshan Modern 

5, 23, 70 II Rice field Tianluoshan Modern 

36 III Rice field Tianluoshan 4.2-5.2 

47 IV Rice field Maoshan 4.5 

73, 74, 76 V Habitation area Tianluoshan 6.5 

3, 4, 46, 56 VI Undisturbed soil Maoshan > 6.8 

55 VII Habitation and burial area Maoshan 6 

6, 33 VIII Coastal deposit Tianluoshan 6-6.3 

35 IX Deposit in a trench Maoshan > 5.3 

7 X Habitation area Maoshan 4.2-5.2 

1, 2 XI Burial area Maoshan 4.2-5.2 

 

Soil penetration resistance (PR) 

Soil penetration resistance (PR), is quantified by how much force is needed to 

penetrate through a unit area of soil, i.e., kilograms per square centimeter (kg/cm²) 

(Chapter 5).  

Measurement of soil PR was conducted at both the Tianluoshan and Maoshan sites, 

including pre-occupation surfaces and all ancient anthropogenic deposits in the habitation 

zones of both sites. Limited by accessibility (i.e., fields exposed through archaeological 

excavations conducted during my stay), measurements in agricultural fields at the two 

sites were carried out only in the upper layers (at Tianluoshan, only Layers 4-6, dating to 

the Liangzhu period, and Layer 9, dating to the early Hemudu period; at Maoshan, only 

Layers 6-9, dating to the Liangzhu and Guangfulin periods, and Layer 12, the initial 

surface of the Liangzhu rice fields).  

The results indicate that PR of agricultural soils at these two sites is nearly the same 

(Fig. 2.22-1), although the agricultural soils at Tianluoshan are much moister than those 

at Maoshan (Fig. 2.22-1) because the former is at a lower elevation, close to the current 

sea level. The PR of agricultural soils at both these sites ranges from around 2 to 10 
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kg/cm², with medians around 4.7 and means around 5 kg/cm². Presumably this range 

represents the soil PR of ancient rice fields with which the farmers may have contended, 

as extremely wet and soft fields do not need tillage while drier, harder fields may not 

have been suitable for growing rice. Ideally, tillage should have been used when soil PR 

was in the lower part of this range, as soils harder than 4.7 kg/cm² would have required 

much more time and energy to penetrate and worn the earth-working implements down 

much more rapidly than softer soil (Chapter 5). At the sites of Kuahuqiao, Tianluoshan 

and Hemudu, rice was cultivated in low-lying natural wetlands (Pan 2011); presumably, 

the PR range of wetlands varied with water content, and humans may have tilled only 

those fields that needed to be tilled and tillable. Based on my observation of wet-rice 

farming practice in Guangdong province, southern China, and my field observations, 

measurements, and tilling experiments conducted at Maoshan and Tianluoshan, the most 

common PR values for soils tilled with simple implmenets probably ranged from 2-4.5 

kg/cm². 

 

 

Figure 2.22: Penetration resistance (PR) values of agricultural soils at Maoshan (MS) vs. 
Tianluoshan (TLS) (X2 = 8.57, DF = 1, p = .8734, n = 19, 8) and water contents of these soils 

when PR values were measured (X2 = .0254, DF = 1, p = .0034, n = 5, 8). 
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In contrast, soils in the Tianluoshan habitation zone were significantly easier to 

penetrate than those at Maoshan (Fig. 2.23-1). At the site of Maoshan, the habitation zone 

is situated on the hillside on a hillside at higher elevations, all above current sea level; 

therefore, the initial Xiashu Loess surface as well as the anthropogenic layers are all 

relatively dry. When dry, the PR values of the earth exceeded 50 kg/cm²; under such 

circumstances, penetrating the ground is not easy even with modern iron agricultural 

implements (Chapter 5). To soften the ground to a penetrable degree, humidification may 

have been necessary. According to my experiments, keeping rain water on the soil 

surface for a single day effectively softened the Xiashu Loess, decreasing its PR value 

from > 50 kg/cm² to about 22 kg/cm². Alternatively, spraying a great deal of water on the 

soil surface and covering it (e.g., with hay, straw, or other organic materials) to prevent 

evaporation worked equally well. However, because the ancient surfaces in the Maoshan 

habitation zone did not absorb much water (e.g., after rains, water stayed in surface 

depressions in this deposit for days without being absorbed), the extent to which 

humidification could effectively soften soils might have been very limited. The 

measurement of PR value range at Maoshan (9.57-39.98 kg/cm², median = 23.43, mean = 

22.88, SD = 5.18, N = 44) may have captured the penetrable PR range of the ground that 

the ancient populations have engaged. This range of soil PR values may also represent 

the soil PR of the site of Shangshan, the habitation area of Kuahuqiao, and many late 

Hemudu sites, because they were situated on hillsides above the then sea level and built 

on the Xiashu Loess, similar to the situation at Maoshan.  

In the Tianluoshan habitation zone, the soil PR of the deposits increases as the 

elevation above sea level increases. This results in a wider range of PR values (0.93-
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45.59 kg/cm², mean = 9.63, median = 5.15, SD = 10.18, N = 36) when compared to those 

at Maoshan (Fig. 2.23-1). My measurements captured a very wide range of PR in the 

soils in the TLS habitation zone, from saturated to very dry (Fig. 2.23-2). Although the 

PR measured in each layer may not directly reflect the conditions of that layer when it 

was occupied, the overall dataset helps to estimate past situations. TLS Layer 6 and 

below are at or below the current sea level, resulting in high water content and relatively 

low PR (0.93-5.41 kg/cm², median = 3.11, mean = 2.92, SD = 1.37, N = 17). This range 

of compaction may resemble the ground situation during the early Hemudu period at both 

TLS and HMD. At that time, houses were pile-dwellings and acorn storage pits were of 

the wet-type, indicating that the ground was or might have been close to saturation in 

fresh water; therefore, the paleo-PR values of the grounds may have been similar to those 

of Layer 6 and lower strata at Tianluoshan.  

TLS Layer 5 and above are relatively dry, thus more difficult to penetrate; with the 

range of PR measured at 3.02-45.59 kg/cm² (median = 12.12, mean = 16.27, SD = 10.86, 

N = 18), or 5.2-32.36 kg/cm² after the removal of two outliers (median = 12.12, mean = 

15.27; SD = 7.98, N = 16). This range of compaction may resemble what the later 

Hemudu populations at TLS and HMD had had to contend with. As mentioned above, 

houses during this period at TLS and HMD were ground level constructions and a well 

(J1) appeared early in this period, suggesting a relatively dry environment. Dry soil 

probably resulted from both lower groundwater levels and raising of the surface resulting 

from accumulation of anthropogenic deposits from previous occupations. Although the 

ground may have been dry during the late Hemudu period, humidification could have 
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been employed to enhance its penetrability to a degree similar to that of the early 

Hemudu period.  

 

 

Figure 2.23: Penetration resistance (PR) values of habitation soils at MS vs. TLS (X2 = 
33.39, DF = 1, p < .0001, n = 44, 36) and water contents (WC) of these soils when PR values 

were measured (X2 = 32.65, DF = 1, p < .0001, n = 22, 25). 
 

Scales of intentional landscape modification and land use 

Definitions of intentional landscape modification and land use 

People can modify landscapes in many different ways, such as controlled burning 

to maintain habitat mosaics and to increase small-animal density (Bird et al. 2008), 

burning to harden the ground, cutting down trees and removing weeds to clear land, and 

constructing features. Because the focus of this dissertation is on prehistoric earth-

working implements in relation to land use, I have limited the concept of intentional 

landscape modification to only those activities involving the use of earth-working 

implements, particularly those required for ground penetration and soil removal. I 

configured the scales of intentional landscape modification in two ways: by intensity and 

by variety.  
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The Hemudu scale of intentional landscape modification may not have expanded, 

or may even have shrunk, compared to that of previous Neolithic cultures in the lower 

Yangzi region. Compared to neighboring Majiabang communities, the variety of land 

uses was slightly less and the intensity of land use was much less. 

Intensity of landscape modification 

Intensity of landscape modification in the habitations sites is expressed as the 

amount of soil removed per unit area (m3/m2). I calculated the amount of soil removed in 

construction of every reported feature (e.g., storage pits, pole-pits, i.e., pits constructed to 

erect poles, unusually large poles, and ditches), excluding postholes (i.e., holes generated 

by pounding posts, usually small ones, directly into the ground), based on its dimension, 

summed up the total volume of soil removed within the archaeologically excavated area 

of the site, and divided it by the archaeologically excavated area. The resulting estimates 

of scales of landscape modification may capture only the minimum of what people 

actually accomplished, because earth-working activities are not always visible 

archaeologically, e.g., land preparation for feature construction and off-site clay 

procurement for plastering floors, walls and roofs and for ceramic production. Due to 

limitations of data accessibility, only the Shangshan, Xiasun, Hemudu, Tianluoshan, 

Luojiajiao, and Chuodun sites are included in this discussion. The results are listed in 

Table 2.3. 
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Table 2.3: Intensity of landscape modification 

Site Initial surface Excavated 

area (m2) 

Construction Volume 

(m3) 

Intensity    

(m3/m2) 

Cultural period Data sources 

Shangshan Xiashu loess 1800 107 pits, 2 houses 83.35 0.05 Shangshan Unpublished documents L. 

Jiang, the excavator 

Shangshan Xiashu loess 300 11 pits 6.32 0.02 Kuahuqiao Unpublished documents L. 

Jiang, the excavator 

Shangshan Xiashu loess 1800 96 pits, 1 ditch-pit 

composition 

97.94 0.05 Hemudu Unpublished documents L. 

Jiang, the excavator 

Kuqhuqiao Xiashu loess 330 25 pits, 

Construction C, 

G1 

40.19 0.12 Kuahuqiao ZPICHA 1997; ZPICHA and 

XM 2004 

 

Xiasun Xiashu loess 550 64 pits, 6 pole-pits 11.93 0.02 Kuahuqiao ZPICHA and XM 2004: 

Appendix 24 

KHQ+Xiasun Xiashu loess 880 89 pits, 6 polepits, 

G1,  Construction 

C 

52.12 0.06 Kuahuqiao ZPICHA 1997; ZPICHA and 

XM 2004 

Hemudu Coastal 

sediment 

2695 13 burials, 15 pits 7.67 0.003 Early Hemudu ZPICHA 2003a 

Fujiashan Coastal 

sediment 

725 1 pit, 4 pole-pits 1.81 0.002 Early Hemudu NMICRA 2013 

Hemudu Anthropogenic 

deposits 

2695 13 pits, 1 well 28.14 0.01 Late Hemudu ZPICHA 2003a 

Tianluoshan Coastal 

sediment 

    Early Hemudu Unpublished documents G. Sun, 

the excavator 

Tianluoshan Anthropogenic 

deposits 

    Late Hemudu Unpublished documnts G. Sun, 

the excavator 

Luojiajiao Xiashu loess? 1338 53 pits 92.68 0.07 Majiabang 

(Luojiajiao II-IV) 
(LAT 1981: Appendix) 

Chuodun Xiashu loess 528 54 paddy rice units 100.17 0.19 Majiabang (late 

MJB) 

(Ding 2011: Appendix) 
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The results show that the intensity of landscape modification in the habitations on 

the hillsides surrounding the Ningshao Plain remained consistent from the Shangshan to 

Kuahuqiao and Hemudu periods. Although the intensity at Kuahuqiao seemed a bit 

higher than the previous Shangshan and the subsequent Hemudu periods, the relatively 

low intensity at Xiasun, a site that might have been associated with the Kuahuqiao site, 

balanced out the overall intensity in the Kuahuqiao territory. However, the majority of 

Hemudu sites situated on the lowlands show extremely low intensity of land use in the 

residential and burial zones. 

The intensity of landscape modification in the Lake Taihu area, represented by the 

Luojiajiao habitation, was slightly higher than the intensity of previous Shangshan and 

Kuahuqiao cultures, and much higher than the contemporary Hemudu culture sites.  

Both the Hemudu and Majiabang cultures cultivated rice. In addition to the fact that 

the history of using natural wetlands for rice cultivation may be traced no later than the 

Kuahuqiao period, as evidenced by only a certain percentage of rice showing 

domesticated traits (Fuller et al. 2007; Zheng et al. 2004, 2007) and the presence of bone 

spades with use-wear derived from soils of the wetlands (Chapter 3), the scale of rice 

cultivation at this time is also unclear. The area of rice fields dating to the early Hemudu 

period in wetlands at Tianluoshan has been estimated at 6.3 hectares in total (Zheng et al. 

2009, 2012); rice fields appeared centuries earlier in the Hemudu Culture than in the 

Majiabang. Constructed on the Xiashu Loess, the Majiabang artificial rice fields were 

much smaller than the natural wetland rice fields used by the Hemudu people.  
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Variety of land uses 

Form the late Pleistocene to the middle Holocene, the lower Yangzi region 

witnessed many forms of open-land use that involved earth-working implements, 

including the construction of houses, pits for trapping games, storage, burying trash, 

burials, ditches, wells, rice fields, and other purposes. In comparison with the Shangshan 

and Kuahuqiao periods, rice fields were the only new form of land use in the Hemudu 

and Majiabang cultures, or if not new, at least they were used on a much larger scale than 

before. 

According to Pan (2011:147-149, 161, Appendices 2 and 3), the range of open-land 

uses in the Hemudu and Majiabang cultures were similar, except that ditches, which were 

present at some Majiabang sites, were absent from Hemudu culture villages (Fig. 2.24). 

 

 

Figure 2.24: Forms of open-land use by Hemudu and Majiabang populations (redrawn from 
Pan 2011: Figs. 7.27 and 5.31). 

 

From a geological perspective, the habitation decisions of the Majiabang culture 

seem similar to those of the Shangshan and Kuahuqiao cultures, built on the Xiashu 

Loess with immediate access to freshwater bodies, while the early Hemudu populations 
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focused more on wetland habitation. Although landscape modification may have been 

much less challenging for the Hemudu populations because the wet earth was 

significantly easier to penetrate, they did not expand their scale of landscape modification 

(except their use of wetlands for rice cultivation), while Majiabang populations did, even 

though the latter faced much more challenging environmental conditions. In the 

following chapters, I examine archaeological and replicated earth-working implements to 

see how these habitation decisions and rice cultivation strategies may have been related 

to decisions made regarding the nature of earth-working technologies employed at 

particular times in particular places. 
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CHAPTER 3. IDENTIFYING EARTH-WORKING IMPLEMENTS AND THEIR 

WORKING CONTEXTS 

In Chapter 2, I showed that digging sticks and spades of bone, wood, and stone may 

have all been employed as earth-working implements on the Ningshao Plain. Although 

the digging sticks have not been found in the archaeological record in this area earlier 

than the Hemudu period, indirect evidence suggests that digging sticks may have been 

employed in this area as early as, if not earlier than, the Shangshan period. Among the 

wide-bladed earth-working implements, bone spades were most commonly found during 

the early Hemudu period, ca. 7,000-6,000 BP.  

To understand why bone spades were preferred only in this specific time period and 

geographical region, we need to identify the working contexts of the tools (e.g., in 

habitation areas and/or in cultivated fields and the physical properties of the soils in 

which the implments were used), the manufacturing costs of each type of device, and 

how well each functioned under specific circumstances. I explore all these aspects in turn 

in Chapters 3 through 5. 

This chapter focuses on identifying the working contexts of all potential prehistoric 

earth-working implements on the Ningshao Plain, including wooden digging sticks and 

spades of wood, bone, and stone. Because wooden implements from my study area are 

not accessible for detailed scrutiny due to considerations of preservation and 

conservation, and also because wooden implements have less potential than bone and 

stone tools for use-wear analysis, my research on wooden implements relied more on 

literature research and indirect archaeological evidence. However, brief experiments with 
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two replicated wooden spades in three fields provided valuable direct experience to help 

evaluate their functionality. 

My experiments with replicated bone and stone spades informed by ethnographic 

documents are relatively abundant; they focused on bone spades in comparison with their 

stone counterparts. Based on experimental data, I was able to identify the working 

contexts of archaeological bone spades through use-wear analysis.  

Digging sticks and wooden spades as earth-working implements 

General categories and functionality of digging sticks and wooden spades 

Digging sticks were widely used in horticultural contexts before iron implements 

were introduced (Barrau 1958; Broadbent 1975; Forde 1934:432; Nilles 1942/1945). 

They are usually crafted from heavy, hard wood such as ash, manuka, and iron wood 

(Best 1976 [1925]; Campbell 1959:16-17; Nugent 2006:89; Tenraa 1966:187; Wilson 

1921:19) when the wood is green (Campbell 1959:16-17; Hayden 1979:111). A sapling 

or tree would be cut around the base and then pushed over and a second cut made to yield 

the required length (Hayden 1979: 111). The bark was peeled off, knots removed by 

chopping, and, finally, the surface was adzed to smooth it (Hayden 1979: 111). The point 

was roughly shaped (Hayden 1979: 111), then burned and ground to render it hard and 

sharp, sometimes with animal fat added to enhance hardness (e.g., Nugent 2006:89; 

Wilson 1921:19). The cross section of the bilaterally sharpened point needs to be equal to 

the section of a circle, the radii of which are shorter and consequently do not meet in the 

center of the circle, so that the point of the digging stick receives two grooves with sharp 

edges and cuts easily into the ground (Figure 3.1; Nilles 1942/1945:208-209). Some 

digging sticks may be gently curved toward the tip to allow oblique penetration into the 
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ground (Forde 1934:433; Spinden 1908:200). As the stick is being used, its point must be 

frequently resharpened by repeating the burning and grinding processes (Campbell 

1959:16-17; Magan and Nichol 1981; Nilles 1942/1945:208-209). 

 

Figure 3.1: Schematic drawing of a wooden digging stick used by members of the Kuman 
tribe of Eastern Central New Guinea in the mid-20th Century, about 2 m long, with a 

sharpened point (after Nilles 1942/1945: Fig. 1). 

 

The way digging sticks perform is similar to crowbars (Barrau 1958:42). Digging 

sticks are most efficiently used by thrusting them into the ground and then working them 

back and forth in a prying motion (Kirch et al. 2005:245). Ethnographic data suggest that 

the most effective way to use a digging stick is to hold it at an acute angle relative to the 

ground surface (Fig 3.2; Best 1976 [1925]: Fig. 23; Lerche and Steensberg 1973: Figs. 3-

13); experimental results confirm an angle of 25-35° relative to the ground as most 

effective (Magan and Nickol 1981:58). Experimental results also showed that the cutting 

edge of the digging stick must remain vertical, like a plough but unlike a spade (Magan 

and Nickol 1981:58). Special handle designs, such as a crutch, or cross-piece, may be 

attached at a right angle to the upper end of the stick so that the maximum force can be 

exerted along the shaft. Pounding the handle also increases the stick's penetration power 

(Broadbent 1975:89). 
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Figure 3.2: The most effective way to use a digging stick: hold it at an acute angle relative 
to the ground surface and work it back and forth in a prying motion. 

Photos taken in the late 19th and early 20th centuries of Maori people in New Zealand (1&2. after Best 1976 
[1925]: Fig. 23-24; 3&4. DMPG292n from Dumfries Museum & Camera Obscura, Copyright Dumfries & 

Galloway Council). 

 

Configured to the specific tasks to be performed and the type of soil worked, 

digging sticks exhibit made of varying sizes and morphologies (Broadbent 1975:89). 

Large, heavy sticks (e.g., approximately 4 cm in diameter and up to 2 meters in length, 

such as those used by the Kuman people of New Guinea; see Nilles 1942/1945:208-209) 

are for breaking new ground, digging trenches and holes (e.g., earth ovens or postholes), 

or for breaking up compact clods of soil after they are turned over (Nilles 1942/1945:208-

209). These tasks are usually undertaken by men (Best 1976 [1925]; Lerche and 

Steensberg 1973:89; Williams and Calvert 1859:49). In many regions, including Fiji, 

New Zealand, and the Peruvian highlands, men work together to “till” large areas for root 

crop cultivation (Best 1976 [1925]:71; Cook 1920:488; Williams and Calvert 1859:49). 

Each team member drives a digging stick into the ground to define an area of about 2 

feet, or 61cm, in diameter, as in Fiji, and punches or repeatedly strikes the sticks until 

they reach the desired depth (e.g., ca. 18 inches, or 46cm, as in Fiji), and then levers the 

enclosed mass of soil to pry it up for further reduction and pulverization with lighter 

implements (Best 1976 [1925]:71; Cook 1920:488; Williams and Calvert 1859:49). In 

Fiji, soils are quite hard (Best 1976 [1925]:72); the digging stick used for breaking up the 
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ground could be as large as 8 feet (i.e., 244 cm) long, and 18 inches in circumference, or 

15cm in diameter (Williams and Calvert 1859:49), and the operators used both hands to 

operate it (Best 1976 [1925]:72). The digging sticks used by the Maori in New Zealand 

have foot rests fastened a little distance above the point for the convenience of pressing 

the tools down with the foot.  

Smaller sticks (e.g., 2 cm in diameter and up to one meter in length such as those 

used by aboriginal peoples of New Guinea, see Nilles 1942/1945:208-209; Lerche and 

Steensberg 1973:89) are generally used by women for lighter tasks, such as collecting 

roots and tubers (Fig. 3.3; Lerche and Steensberg 1973:89; Steensberg 1976:45-46; 

Wilson 1917). When small sticks are used to break ground, such as the ca. 95 cm long 

Hidatsa Indian digging sticks, they are used only in soft sediments and never in hard, dry 

soil (Wilson 1917:9, 12).  

 

Figure 3.3: Small wooden digging sticks used by women for lighter tasks (after Lerche and 
Steensberg 1973: Figs. 27-29). 

1. A woman carrying her digging stick; 2. Searching for sweet potatoes with a digging stick; 3. Digging 
tubers with a stick and collecting the tubers in a net behind her. 
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Although ring-shaped so-called “donut stones” are often regarded as weights for 

digging sticks, this may not have always been the case. When used for weeding and 

digging deep holes (such as those associated with house construction), digging sticks do 

not need to carry weights to make them heavier, as they are sufficiently large and heavy 

on their own, and the “donut stone” would prevent the sticks from digging deeply enough 

(Tenraa 1966:188). 

Although they are morphologically simple, digging sticks function more effectively 

than wide-bladed earth-working implements under specific circumstances, including but 

not limited to soil that contains embedded masses of roots (Cranstone 1971:135) and soil 

that is relatively compact. This is especially true when compared to wide-bladed 

implements made from bone or wood (Best 1976 [1925]; Wilson 1917). Digging sticks 

are also more effective than their wide-bladed counterparts when little earth needs to be 

taken up (Best 1976 [1925]: 72). Even after the development of the plow, digging sticks 

were often needed to further break the soil for planting in many world regions, such as 

the New World, the Pacific Islands, Oceania, and parts of Asia and Africa (Broadbent 

1975:91); they are especially preferred over plows in South Pacific islands where 

subsistence gardening is undertaken on widely scattered small plots located on hillsides 

(Barrau 1958:42).  

Wooden spades are not as abundantly described and discussed in the ethnographic 

literature as are digging sticks. Applications depend on the wood type, length, diameter, 

and overall morphology (one-piece paddle-like or simply a blade without a shaft) of the 

implement, and the compaction of the ground. In some areas (e.g., by the Maori of New 

Zealand; see Best 1976 [1925]) wooden spades were used as shovels for relocating 
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already loosened soil, but not for breaking up compact ground. In other areas (e.g., in 

New Guinea; see Lerche and Steensberg 1973) wooden spades were also used for 

breaking up and loosening compact ground to create postholes. 

As with digging sticks, only long and heavy wooden paddle-like spades were used 

to penetrate very compact soil through leverage in a crowbar-like manner (Fig. 3.4). 

When not in use, they may have been soaked in water to retain their weight and avoid 

cracking (Steensberg 1976:45-46). Short paddle-spades were used for much lighter tasks, 

e.g., recultivating sweet-potato beds and pulverizing clods by using the edge or the flat 

side of the blade to beat the mound (Lerche and Steensberg 1973). When using large, 

heavy digging sticks or paddle-spades to break up soil, often the loosened earth is 

removed with containers or bare hands (Steensberg 1976). 

 

 

Figure 3.4: An example of use of one-piece, paddle-like, heavy wooden spades (1.4 m long) 
by an elderly Menzim man in New Guinea: to open the grassy ground through leverage in a 

crowbar-like manner (after Lerche and Steensberg 1973: Fig. 5-9). 
 

Efficiency, use-lives and manufacturing costs of wooden digging sticks 

Large, heavy digging sticks are relatively efficient and have long use-lives when 

used to penetrate relatively soft ground. In light and sandy soils with little resistance (e.g., 
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as is the case in New Zealand), a digging stick of 3 inches (i.e., 7.6 cm) in diameter can 

cultivate 6-7 acres (i.e., 2.4-2.8 hectares) of horticultural land before it must be replaced 

(Best 1976 [1925]:73). With a replicated Maori digging stick crafted from pine, 191 cm 

long and <10 cm wide, an operator unfamiliar with this tool can dig up 0.65 m³ of soil 

with a penetration resistance value of 1.5 kg/cm2 one hour; it may take approximately 22 

hours to construct a 14 m3 storage pit (Magan and Nickol 1981).  

Ethnographic investigations of Australian Aborigines and the !Kung Bushmen 

show that a small digging stick used in subsistence-related activities by an economically 

active nuclear family would require constant maintenance and yet still need to be 

replaced two to six times annually (Hayden 1977: Table 1, 1979:110; Lee 1979: Table 

9.10). The manufacture of each digging stick would consume several stone tools, 

including chopping implements and adzes (Hayden 1979:111-112), and take last 1-1.5 

hours, excluding time for raw material procurement and stone tool production and 

resharpening (Hayden 1979:111-112; Lee 1979: Table 9.10). Certainly the consumption 

of tools and time to manufacture digging sticks could vary greatly depending on the wood 

types, the forms and dimensions of the digging sticks, and the skill levels of the 

craftspeople. Systematic replicative experiments and additional ethnographic 

investigations would provide a more reliable estimate of average manufacturing costs of 

digging sticks. 

To sum up, although digging sticks look simple, they may have been costly to make 

and required consistent maintenance and replacement. It is unclear why large digging 

sticks were not manufactured and small digging sticks were not commonly employed in 

the lower Yangzi Basin; however, relatively high manufactur and maintenance costs in 
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relation to relatively short use-lives and functional restrictions could have made them less 

attractive. Nonetheless, archaeological record suggest that techniques similar to large 

digging sticks might have been applied by prehistoric peoples on the Ningshao Plain to 

penetrate hard ground in a one-time use only manner without significant investments in 

manufacture and/or maintenance (see below). 

Experiments with replicated wooden spades 

Wooden spades/scoops recovered from early to mid-Holocene Ningshao Plain 

archaeological sites all resemble the small, light, wooden spades with a separate shaft 

described in the ethnographic documents referred to above.  

With the assistance of a local craftsman using metal tools, the author replicated two 

wooden spades using artifact TLST105(7):6 from Tianluoshan as a model. Both were 

crafted from the same wood species, Morus (mulberry), as the archaeological example 

(Suzuki et al. 2011). Because the archaeological specimen looked too fragile for 

penetrating ground, one replicated spade was crafted of similar size but a bit thicker and 

the other one was much shorter than the archaeological specimen (Fig. 2.13 for the 

archaeological specimen and Fig. 3.5 for the experimental specimens). Earth-breaking 

experiments were carried out with these two wooden spades in Fields II, III, and V 

(detailed information concerning these fields may be found below in the section “bone 

spades”). The results show that although wooden spades penetrated the soils in the 

habitation area (Field V) and rice fields at Tianluoshan effectively, their edges became 

frayed quickly (compare Fig. 3.5 with Fig. 3.6). 
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Figure 3.5: Experimental wooden spades. 

1&2. #8002, 40.7 cm total long, with a 31.5 cm long blade and a 9.2 cm long handle, 12.7 wide, 1.8 cm thick, 
339.7 g and 922 g weight with or without a wooden shaft, amd 25-33 degree edge angle; 3&4. #8001, 26.5 
cm total long, with a 19.9 cm long blade and a 6.6 cm long handle, 11.7 wide, 1.6 cm thick, 164 g and 790 g 

weight with or without a wooden shaft, and 24-28 degree edge angle. 

 

 

 

Figure 3.6: Experimental wooden spade #8001 before use. 
Comparing this figure with Fig. 3.5-3 and 3.5-4, one can see that the edge was sharp and clear initially but 

became frayed after use. 

 

Previous experiments and ethnographic data also showed that wooden “spades,” 

especially when made from light wood, are better for piling up loose materials (such as 
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agricultural grain and loose soil) or winnowing grain rather than loading sand or breaking 

sod, because of edge disintegration and general ineffectivenss (Steensburg 1973).  

Wooden hoes were used in parts of rural East Africa until the late 1920s. They 

were well adapted for use on the sandy shores of Lake Victoria, though they were useless 

in any heavier soil type (Baker 1936).  

The likelihood of wooden implements having been used for earth-working in the 

Kuahuqiao and Hemudu cultures 

A small number of wooden digging sticks and wooden spades/scoops have been 

recovered from the sites of Kuahuqiao, Hemudu, and Tianluoshan (ZPICHA 1997: Figs. 

14-19, 10; 2003a, 2011; ZPICHA and XM 2004).  

The digging sticks were made from medium hard woods including Sabina  and 

Cudrania  (Suzuki et al. 2011), not the hardest wood locally available. The three 

complete and several fragmentary digging sticks recovered thus far from Neolithic 

Hemudu sites are comparable only to the small digging sticks in the ethnographic 

literature and may have been used in subsistence related activities rather than in the 

construction of architectural features. One such stick found at Tianluoshan is estimated at 

1.07 meters long based on a scaled illustration published by Zheng and associates (Fig. 

2.13-1; Zheng et al. 2009: Fig. 3). Their points were not fire-hardened, and they do not 

have footrests. 

The characteristics of wooden spades found in Hemudu cultural sites also match 

only the small, light wooden spade blades, hafted with a separate shaft, recorded in 

ethnographic literature. Most wooden spades were crafted from Morus (mulberry) 

(Suzuki et al. 2011), a medium hard wood. One-piece, paddle-like, heavy wooden spades 
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used for breaking ground have not been found at Neolithic sites on the Ningshao Plain. It 

is likely that all wooden earth-working implements that have been found in this area are 

associated with light earth-working tasks only, possibly related to subsistence activities, 

foraging, and/or cultivating purposes. 

Chinese mythology also promotes wooden implements as the earliest agricultural 

devices in China. For example, Shen Nong, the so-called Divine Farmer, who reigned 

during the first half of the third millennium BCE, is said to have invented wooden 

agricultural implements like the lei (digging stick) and si (spade) to begin plant 

cultivation (Legge 1879). Although the Zishan site report (ZPICHA and XU 2001) 

mentions that the sizes of gouges observed in pit walls matched the edge widths of 

wooden implements recovered archaeologically, no photographic substantiation was 

presented. Referring to the same gouges, one of the Zishan site's excavators claimed that 

they better match the edge widths of scapular implements (Cai 2006), so there is 

controversy here that only further investigation can resolve.  

Many ethnographic documents in China record that wooden implements were 

commonly used in agricultural contexts (e.g., the Kucong people in Yunnan and the 

Menba people in Tibet; see Hezi 1960; Yin 1996). However, often they were used for 

turning soils over; only those with footrests were used for light ground-breaking tasks 

(Chapter 2). Even now in rural areas of modern China, I frequently see wooden 

agricultural implements being used for relocating loose materials (soil, crop grains, dry 

weeds, etc.) but rarely for ground penetration. 

The likelihood that large, heavy digging sticks or similar techniques were used 

during the early to mid-Holocene for the task of ground-breaking in the Xiashu Loess of 
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the Ningshao Plain and adjacent areas is supported by more reliable although indirect 

evidence. The postholes at Shangshan could only have been made with wooden “digging 

sticks” to penetrate this type of soil. The construction of Feature F4 at Kuahuqiao shows 

direct evidence of pounding pointed wooden poles directly into the Xiashu Loess 

(Chapter 2). Similar ground-penetrating techniques may have been applied with more 

substantial digging sticks to loosen soil, followed by its removal to create pits for a 

variety of purposes. In such cases, “digging sticks” were used on a one-time basis for 

penetrating ground and subsequently served as a component of the construction, with 

significantly limited investments in manufacture and little or no need for maintenance.  

Functional evaluations of spade-like stone implements in the Hemudu and 

associated cultures 

 

Stone implements of diverse morphology have been proposed as earth-working 

implements in the lower Yangzi Basin. In the Lake Taihu area, perforated axes, or yues, 

were likely to have been the best candidates for earth-working tools in the Majiabang and 

Songze cultures. Later, in the late Songze and Liangzhu cultures, the number of yues 

increased significantly (Qin 2013). Meanwhile, new implements appeared and became 

increasingly common, for example, triangular stone implements ( ) that are 

proposed to have been used as plow-tips (Qin 2013; Fang 2013; Mou and Song 1981), 

knives with tilted handles ( ) that are regarded as ground-penetrating 

implements ( ) (Mou and Song 1981), and shouldered implements that may have 

been used as earth-working spades (Nakamura 2006; Zhao 2007:179). 
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Stone yues (Figs. 2.16 and 2.18) are commonly believed to be battle axes that were 

hafted as axes with blades perpendicular to the handles (Fu 1985). Substantially 

influenced by Bronze Age sacrificial axes of similar morphology that were used as 

symbols of power or an expression of high status, Neolithic yues are also assumed to 

have served similar functions (e.g., Fu 1985; Qian 2009); in fact, the name “yue” is 

borrowed from the implements’ bronze counterparts. However, Neolithic yues may not 

have functioned in the same way. The morphologies of Neolithic yues vary greatly (Fu 

1985; Qian 2009), perhaps reflecting a wider variety of functions.  

Use-wear analyses of prehistoric yues from the Shandong province have shown that 

some of the implements may have been used as hoes or shovels (Cunnar 2007:255). 

Similar research has not been applied to stone yues in the Lower Yangzi Basin. However, 

after briefly examining with unaided eyes the yue collections at the Huzhou (

) and Jintan Museums ( ) in the Jiangshu province and the Jiangnan Shuixiang 

Museum ( ) in the Zhejiang province, I suspect that some of the yues 

from the Lower Yangzi Basin may have been used for earth-working. These potential 

earth-working implements display randomly distributed small scars on both sides of the 

edges, sometimes with sheen and striations visible to unaided eyes. The results of my 

digging experiments using replicative groundstone yues (Table 3.1) also show that such 

implements are good for earth-working in a wide range of soils, when hafted as shovels 

(Chapter 5).  
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Table 3.1: Experimental stone yues used as shovels 

Field# ID Net wt. 

(g) 

Hafted 

wt. (g) 

Length 

(cm) 

Width 

(cm) 

Edge 

angle 

Edge morphology 

I 4008 362 1029 11.7 14.9 32-36 convex 

II 4003 572.7 1451.3 13.9 13 30-38 convex 

III 4007 521.8 1384 12.8 12.3 39-43 slightly convex 

IV 4002 587.1 1520 16.8 11 28-30 convex 

V 4013 700.3 1539.2 16.65 11.7 26-27 convex 

VI 4002 587.1 1521 16.7 11 28-30 convex 

VII 4011 513.6 1461 16.7 10.9 24-28 convex 

Note: For details of Field information please check Table 2.2. 

 

Triangular stone implements with perforation(s) ( ) have long been 

assumed to have been used as plow-tips (e.g., Fang 2013; Mou and Song 1981; 

Nakamura 2006) (Fig. 3.7). However, mechanical analysis showed that most of these 

implements would have been too fragile to plow ancient agricultural fields in the lower 

Yangzi Basin (Ji 1987, 1993). The results of use-wear analysis on a small number of 

samples also suggest that they might not have been used as plow-tips, but more likely as 

shovels (Liu et al. 2013). Although disagreeing on the specific uses of the implements, 

researchers seem to agree that these implements were used for earth-working (Ji 1987, 

1993; Liu et al. 2013; Yang 1999). 

Stone knives with tilted handles ( ) have also been suggested as earth-

working implements for agricultural purposes because of their morphological similarities 

to iron dragging knives that were used in Zhejiang province to penetrate the ground of 

rice fields and to construct canals into the twentieth century (Mou and Song 1981) (Fig. 

3.8). Therefore, these stone implements are also labeled in China as “ground-penetrating 

implements” ( ). However, the results of use-wear analysis suggest that the stone 
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implements may have been used for plant fiber-related activities rather than earth-

working (Nakamura 2006). 

 

 

Figure 3.7: Triangular stone implements with perforation(s) ( ) and possible 

hafting styles for use as plows (after Mou and Song 1981: Fig.3), and an archaeological 
specimen found attached to a wooden base (ZPICHA and PH 2005: Plate 4). 

 

 

Figure 3.8: Archaeological examples of stone knives with tilted handles ( ) that 

may have been used to penetrate ground in agricultural fields, with drawings showing 
possible hafting techniques (after Mou and Song 1981: Figs. 7 and 8). 
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Shouldered implements, including the “ -shaped knives ” and stone si

, are commonly found in the Liangzhu cultural sites (Nakamura 2006) (Fig. 3.9). 

They are mostly crafted from hornfels, with light flaking of the lateral sections in the 

vicinity of the proximal region to facilitate hafting. My experiments showed that this 

form of hafting design required less manufacturing time than did perforation (Chapter 4). 

Use-wear analysis suggests that the former were used for cutting unidentified materials; 

the latter might have been used as earth-working implements (Nakamura 2006). Results 

from my experiments (with stone implements #4008 and #4009) show that these 

implements could penetrate the Xiashu Loess ground much more efficiently than 

alternative tools available in the Neolithic period, hafted as either hoes (#4009) or shovels 

(#4008). When hafted as hoes, stone si achieved the best impact and penetrated the 

ground most efficiently (Chapter 5). 

My functional experiments show that even brief use of stone shovels/hoes could 

create significant polish/sheen visible to unaided eyes (Fig. 3.10), similar to the 

archaeological assemblages.  

Overall, both use-wear analysis and experimental tests in functionality suggest that 

yues and shouldered implements are the best candidates for stone earth-working 

implements in the Lower Yangzi basin. Other implements are less likely or at least may 

have been less efficient and convenient to use for residential construction and agricultural 

field preparation. Because of limitations of time and equipment availability in the 

museums where the stone implements are stored, I was unable to conduct use-wear 

analyses to identify stone earth-working implements and their use contexts in the studied 

area. However, it seems reasonable to use yues and shouldered implements as examples 



 

117 

 

of stone earth-working implements to create models for comparison with their bone 

variants (Chapters 4 and 5).  

 

 

Figure 3.9: Archaeological and experimental examples of shouldered implements. 

1&2. “ -shaped knives ” and Stone si  (after Nakamura 2006: Figs. 1 and 2); 3&5. 

Experimental Implement #4008 hafted as a shovel to till modern rice field in experimental Field I; 4&6. 
Experimental implement #4009 hafted as a hoe to penetrate Xiashu Loess in experimental Field VI. 
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Figure 3.10: Polish along the edge of experimental implement #4009 resulting from digging 

experiments and visible to unaided eyes. 

 

In the lower Yangzi basin, all stone implements mentioned above are found in the 

Lake Taihu area. On the Ningshao Plain, some of these implements began to appear in 

the last stage of the Early Hemudu period, probably a result from Majiabang-Songze 

influence, but the number of stone “earth-working” implements increased over time.  

A small number of spade-like stone tools appeared in the early Hemudu culture 

(e.g., the thin perforated axes crafted from bedded tuff, or axe Style E, as categorized by 

ZPICHA 2003a: 73-74. In archaeological sites dating to the Late Hemudu culture, five 

spade-like stone tools were discovered in Tianluoshan (Layers 3 and 4) and one in 

Tashan; most of these are fragmentary. The number of wooden and bone spades declines 

dramatically in the archaeological records, beginning in the early Late Hemudu cultural 

period; in contrast, at the same time the number of perforated stone “axes” (yues) and the 
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use of sedimentary stone as raw material for stone tools consistently increases (HPC 

1999:5). The earliest perforated “axes” or yues on the Ningshao Plain were found at 

Tashan, a site that may have been colonized by the Majiabang population (Chapter 2). 

Such perforated “axes” increased significantly in the last stage of late Hemudu culture 

(Hemudu culture Stage IV) (Zhong 2008). 

Functional analyses of bone spades 

Bone spades were less widely used than wooden digging sticks and stone spades in 

pre-industrial societies and they have garnered less attention among archaeologists. 

However, the pre-industrial use of bone spades is a global phenomenon worthy of study 

and interpretation. Skeletal elements with suitable morphologies, such as horn cores, ilia, 

and scapulae, were used in many early societies for crafting blades; among these scapulae 

were most widely employed. On the prehistoric Ningshao Plain, most bone spades were 

crafted from scapulae, with a few exceptions fashioned from large mammal ilia and 

other, undetermined osseous elements. 

Previous research has suggested diverse but uncertain functions for bone spades, 

especially scapular implements (Griffitts 2006). My research focused on identifying 

implements that were purposefully designed and used for earth-working and 

understanding the use contexts of these tools.  

Identifying scapular earth-working implements 

Besides sites on the Ningshao Plain and in the Middle Yellow River Valley in 

China (e.g., Kuahuqiao and Hemudu on the Ningshao Plain and the Guantaoyuan site in 

Shaanxi, see SPIA and BMAT 2006; ZPICHA 2003a; ZPICHA and XM 2004), scapular 
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implements have been found in Neolithic and early Iron Age contexts in southern 

England, southern Germany, Swiss lake-dwellings (Curwen 1926; Steppan 2001), and on 

the Northern Plains of the United States (Griffitts 2006). Scapular implements were used 

until the early twentieth century by societies including various Native American groups 

(Bradbury and Bywater 1817:175; Catlin 1844; Forde 1934; Wilson 1921), the aboriginal 

inhabitants of Sakhalin (Pilsudski and Majewicz 1992), and ethnic minorities in China 

such as the Jingpo (Kachin) of Yunnan (Wang 1991; Yin 1996). 

Scapular implements recovered from archaeological contexts have generally been 

assumed to be earth-working implements, based on analogies with ethnographic artifacts. 

In China and North America, they are usually classified as agricultural tools, either as 

“shovels” or “hoes” (Ahler and Falk 2003; Griffitts 2006; You 1976). In Europe, their 

functions have been interpreted as more for construction than in subsistence contexts; 

they have been identified as typical Neolithic tools for digging ditches and pits (Curwen 

1937). Results from one linguistic study in Europe suggest an overlapping terms between 

“shovel” and/or “dig” with “scapulae,” indicating that scapulae might have been 

commonly used as shovels at some period (Curwen 1926). The results of experiments and 

use-wear analyses conducted by Griffitts (2006:208-285) confirmed that scapular “hoes” 

were primarily used for earth-working on the Northern Plains of the United States and 

that they were used even after metal implements were introduced. Griffitts' research also 

shows that a small percentage of the scapular “hoes” and fragments might have been 

recycled and used for other purposes (Griffitts 2006:278). 

Other functions have also been suggested for scapular tools, although these claims 

are as yet less well supported; examples include (1) bark-processing, based on 
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ethnographic accounts of American Indians (e.g., the Menominee and the Mississippian 

Aztalan; see Barrett 1933; Hoffman 1896:260-267; Skinner 1921); (2) hide softening and 

dressing, both based on ethnographic documents (e.g., the Cheyenne; see Grinnell 

1962:216) and/or archaeological observation of wear without corollary experimental 

replication (e.g., Bell 1971; Hofman 1980); and (3) use as thong stretchers or shaft 

wrenches, straighteners or polishers, based on use-wear comparison of archaeological 

samples with one experimental sample (Campana 1989:108). Unlike those identified as 

hoes or shovels, which have relatively straight, sharp cutting edges at the bone's proximal 

ends, one morphological characteristic common to all scapular tools regarded as bark- 

and/or hide- processors is that the inner parts of the blades are either perforated or cut 

away (thereby forming a two-pronged edge; e.g., Fig. 3.11-3, 4, 5) to allow the bark or 

hide/skin to be pulled back and forth through the hole or the notch at the proximal end of 

the bone; the majority of these hide-working tools are made from elk (Cervus elaphus) or 

other large cervid scapulae (Fig. 3.11).  

 

 

Figure 3.11: Archaeological examples of scapular tools from the Great Plains of the U.S. 
believed to have been used as bark- and/or hide-processors (after Hofman 1980: Fig. 1). 
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The two edge morphologies both exist in the scapular tool collections from my 

study sites (Fig. 3.12). These different morphologies have been regarded as the same 

edges abandoned in different stages of wear. The “straight” edges are assumed to have 

been remodified from the two-pronged edges after one or two of the projecting portions 

of the edge were broken as a result of penetrating earth (e.g., Huang 1996). The 

confidence of Chinese archaeologists who assumed the two-pronged scapular tools were 

used as earth-working implements came from morphologically similar implements found 

in mural paintings from the Han Dynasties (206 BCE to 220 CE). For example, one 

mural painting depicts the Divine Farmer (Shen Nong) with a two-pronged implement 

and the following inscription: "The Farmer God taught agriculture based on land use; he 

opened up the land and planted millet to encourage the myriad people” (

) (Fig. 3.13). Wooden implements of similar morphology, 

sometimes with metal “teeth” are also frequently found in Chinese Iron Age tombs, 

mines, and pits, implying that such tools were employed in the processes of construction 

(Chen 1980; Li 1987; Wang 1995). However, in an agricultural or construction context, a 

variety of tools in addition to earth-breaking implements would have been needed to 

fulfill purposes such as seeding and collecting and moving soil/mineral/weeds. Therefore, 

simple association with a behavioral context requiring earth-working is insufficient to 

establish the exact function of the implements. Even if the tools were indeed used for 

ground penetration in the contexts mentioned above, one should be cautious when 

drawing general conclusions concerning the functions of morphologically similar tools 

from other areas. The archaeological clues to two-pronged tools' function(s) come from 

northern or central China while the two-pronged scapular implements come from the 
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Ningshao Plain in eastern China, where soil composition and physical properties are 

different from those of the other areas where scapular implements were used. Tools that 

function well in one area may not do so when the contact substrate changes. In addition, 

the natural morphology of scapulae impose constraints on tool morphology, i.e., the two 

prongs of the edge cannot be completely symmetrical because the scapular proximal end 

is curved and uneven, while wood is free of this problem. Although the two-pronged 

edges of wooden and scapular implements may look similar at first glance, they differ in 

details and this potentially affects their functionalities (see below). 

 

 
Figure 3.12: Two morphologies of scapular implements from the Hemudu culture: straight-

edged (left) and two-pronged (right). 
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Figure 3.13: Mural painting from the Han dynasty depicting the Divine Farmer (Shen Nong) 
with a two-pronged implement. 

The inscription reads: "The Farmer God taught agriculture based on land use; he opened up the land and 
planted millet to encourage the myriad people” (after Birrell 1993:48). 

 

To understand the functions of scapular tools in my study area, I conducted 

experiments and use-wear analyses; my experiments were informed by ethnographic 

accounts from various world regions. Morphological characteristics of scapular tools and 

the relationships between form and function will be discussed after the utilities of the 

implements are described. 

Previous studies of use-wear traces on bone tools 

Archaeologists specializing in use-wear analysis have found tribology a sound 

theoretical basis for understanding how and why wear occurs and for identifying use-

wear patterns on prehistoric tools without exhaustive experiments on all possible 

functions of the tools (e.g., Adams 1988, 1989a, 1989b; LeMoine 1994; Stone 2011; 

Tomenchuk 1985). Focusing on the interaction of surfaces in relative motion, tribology 

has established that friction and tribo-mechanism are the causes of most wear (Czichos 

1978). Abrasive wear, adhesive wear, fatigue wear, and tribo-chemical wear are the four 
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main processes involved in the development of wear (Barwell 1979). More than one of 

these processes may occur at any one time, complicating interpretation (LeMoine 1994). 

Abrasion and polishing are affected by three main factors: relative hardness of the 

materials, surface roughness (including particle size), and load applied (LeMoine 1994). 

The presence of a lubricant, including water, can reduce wear. 

The most common experiments conducted by bone use-wear analysts involve 

processing animal and plant tissues, and use-wear patterns derived from working animal 

and plant fibers have been discussed in great detail. The patterns shown in results from 

experiments conducted by different researchers are relatively consistent (e.g., Griffitts 

2006; Legrand 2008; LeMoine 1997). Table 3.2 summarizes use-wear signatures of plant 

and animal fibers reported in the extant literature. These use-wear patterns were 

replicable and they are supported by comparative observations between experimental and 

ethnographic collections (Stone 2011) as well as fundamental tribological analyses (e.g., 

LeMoine 1994; Stone 2011).  

In contrast, bone wear derived from earth-working has rarely been explored 

experimentally and the results are not comparable across studies (Table 3.3). The only 

wear pattern repeatedly observed by different researchers consisted of striations 

perpendicular to the implement's edge. Although several researchers acknowledge that 

soil conditions, such as composition and moisture content, significantly affect wear 

patterns on bone implements (e.g., Griffitts 1993; Rabett 2005), thus far no systematic 

experiments and use-wear analyses have been conducted in this regard. 
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Table 3.2: Summary of use-wear signatures of plant and animal fibers reported in publications 

Worked 

Material 

Polish Striations Other markers 

Plant Non-invasive; 

planar (especially 

silica-rich plants) 

Shallow; long; fine or variable; 

Parallel or variable; size rarely varies 

Smoothed 

microtography 

Animal Invasive Irregular; rounded shape; smoothed or 

polished base; crossing; short; shallow 

or deep; size may or may not vary 

Pitting; rounded 

microtopography 

General to 

soft materials 

    Rounded volume 

loss 

*Italics indicate disagreement on diagnostic patterns for different kinds of wear. 
Notes: Modified from Stone 2011: Table 7.1, with reference to Buc 2005, 2010a, b; Buc and Loponte 2007; Christidou and Legrand 2005; Griffitts 2006; 
Legrand 2005; 2008; Legrand and Sidera 2007; Lenoine 1997; Maigrot 2000, 2001, 2003; Sidera and Legrand 2006; Stone 2011. 

 

 
Table 3.3: Summary of use-wear derived from soil on bone and antler reported in publications 

Working 

material 

Polish Striations Other markers Used 

time 

Reference Sample 

size 

Hafted 

modes 

Bone  Adjacent to the edge; 

perpendicular or 

diagonal to the edge 

Macroscopically 

visible ripple marks 

Hours Davis 

1965 

2 Hoe and 

shovel 

Bone  Perpendicular to the 

edge 

Rarely produced 

terminal fractures 

 Rabett 

2005 

 Shovel? 

Bone Patched; planar; 

bright as well 

as generic weak 

Deep, uneven, roughly 

parallel, perpendicular 

to the edge 

Pitting; crackings; 

macroscopically 

visible undulating 

and rounded edges 

 Griffitts 

1993, 

2006 

5 Unhafted 

Antler Rough Light, coarse, or 

absent 

  40 

mins 

Lemoine 

1997 

3 Pick 
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My experiments and results 

Experimental designs 

My experiments incorporated the three main materials—soil, hides, and plant 

material—that had been suggested for scapular tools in previous publications. Given that 

soil-derived wear is under-represented in prior research compared to hide- and plant-

derived wear and that the use-wear signatures of soil are far from clear, my experiments 

focused mostly on this task. Attempting to test the feasibility of potential functions 

suggested in ethnographic literature and to distinguish soil-derived wear from non-soil-

derived wear on scapular tools, my experiments included 18 bone tools used as shovels or 

hoes1 in 12 fields at the Tianluoshan (TLS) and Maoshan (MS) archaeological sites in the 

principal study area and Luoyang in the Central Plain of China (Fig. 3.14; Table 3.4), two 

bone tools for hide-processing, and two for bark-processing.  

 

 

Figure 3.14: Soil textures in the experimental fields. 

                                                 
1 I use hoes and shovels to refer to the hafting methods of the tools rather than as a functional definition. A 

hoe is affixed perpendicularly to the handle with its cutting edge being at a right angle to the shaft. A 

shovel is affixed extending off the end of, with its axis in line with the handle. 
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Table 3.4: A list of the experimental fields 

Field# Context Location Date 

(k.y.a.) 

PR1 

(kg/cm²) 

WC 2   

(%) 

Texture Particle Size (%) Exp. Implement # 

GravelA SandB SiltB ClayB   

I Rice field TLS3 Modern 0.8 >714 Silt loam 2.87 10.82 67.1 22.08 6002 

II Rice field TLS Modern 2.3 70.7 Silt loam 0.07 6.69 69.4 23.87 6013, 6002, 6003, 6015 

III Rice field TLS 4.2-5.2 2.85 62.7 Silty clay 

loam 

0 0 72.1 27.9 6011 

IV Rice field MS6 4.5 4.7 33.7 Silty clay 

loam 

0.1 2.6 69.3 28.13 6020 

V Habitation area TLS 6.5 9.8 56.9 Silt loam 0.17 21.26 55.4 23.33 6021 

VI Xiashu Loess MS > 6.8 22.6 22.9 Silty clay 

loam 

0 5.17 61 33.85 6004 

VII Habitation and 

burial area 

MS 6 26.4 21.1 Silt loam 0 17.91 65.4 16.7 6004 

VIII Coastal 

sediment 

TLS 6-6.3   Silty clay 

loam 

0 0.2 64.4 35.4 6012, 6014, 6009 

IX Deposit in a 

trench 

MS > 5.3   Silt loam 0.07 11.98 65.4 22.66 6004, 6005, 6006, 6007, 

6008 

X Habitation area MS 4.2-5.2   Loam 1.21 34.9 44.5 20.6 1005 

XI Burial area MS 4.2-5.2   Loam/clay 

Loam 

4.33 32.7 41.3 26.1 1004 

XII Garden LY7 Modern         11.21     1003 

Notes:  
1. PR is an indicator of soil hardness, quantified by how much force is needed to penetrate through a unit area of soil. See Chapter 8 for details. PR 
values of Fields VIII to XII were not measured due to unawareness of necessarily. 
2. WC is water content, the ratio of the mass of water present in a sample to the mass of the sample after it has been dried to its constant weight. See 
Chapter 8 for details. WC values of Fields VIII to XII were not measured due to unawareness of necessarily. 
3. TLS = the site of Tianluoshan, Ningbo City, Zhejiang, China. 
4. The measured number was 68.1, but the actual WC was much higher because the soil was saturated with water flowing on the surface, and it was 
impossible to wrap the soil well with cling wraps with that much water, so the WC was reduced significantly when the soil sample was collected. 
5. This PR value was originally measured at 1.75/16-4/16 kg/cm² by a pocket penetrometer before a more reliable cone penetrometer arrived; the earlier 
figure was evidently inaccurate. A value of 2.8 was arbitrarily estimated afterwards according to the soil's hardness compared to those in Fields I, II and 
IV, basically by multiplying the original results by 16. 
6. MS = the site of Maoshan, Hangzhou City, Zhejiang, China. 
7. LY = Luoyang City, Henan, China. 
A. Percentage of total soil. B. Percentage of < 2000 μm fraction. 
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To ensure the experiments covered a range of soil types that the users of prehistoric 

scapular tools had to contend with, 11 fields in the study area were chosen for 

experimentation (under the constraint of accessibility), including modern rice fields in the 

village of Tianluoshan (because the soil texture of the modern rice fields at Tianluoshan 

happens to resemble that of the anthropogenic deposits from Kuahuqiao), ancient coastal 

sediments and the Xiashu Loess (representing the initial residential surface), rice fields, 

and anthropogenic deposits in the burial and habitation zones associated with the sites of 

Tianluoshan and Maoshan. An additional field in the Central Plain of China was also 

included in my experiments for comparative purposes. All of the ancient fields (except 

the Xiashu Loess) date to ca. 7,000-4,000 years ago, spanning the periods of scapular tool 

use as well as subsequent periods in the study area (Sun et al. 2013; Zhao 2012; ZPICHA 

et al. 2007). The processed hides came from cattle, and were collected within a few days' 

removal from the animal. Due to budgetary limitations, hide strips rather than large 

pieces were used. The experiments resembled hide-softening processes recorded by 

Hofman (1980). Bark-processing experiments resembled the process of fiber extraction to 

produce twine or cordage (e.g., Barrett 1933; Hoffman 1896:260-267; Skinner 1921). 

Bark was removed from freshly cut paper mulberry (Broussonetia papyrifera) branches 

and soaked in water for two to three days before being processed. Paper mulberry is a 

common tree in the local landscape of the sites, and its fibrous bark has been a significant 

resource for making paper and rope since preindustrial times in central China (personal 

communication, November 18, 2010, Henan province farmers).  

Most of my experimental implements were made from modern cattle scapulae 

collected from an abattoir in the Tianluoshan village and used to replicate full-size 
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scapular tools (e.g., experimental implements with codes in the 6000 series in Table 3.4). 

Mini bone blades (experimental implements with codes in the 1000 series in Table 3.4) 

cut from the proximal ends of cattle scapulae were used in a few cases due to a lack of 

supply of full-size replicated implements; the action performed was similar to that 

performed with a full-sized tool. The full-sized scapular tools included two edge 

morphologies, two-pronged and straight. The edges of mimic implements were all 

straight. Due to constraints imposed by the natural morphology of bovine scapulae, some 

of the straight edges are slightly concave or convex and the edge angles are usually 

uneven, as the edge angles of the bone borders and the spine are often less acute than 

those of the rest of the edges. Replicated scapular tools with two-pronged edges used for 

earth-working had sharp edges along the ends as well as along the inner margins of the 

two prongs, while those used for hide- or bark-processing did not have sharp edges, as 

these are not indicated in accounts of this sort of function. Details of the experimental 

implements are listed in Table 3.5 with examples shown in Fugure 3.15. Presumably the 

wear patterns on the mini blades are similar to what would be seen on a full-size 

implement used under the same circumstances, although minor differences would be 

expected due to the different amounts of force the experimental implements would have 

absorbed during use. 
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Table 3.5: Experimental implements 

Tool 

# 

Worked 

materials 

Edge mophology Raw? Bone 

age1 

(months) 

Weight 

(g) 

Length 

(cm) 

Edge 

length2  

(cm) 

Edge angle3 (°) Field 

# 

Hafted 

mode 

Use time 

(minutes) 

1003 Soil Straight n 2 21 7.45 4.6 29 XII Shovel 60 

1004 Soil Straight, slightly 

convex 

y 3 20.4 7.53 4.29 18-20 XI Shovel 90 

1005 Soil Straight, slightly 

concave 

y 0.5 19.6 7.22 4.93 21-23 X Shovel 90 

6002 Soil, weed Straight, slightly 

concave 

y 11 368 20.8 15.4 30-35, 55 I and 

II 

Shovel 30 

6003 Soil, weed Straight, slightly 

convex 

n 11 417 26.1 19 26-30 II Shovel 7 

6004 Soil Straight, slightly 

concave 

y 3 325 21.2 13.03 30-33, 40 IX Shovel 172 

6004 Soil Straight, slightly 

concave 

y 12 311.5 20.3 13.13 30-35, 40 VI Shovel 50 

6004 Soil Straight, slightly 

concave 

y 12 311.3 20 13.1 25, 40 VII Shovel 36 

6005 Soil Two-pronged n 3 433 29.3 8.5 End edge 25, 32-

35; notch edge 

55 and 45 

IX Shovel 138 

6006 Soil Straight n 3 364 26.5 19.5 33, 40 IX Shovel 85 

6007 Soil Straight n 0 446 27.5 18.5 24-30 IX Hoe 95 

6008 Soil Straight y 0 377 22.5 15.5 26-32 IX Hoe 20 

6009 Soil Straight, slightly 

concave 

n 4 356 20.6 14 32-34 VIII Shovel 83 

6011 Soil Straight, slightly 

concave 

y 8 250 18.6 10.7 25-29 III Shovel 8 

6012 Soil Concave y 0.5 286 19 11.5 20-27 VIII Shovel 102 

6013 Soil Straight, slightly 

concave 

n 2 249 18.7 11.5 22, 30 II Shovel 182 

6014 Soil Straight, slightly 

concave 

y 0.5 398 24.2 15.3 18-23, 30 VIII Shovel 84 

6015 Soil,weed, 

rice stem 

Two-pronged y 0 423.4 25.42 7.4 End edge 25-26, 

notch edge 59 

and 42 

II Shovel n/a 

6020 Soil Straight y 9 417 23 15.5 30-37 IV Shovel 26 
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Tool 

# 

Worked 

materials 

Edge mophology Raw? Bone 

age1 

(months) 

Weight 

(g) 

Length 

(cm) 

Edge 

length2  

(cm) 

Edge angle3 (°) Field 

# 

Hafted 

mode 

Use time 

(minutes) 

6021 Soil Straight, slightly 

concave 

n 13 263 18 13 20-22, 40 V Shovel 20 

6001 Hide Two-pronged y 0 300 16.4 8.7 n/a n/a Attached 

to a tree 

60 

6017 Hide Two-pronged n 1 318 29 11.8 n/a n/a Shovel 

handle 

attached 

to a pole 

26 

6018 Bark Two-pronged y 3 289 28 8.34 n/a n/a Attached 

to a tree 

164 

6019 Bark Two-pronged y 4 151 24 8.3 n/a n/a Attached 

to a tree 

300 

Notes: 

1. Bone age means how long the bone had been extracted from the animal before it was used. 

2. Edge length for the V shape edge is the depth of the notch. 

3. Edge angle is uneven. The numbers listed before a comma are the angles of most of the edge, the ones listed after a comma are the angles on the 

borders or spines.
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Figure 3.15: Examples of experimental specimens. 

 

It required three and a half months of continuous experiments in the field, involving 

33 paid workers (all local farmers or laborers), and four months of lab work to compare 

the use-wear patterns that appeared on my experimental samples with those observed on 

archaeological samples. To distinguish site-specific taphonomic alteration from 

archaeological use-wear traces, I also microscopically scrutinized multiple samples of 

unmodified archaeological bones as well as rejected elements from prehistoric bone tool 

manufacture. 
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Observations of functionality 

Most experimental implements functioned as expected, with the exceptions of 

Implements #6015 and #6005 (Fig. 3.15), suggesting that two-pronged tools may not 

have been designed for earth-working or cutting plant-fibers. Implement #6015 replicates 

a Tianluoshan two-pronged scapular tool and is hafted like a shovel, with sharpened, 

irregular edges along the inner margins of its two prongs as well as at the proximal end 

of the bone. It proven to be very awkward and barely functional for penetrating earth, 

clearing fields (cutting and removing weeds), or harvesting rice from the stems in a 

modern agricultural plot.  

A two-pronged tool with straight inner margins, #6005, was able to penetrate earth 

in a Neolithic trench at Maoshan, but was still awkward in comparison with the straight-

edged implements (#6004 and #6006) that were used in the same field in the same way. 

All five participants who used #6005 complained that it was useful only when tilted 

toward its anterior side. The sides were probably designed to be notched, using only the 

anterior prong to penetrate the earth, because the scapular spine on the posterior prong 

was not thoroughly flattened, preventing it from penetrating the earth. By resting one foot 

on the glenoid cavity of the bone, the participants were able to push the implement harder 

so that the posterior prong of #6005 was able to penetrate the earth. However, when they 

tried to turn the soil over after breaking through it (as they necessarily would in tilling a 

rice field), most of the soil slipped through the space between the two prongs and 

remained unturned. Turning the soil over became impossible when it was extremely 

moist, as water squeezed out when digging implements impacted with and penetrated the 

ground surface.  
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The two-pronged implements (Fig. 3.16) softened hide strips and assisted in the 

extraction of fibers from bark very efficiently. 

  

 

Figure 3.16: Experiments in using two-pronged implements to soften hide strips. 

 

Hafted as shovels, straight-edged scapular implements penetrated soil well, 

especially in very soft substrates (see further discussion in Chapter 5), and turned it over 

effectively. Scapular shovels barely functioned in very compact soils, such as undisturbed 

matrices and habitation and burial zones at Maoshan, penetrating only about 2 cm in 

depth from each stroke, and they wore down quickly. These results are consistent with 

previous earth-working experiments conducted by other researchers (e.g., Ashbee and 

Cornwall 1961; Curwen 1926; Evans and Limbrey 1974). All these experiments lead to 

the conclusion that scapular shovels are functionally efficient only in sandy, light, moist, 

and/or uncemented soils and are inefficient in compact or well-cemented soils. The 

performance characteristics of scapular shovels in relation to the physical properties of 

various soil types are discussed further in Chapter 5.  

To efficiently penetrate even relatively soft soils, the spongy, weak, thick, uneven, 

and curved proximal end of the scapula has to be removed. Previous experiments have 
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shown that hoes and shovels made from full-length bison scapulae were awkward and 

ineffective for digging (Davis 1965). My experiment with #6006 confirmed that a 

significant portion of the proximal end needs to be removed to ensure a relatively straight 

blade for effective earth penetration. Even though the cancellous and thick portion of the 

proximal end was removed, #6006 was still slightly curved toward the edge. The five 

workers complained that, compared to #6004, much more force was needed to break the 

earth in the same field with #6006 (Fig. 3.17). As one of the participants pointed out, if 

the curving portion of 6006, about 3-4 cm in length, was removed, it would have 

functioned as effectively as 6004. 

Measurements of 59 modern cattle scapulae, from animals aged one to over 20 

years, show that with full lengths of 24.5-41.5 cm (with a mean of 34.7 and a median of 

36.2 cm), the maximum useful lengths ranged from 16 to 23 cm (with a mean of 19.8 and 

a median of 19.7 cm) if these scapulae were to be crafted into earth-breaking implements. 

Ethnographic records of the Jingpo (Kachin) people in southwestern China and the 

Hidatsa Indians of North America show that scapular tools were also used to cut weeds 

and dry grass (Wang 1991; Wilson 1934). Brief tests with #6002 and #6003 (Fig. 3.17) in 

Field II showed that these implements were indeed also effective for cutting weeds and 

moving weeds or soils around in the field, as part of field preparation for cultivation. For 

cutting weeds, the shorter, straighter implement (#6002) was more effective, especially 

when the weeds were heavy or thick. For loading and removing loosened soils and/or 

weeds, the longer, more curved implement (#6003) was more efficient. 
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Figure 3.17: Experimental implements #6004, #6006, #6002, #6004, #6007, and #6008. 

 

Two implements, #6007 and #6008, were hafted as hoes (Fig. 3.17). Crafted from a 

pair of scapulae sourced from one animal, #6007 was shorter, using the maximum useful 

length of the bone, while #6008 was longer, retaining several centimeters of a curved 

portion at the proximal end. Both were awkward to dig with and barely broke the earth, 
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even though the soil in Field IX (a rice field-like deposit in a trench dated to 5.3 kya, used 

during the Majiabang and Songze cultural periods at the Maoshan site), where they were 

used, was one of the softest soils in my experiments. This was due to the limited force 

that could be applied with such light-weight implements. However, tests showed that 

both implements were good for loading and moving loose soil. For this task, the slight 

curving of #6008 toward the edge held more soil and worked very well. These 

experimental results are consistent with ethnographic records by Wilson (1917) from 

North America and Wang (1991) from southwestern China; both claim that scapular tools 

are too fragile to penetrate earth, and that they are used only to remove loosened soils 

and/or other loose materials. An additional test conducted with #6002, which was hafted 

as a shovel, confirmed that scapular shovels are effective for moving loosened soil as 

well.  

Because of time limitations, I did not conduct systematic experiments to quantify 

the effectiveness of scapular tools for removing loose materials; however, one may 

speculate that scapular tools with relatively large, curved blades would be efficient for 

loading and moving such loose materials as soil, snow, ashes, wood chips, and animal 

dung, as the ethnographic literature suggests (e.g., Wang 1991; Wilson 1917, 1934, 

1987), whether hafted as a hoe or a shovel. 

Experimental use-wear patterns 

Soil substrate combines a range of materials with different physical properties, such 

as sand, silt, clay, and organic matter. Because the compositions of soil vary from field to 

field, use-wear patterns derived from soils will be diverse. Because sand and silt function 

as abrasive and shearing media when interacting with the penetrating implements, one 
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can expect them to cause various sizes of striations and different degrees of flattening on 

the implements' surfaces. Clay consists of much finer grains, so the main wear one 

expects to see on such implements is rounding and sheen (polish). In addition to sand, 

silt, and clay, agricultural soils also contain certain amounts of organic matter, decayed 

and intact plants, so we expect to see grouped striations and flattening from plant fibers. 

Because soil itself is highly plastic, one can expect friction to affect all surfaces of the 

portions of the implements in contact with the soil, and that wear will be highly invasive 

(i.e., wear extends from the high points of asperities to their edges, which usually look 

rounded, and may even go down to the interstice). Both low-power (using the unaided 

eye and a stereo-microscope with magnifications between 8x and 80x) and high-power 

(using a metallurgical microscope with magnifications between 50x and 400x) 

approaches were used in my research. My microscopes were modified to provide a much 

larger, adjustable working space under the objective lens to accommodate archaeological 

and experimental samples. All experimental and archaeological specimens were initially 

examined with unaided eyes and the stereo-microscope (mostly with magnifications of 

8x, 10x, and 25x) to gain a relatively complete overall picture of the use-wear patterns 

and to identify areas for subsequent examination at higher magnifications (mostly with 

magnifications of 50x, 100x, and 200x). 

Experimental and archaeological samples were both washed gently under running 

water with mild soap and a soft brush, and cleaned with alcohol-soaked cotton balls to 

remove fatty or greasy residues prior to microscopic examination.  

Soil wear resulting from my experiments matched the expectations discussed above 

to some extent. It varied greatly from one field to another, but it all showed continuity 
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and various sizes of striations. However, invasiveness and flattening were light or absent. 

Light or absent invasiveness might have resulted from soil invading into the interstice 

among asperities soon after it contacted with the tool surface and preventing the edges of 

asperities from experiencing further friction. Light or absent flattening is understandable, 

as soils in the experimental fields comprise much lower sand fractions compared to an 

effective abrading stone. 

Findings from hide and bark wear are consistent with results obtained from 

previous research. Flattening is apparent in bark-derived polish, in contrast to the 

invasive and rounding polish derived from processing more flexible hides. Striations 

derived from both bark and hide processing vary in size, length, depth, and organization; 

however, bark-derived striations seem longer, somewhat finer, shallower, “better” 

organized, and of a more consistent size in general (Fig. 3.18). Image analysis software 

might be useful for quantifying the differences between the striations derived from bark 

and hide, but their appearances do seem distinct from one and another. Hide-derived 

polish seemed brighter and smoother than bark-derived polish, based on my experiments; 

however, previous research has shown that plant derived polish could be bright and 

smooth as well (e.g., Stone 2011: Fig. 9.19). It is possible that my impression of these 

differences was a consequence of small sample size. 
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Figure 3.18: Examples of experimentally derived use-wear patterns of hide vs. bark. 
Note that 1) the hide-derived polish is more rounding and invasive; 2) the bark-derived striations are longer 

and better organized, and 3) striations are both parallel and perpendicular to the direction of the prongs. 

 

The directions of the striations are supposed to be consistent to the working 

direction of the tools. However, even though the principal action of the hide strip rubbing 

against the notch was perpendicular to the direction of the prongs, the strip moved along 

the length of the prongs as well. The concomitant movements of left-and-right and up-

and-down caused striations on both axes (Fig. 3.18, use-wear at Spots 3 of #6001 and 

#6019). Striations that parallel the elongated direction of the prongs are more common on 

the hide-processing experimental samples than on the bark-processing samples, as both 

two-pronged scapular tools used for hide processing showed many fine but clear 

striations parallel to elongated direction of the prongs, while such striations were either 
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absent or only very sparsely present on bark-processing tools. However, it is not clear 

whether this was related to worked material or experimental duration, or was just a 

coincidence of how the two sets of the experiments were conducted.  

Results of earth-working experiments produced a mix of characteristics under the 

metallurgical microscope and the wear patterns varied from field to field. As predicted, 

most specimens exhibited striations of varying widths and depths (e.g., #6004; Fig. 3.19), 

except those that were used either in very fine soil with little to no gravel or sand (e.g., 

#6011 used in Field III and #6012 and #6014 used in Field VIII; see Fig. 3.19) or in very 

coarse soil with little gravel and a relatively high percentage of sand (e.g., #1004 used in 

Field XI; see Fig. 3.19). Although perpendicular striations commonly appeared, slightly 

diagonal striations were dominant. The striation direction was consistent with the 

observed use modes of the tools. All participants in my experiments used the shovel to 

penetrate the earth at an angle, allowing the corner of the implement to lead the 

penetrating process, resulting in less resistance than would be produced by pushing the 

whole edge all at once straight down into the earth. The former mode is more effective 

because it decreases the contact surface of the edge with respect to the earth, 

subsequently increasing the unit force and enhancing the tool's penetration ability. 

Striations parallel or nearly parallel to the edge also appeared on a few samples, e.g., 

#6004 used in Field IX, caused by the users lifting the implements transversely to loosen 

the soil from the edge. Compared to the diagonal and perpendicular striations, the 

transverse striations are much finer and shallower because the pressure toward the bone 

blade was light (Fig. 3.19). The majority of the striations appeared well organized, with 

striations of similar sizes evenly distributed and roughly parallel to each other. 
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Figure 3.19: Variations in soil-derived wear patterns. 

 

Compared to hide- and bark-derived polish, soil-derived polish does not show 

consistent morphological patterns. For example, it is neither exclusively invasive nor 

exclusively flattening. Rather, it appears as both slightly invasive and rounded or slightly 

flattened (Fig. 3.19), depending on the soil condition. The texture and brightness level 

also vary greatly, from very rough to smooth, and from matte to very bright. It seems that 

the finer the soil was, the smoother, brighter, rounder, and more invasive the polish it 

developed (e.g., #6012, #6014; Fig 3.19). However, the surface roughness of the tool also 
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affected the polish pattern significantly, further complicating material-specific 

characterization. For example, the polish on #6009 (used under dry conditions, with a 

much coarser surface than #6012 and #6014 (Figs. 3.19 and 3.20), which were used fresh 

and very smooth) looked less smooth, less bright, less invasive, and much more flattened 

compared to the polish on #6012 and #6014, even though they were all used in the same 

soil for similar amounts of time (Fig. 3.20). The better development of polish on #6012 

and #6014 might also have been an effect of the lubricants in fresh bone. Even at 

different spots on a single tool, use-wear could present in very different forms, e.g., Spot 

1 vs. 3 on #6014 (Fig. 3.20). The morphology of soil-derived polish on bone is so 

diverse; it even partially overlaps with polish developed on bone from hide processing 

(e.g., Fig. 3.21). Similar observations have been made in stone tool use-wear analyses: 

the micromophology of polish derived from earth-working partially overlaps with that 

from dry hide and wood (Akoshima 1989: Table 1). Since polish morphology is affected 

by too many variables (including post-depositional alteration) and is extremely sensitive 

and diverse, it is not ideal for material-specific identification on bone tools. 

Regardless of the great variety in morphological patterns, soil-derived wear 

consistently showed continuity, i.e., the wear followed the contour of the implements' 

surfaces and spread to both high spots and depressions almost evenly.The continuity of 

wear repeatedly appeared on the earth-working implements across fields while it was 

absent on tools used for other tasks, granting it distinctive characteristics of soil wear. 

The continuity of soil wear was made possible by the high plasticity of the matrix. Unlike 

the invasiveness of hide-polish, which extended from the asperities (high points) to their 

edges (which usually looked rounded) but hardly extended to depressions on the tool 
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surface, soil wear (including polish) usually did not reach the lower sections of the 

asperities, but it followed the contour of the implements' surfaces and spread to 

depressions on the tools' surface (Fig. 3.22).  

 

 

Figure 3.20: The diversity of soil-derived wear, perhaps due to variations in bone texture. 

 

 

 

Figure 3.21: An example of how soil-derived wear can look like hide-derived wear. 

 

Another signature of soil wear appears at the macroscopic level (Fig. 3.22). Twelve 

of 14 full-sized scapular earth-working tools with visible use-wear showed snapped scars 
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on the edge, which were completely absent from hide- and bark-processing experimental 

tools. The absence of snapped scars on two experimental tools was probably a result of 

either use-time (e.g., #6011) or the presence of grass roots that caught on the edge of the 

implement and functioned as a cushion.  

 

 

Figure 3.22: Soil signatures: continuity, snapped scars, visible long striations of various 
sizes, relatively large distribution of wear. 

The red lines show the distribution of soil-derived wear visible to unaided eyes (on the ventral view of #6002, 
Line 1 shows distribution of wear; Line 2 shows the area where striations are most intensive). From the lines 

to the edges, use-wear fully covers the implements' surfaces and has spread to depressions on the tools' 
surfaces (i.e., continuity). The use-wear photos of magnifications of 10x and 20x show snapped scars and 

striations of various lengths and sizes. 

 

Visible (to the unaided eye), long striations of various widths and depths also 

seemed quite unique to soil in my experiment. Visible (macroscopic) striations appeared 

on almost all earth-working tools (13/14, or 93% of full-sized earth-working scapular 
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tools showed macroscopic striations), but they also occurred on one out of four tools used 

for processing either hide or bark. However, the soil-derived striations are significantly 

longer, and their sizes vary greatly on a single implement, compared to the bark-derived 

striations. Therefore, simultaneous consideration of dimension and visibility of the 

striations on a macroscopic level helps the identification of soil-derived wear (Fig. 3.22). 

Note that striations apparent to the unaided eye may be too coarse to be observed under a 

metallurgical microscope; consequently the soil-wear signatures of visible long striations 

of various sizes are more reliably observed with low-power magnification or even with 

the unaided eye. 

In addition to the above three soil signatures (continuity, snapped scars, and visible 

long striations of various sizes), the location and extent of the wear, reflecting the manner 

of work, also provides important clues to differentiate soil wear from other kinds of wear. 

For example, compared to soil wear, hide and bark wear is seen along the extreme 

margins of the tools, while soil wear is present well away from the edge of the tool, much 

farther than is the case with the other tools because of the way the tools contact the 

material. However, these criteria are tool-specific and should not be applied without 

adjustment to identify soil vs. non-soil wear on bone in general. For example, striation 

length is significantly affected by the tools' use modes, which are restricted by their 

morphologies, particularly the location of the working edge in relation to the rest of the 

implement. Just as with a needle penetrating through a hide, a deflesher scraping over the 

surface of a hide, or a hide strip rubbing against a two-pronged edge, the extensions of 

wear are influenced by both the direction of the dominant motion and the overall form of 

the implement. One must also be very cautious even when applying these criteria to 
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identify functions of the same tools in the archaeological collections because wear on 

archaeological samples is much more complicated. The actual use of tools is not as 

exclusive as under experimental conditions; they might have been used for much longer 

periods of time in different soils and even for multiple functions, or the wear might have 

been altered by a variety of processes including weathering, post-deposition, and post-

excavation treatments.  

Identifying functions of scapular tools from the archaeological collections 

Although I initially planned to study all the scapular tools recovered from the three 

study sites (Kuahuqiao, Hemudu, and Tianluoshan), this intention could not always be 

fully realized because some of the samples were curated separately and could not be 

accessed. Table 3.6 lists the numbers of archaeological samples that I examined.  

 

Table 3.6: Numbers of examined samples 

Location Tool Water buffalo Deer Bear Carnivore Undet. 

KHQ Museum 24 2 16 0 1 5 

HMD Museum 93 63 20 2 0 8 

TLS 62 15 16 0 0 31 

Note: the "undet" (undetermined) source animals are still mostly deer and water buffalo, but they cannot be 
named as one or another because their diagnostic portions are missing. 

 

Accessible samples included: 1) 24 scapular tools housed at the Kuahuqiao 

Museum, representing 90% of all scapular tools collected from the site since 2001 

(ZPICHA and XM 2004); 2) 93 scapular tools housed at the Hemudu Museum, 

representing about half of all scapular tools collected from that site in the 1970s (194 

samples in total according to ZPICHA 2003a); and 3) 62 scapular tools housed at the 

Tianluoshan Archaeological Station, representing 95% of scapular tools excavated from 

the eponymous site between 2004 and December 2011. Because the most complete and 
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visually appealing specimens were selected for the Hemudu Museum collection, 

information from that sample may be biased; I relied on the Tianluoshan assemblage for 

complementary clues in order to reconstruct a broader picture.  

All accessible scapular tools from the three sites were briefly examined with unaided 

eyes and a stereomicroscope, and all samples from Hemudu and Tianluoshan were 

further scrutinized under a metallurgical microscope. Because of time limitations and the 

focus of my study (earth-working implements), only water buffalo scapular tools and 

several deer scapular samples were examined at higher magnifications under a 

metallurgical microscope. 

1. The functions of the Kuahuqiao scapular tools and complementary earth-working 

implements 

At the Kuahuqiao site, although unmodified deer scapulae are common in 

archaeological strata of Stages I-III (7,000-8,200 BP), and there are three unmodified 

water buffalo scapulae in strata of Stages II-III (7,700-7,000 BP), scapular tools did not 

appear until Stage III (7,200-7,000 BP), the latest period of the occupation. 

Most wear on the Kuahuqiao tools crafted from deer scapulae appeared rounded, 

with a waxy sheen and no striations visible to the unaided eye; the wear did not look like 

soil-derived wear on this scale. The locations and morphologies of the edges of most 

Kuahuqiao scapular tools also exclude their potential use as earth-working implements. 

Sixteen of 22 deer scapular tools are narrow blades with the spines and either the 

posterior or anterior border removed (Fig 3.23). Complete broken profiles, parallel or 

slightly diagonal to the long axes of the bone, were used as working edges. These 

morphological characteristics mean they could function as scrapers. Ethnographically, 

these tools are identified either as “fish scalers” (Giddings 1952, 1964) or hide scrapers 
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(Mathiassen 1927:101; Nelson 1983 [1899]:115, Plate L118). Two (T0511(6)B:3 & 4) of 

the sixteen samples were scrutinized under a metallurgical microscope and the observed 

wear pattern confirmed their use as scrapers. The wear appeared as polish and transverse 

and/or diagonal short striations, distributed only on the extreme edges (Fig. 3.23: use-

wear at Spot 2). However, the micro-morphology of polish on these samples does not 

resemble that resulting from either bark or hide processing on my experimental samples 

or those in other publications (e.g., Griffitts 2006; Stone 2011), leaving the worked 

material undetermined. 

 

 

Figure 3.23: Example of a scapular scraper, 2001XKT0511(6)B:4, from the Kuahuqiao 
Culture. 
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The edges of these scapular scrapers were usually irregular. These tools' edge 

morphologies and overall contours resembled many unused scapulae (28 out of 90) from 

Kuahuqiao and the ethnographic collection of reindeer scapulae from the Palangana site 

of Alaska, housed in the Zooarchaeology Lab at the University of Arizona in Tucson, 

suggesting expedient use of unintentionally broken scapulae (e.g., Fig. 3.24). Some of the 

broken pieces resulted from hunting (e.g., examples in the Palangana collection from 

Alaska, Mary Stiner, personal communication, January 2011), some others likely from 

cooking/burning. Little or no modification, relatively light degrees of visible wear, and 

the lack of reshaping evidence on the Kuahuqiao samples, even on the few that were 

fairly heavily used, match the characteristics of “expedient tools” or “opportunistically 

manufactured implements” defined by Choyke (1997:66, 71). 

 

 

Figure 3.24: An unintentionally broken scapula from the Palangana site in Alaska, 
compared to an expedient scapular tool, T0409(4), from Kuahuqiao. 

 

The remaining six samples crafted from deer scapulae are a bit more carefully 

shaped, with the spine partially removed and a single edge created at the proximal end of 
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the bone, diagonal to its long axis (Fig. 3.25). The use-wear patterns visible on these 

implements are similar to the scapular scrapers, with rounding and sheen visible to the 

unaided eye and unidentified polish micromorphology under a metallurgical microscope 

at magnifications up to 400x. Striations are not as well developed as those on the 

scrapers, leaving the manner(s) of use unknown. However, these tools clearly were not 

used for earth-working. 

 

 

Figure 3.25: Examples of more carefully shaped Kuahuqiao scapular implements; 
function(s) not identified. 

 

All deer scapular tools from Kuahuqiao are free from hafting modification and 

wear. The presence of a sheen visible to the unaided eye in areas around the glenoid 

cavity and on the sides of the scapular necks appears under a metallurgical microscope to 

be typical of wear produced from holding the tool in the hand (e.g., Fig. 2.23: hand-wear 

at Spot 4). The difference in weight and size between deer scapulae and water buffalo 
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scapulae may be one of the reasons why deer scapulae were preferred for crafting hand-

held implements. Water buffalo scapulae are much larger and heavier and would 

therefore be relatively difficult to use for prolonged periods. The consideration of tool 

portability affecting raw material preference is not rare among tool users; for example, a 

metatarsal bone of a younger moose is preferred over an older moose for crafting a hand-

held defleshing tool because of its lighter weight and smaller size (Steinbring 1966).  

In contrast to the deer scapular tools, the two implements (2001XKT0410(5)a:6 and 

2001XKT0410(5)a:7) crafted from water buffalo scapulae are much more elaborately 

shaped, with specific designs for hafting (Fig. 3.26-1, 2). 2001XKT0410(5)a:6 is intact, 

with the spine thoroughly removed and flattened, a one-beveled edge (edge angle 50-55°) 

at the proximal end of the bone, and a shaft hole (2.4 cm in diameter and 10cm deep) in 

the center of the glenoid fossa combined with a narrow “window” (1.8-2.3 cm in 

diameter) on the medial side of the collum. The use-wear pattern of this sample appears 

to be similar to that of Experimental Sample #6002 (Fig. 3.27), which was used in Field 

II, a modern rice field, where soil composition (see the soil triangular diagram above) is 

similar to the lacustrine sediments and anthropogenic deposits (represented by Soils #64-

66; see soil triangular diagrams in Chapter 2) on the wetlands of Kuahuqiao. Heavy wood 

wear on the inner wall of the shaft hole (Fig. 3.28) and extensive soil wear on the blade, 

in addition to the extraordinarily short length of the blade (13 cm long; the shortest earth-

working implement among all the archaeological specimens that I examined), indicate 

that the implement had been extensively used. 2001XKT0410(5)a:7 has an opening (9 cm 

long and 3.2 cm wide) in the medial side of the collum elongated toward the glonoid for 

hafting and an irregular, non-continuous edge that was probably formed by expedient use 
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of a broken implement (Fig. 3.26-3, 4). Use wear appears as slightly rounded, moderate 

smooth polish and various sizes of messy striations (Fig. 3.27), similar to that derived 

from hide processing. Heavy wood wear (Fig. 3.28) from hafting appearing on the 

surface of the hafting opening suggests intensive use. It is likely that the implement had 

an elaborate edge that was used for and broken from heavy duties; however, the original 

edge morphology and function are unknown. 

 

 
Figure 3.26: Examples of Kuahuqiao implements crafted from water buffalo scapulae. 

1&2. 2001XKT0410(5)A:6, 13 cm long, 8 cm wide, with a 2.8 cm wide, 8.8 cm deep shaft hole in the center 

of the glenoid fossa of the scapula; 3&4. 2001XKT0410(5)a:7; 5. T0411 IV:2 (1, 2, and 5 after ZPICHA 

and XM 2004: Plate 36). 
 

According to the Kuahuqiao archaeological report (ZPICHA and XM 2004), there 

is one more implement (T0411 IV:2) made from a water buffalo scapula of similar 

dimensions that shows hafting modification similar to that of 2001XKT0410(5)a:6, with 

a 2.8 cm wide, 8.8 cm deep shaft hole in the center of the glenoid fossa. Another 

specimen (T0410(4):20), shows hafting modifications similar to those of 

2001XKT0410(5)a:7, with a 2.8 cm wide, 9.2 cm long opening in the medial side of the 

collum. The illustration of this scapular implement in the report shows more diagnostic 

features of a deer scapula than of water buffalo. The scapular edges of these two 
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specimens are missing and the residual lengths are 20 and 10 centimeters, respectively. 

Both scapular spines are completely removed. 

 

 

Figure 3.27: Example (T0410(5)A:6) of soil-derived wear on Kuahuqiao implements crafted 
from water buffalo scapulae. 

Lines 1 and 3 indicate extended striations of various sizes and length visible to unaided eyes; Line 2 
indicates extension of macroscopic polish from use. 
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Figure 3.28: Examples of hafting wear on Kuahuqiao scapular earth-working implements. 

 

The Kuahuqiao samples are the earliest examples of scapular tools yet found in the 

Lower Yangzi River region. Their appearance represented new technologies for coping 

with needs arising from a new settlement system – long term occupation (although 

whether it was seasonal or year round is not yet clear) at an open-air site; these 

technologies were likely related to warm-keeping, weaving, and intended landscape 

modification. Scapular tool technologies did not develop until the latest stage of 
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occupation at this site (7,200 to 7,000 BP), even though the raw material was available 

throughout the span of occupation(s), from 8,200 to 7,000 BP. A sample of an 

intentionally modified non-tool at this site reveals additional information of an intended 

trial during the process of technological innovation. 

2001XKT0411(5)A:43 was sourced from an indeterminate carnivore with a shaft 

hole (1.5-2cm in diameter and 1.4cm deep) at the center of the glenoid cavity, just like 

that of 2001XKT0410(5)A:6, which was identified as an earth-working implement. 

Unlike a real tool, 2001XKT0411(5)A:43 lacks other modifications and traces from 

hafting and use. The shaft hole was crafted with the assistance of burning, leaving 

obvious traces and resultant cracks around the entrance of the hole (Fig. 3.29). What 

techniques were employed on the two water buffalo scapular implements to craft the 

shaft hole and the opening in the medial side are unclear due to absence of diagnostic 

traces that have been blurred from hafting friction. 

 

 

Figure 3.29: T0411(5)A:43 from Kuahuqiao: an unsuccessful trial with burning to create a 
shaft hole (first two photos after ZPICHA and XM 2004: Plate 36). 

 

Among all scapular implements from the three study sites (Kuahuqiao, Hemudu, 

and Tianluoshan), 2001XKT0411(5)A:43 is the only example that was manufactured by 
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burning. As the technique turned out to be impractical (because it causes severe cracks), 

the sample was not modified further, nor was it used. This is also the only example 

fashioned from a carnivore scapula, and it is much smaller (15.5 long, weight 70 grams) 

and thinner than the scapula of a water buffalo or a large deer. Together these led to the 

conclusion that this implement represents an unsuccessful trial in manufacturing 

technique, tested with similar but not ideal raw material with an intention of minimizing 

the experimental costs. Alternatively, this implement can be explained as a child’s toy. 

However, because it does not show deliberated contour shaping and the “edges” are sharp 

enough to cut a child’s figures, this explanation is unlikely to be accurate. 

As experimental and use-wear analyses have shown, scapular earth-working 

implements were practical for ground penetration only in soft and fine soils in the 

lowlands, perhaps for rice cultivation. However, a great deal of earthwork at Kuahuqiao 

was conducted on the Xiashu Loess (Chapter 2), where scapular implements could 

scarcely penetrate at all (Chapter 5). The task of ground-breaking on the Xiashu Loess 

was likely accomplished with wooden digging sticks. Constructions such as F4 at 

Kuahuqiao show evidence of pointed wooden poles pounded directly into the Xiashu 

Loess (Chapter 2); similar techniques might have been applied with digging sticks to 

loosen soils on the ground followed by soil removal to create pits for a variety of 

purposes. To determine whether scapular implements might have been involved in the 

process of soil removal will require further examination of additional implements crafted 

from water buffalo scapulae that were reported in the archaeological report (ZPICHA and 

XM 2004). 
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Scapular earth-working implements continued to be used in the subsequent period 

(7,000-6,000 BP), characterized by the same hafting style as in the early Majiabang 

culture in the Lake Taihu area, but these implements were quickly abandoned, perhaps to 

be replaced by antler picks and stone spades. In contrast, the Hemudu populations on the 

Ningshao Plain employed scapular earth-working implements with a revised hafting 

design and used them to a greater extent for over a millennium.  

2. The Hemudu earth-working implements and their working contexts 

No archaeological scapular tools from Hemudu and Tianluoshan show use-wear 

patterns identical in morphology to any of those derived from soil in my experiments. 

However, applying the criteria of (1) continuity, (2) snapped scars, and (3) visible long 

striations of various sizes, as well as (4) distribution of wear, and (5) edge location in 

relation to the rest of the tools, many archaeological tools show soil-like wear (Table 

3.7). The five criteria combined (sometimes excluding snapped scars) ensure relatively 

reliable identification of earth-working implements from the archaeological samples. 

Depending upon the situation, an implement did not always need to bear snapped scars to 

be confidently identified as an earth-working tool, because such traces were distributed 

exclusively along the tool's extreme edge and could be obscured relatively easily by 

secondary uses and edge resharpening. 

The main differences between soil-like wear on the archaeological artifacts and 

soil-derived wear on the experimental pieces are the brightness and texture of the 

observed polish. Compared to soil polish generated by my experiments, polish on the 

archaeological samples bearing soil-like wear appeared smoother and brighter in general. 

A variety of factors could account for such differences. Each of the archaeological earth-
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working implements might have been used in a variety of soils, and even non-soil 

contexts, so that the wear was derived from a mix of contexts, unlike the relatively “pure” 

working context of the experimental samples. Saturation in a water-logged context may 

have caused post-depositional alteration to previous wear, and polish is the most sensitive 

and easily obscured attribute. Archaeological samples might have been used as less-

damaging soil-collecting tools in loosened substrates rather than earth-breaking tools, as 

they were employed in my experiments. 

Table 3.7 presents experimentally derived wear that most closely resembled the 

wear on each archaeological sample, based mainly on the sizes and densities of striations, 

followed by a discussion of the working contexts of earth-working implements during the 

Hemudu cultural period. 

 

 
Table 3.7: Hemudu and Tianluoshan archaeological specimens with soil-like wear 

Site Collection# Species Weight 

(g) 

Length 

(cm) 

Rugosity 

rank 

SLC 

(cm) 

Edge 

style 

Use-wear 

resembles... 

HMD 272 W.B. 213.5 19.5 IV 6.13 E 6013 

HMD 278 W.B. 354* 22.9* V 6.93* undet 6004, 6009 

HMD 279 W.B. 192* 19 V 7.25* EV 6012, 6014 

HMD 280 W.B. 196* 19.4 III 6 E 6012, 6020 

HMD 271 W.B. 235 17.2 IV or V 6.05 E 6002, 6004 

HMD 275 W.B. 202 13.5 V 6.82 E 1004, 6004 

HMD 276 W.B. 190 18.4 V 6.12* E 6002 

HMD 284 W.B. 166* 17* I 5 undet 6020 

HMD 281 W.B. 228 16.4 V 6.35 E 6013 

HMD 282 W.B. 186* 16.4* missing missing E 6009, 6012 

HMD 283 W.B. 218* 18.7 IV missing EV 6020 

HMD 290 W.B. 208 16 V 6.58* EV 6002, 6004 

HMD 295 W.B. 235* 20.2 V missing E 6004 

HMD 298 W.B. 204* 17.3 IV or V missing EV 6009 

HMD 302 W.B. 233* 20.6 V missing EV 6005, 6020 

HMD 304 W.B. 266* 23 V 7.35 EV 6009, 6012 
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Site Collection# Species Weight 

(g) 

Length 

(cm) 

Rugosity 

rank 

SLC 

(cm) 

Edge 

style 

Use-wear 

resembles... 

HMD 306 W.B. 168* 18.6* missing 6.37 EV 6002, 6011, 

6009 

HMD 307 W.B. 137* 18* I 4.65 S 6002 

HMD 314 W.B. 297* 23.7** V 6.9* EV 6002 

HMD 323 ? 90* 13.5* missing 5.25* EV ? 

HMD 325 Deer 116* 18.2* V 4.37 undet 6002, 6013 

HMD 326 Bear 393* 25 V? * E 6004, 6005 

HMD 328 W.B. 286 18 V 6.55* E 6011? 

HMD 330 W.B. 335 20.4 V 6.25 EV 6020, 6012 

HMD 338 W.B. 304 22.7 V 7.46 EV 6002 

HMD 339 W.B. 202 17.8 V 6.75 E 6011 

HMD 340 W.B. 194 15.4 V 7* E ? 

HMD 342 W.B. 337* 30.5 V 6.22* ES 6021 

HMD 344 W.B. 195* 16.8 V 6.67 undet 6011, 6005 

HMD 350 W.B. 220 17.5 V 6.12 E 6002, 6004 

HMD 352 W.B. 177* 14.1* missing missing EV 6012, 6014 

HMD 353 ? 112* 15.8* missing missing undet 6005 

HMD 354 W.B. 158 14.9 V 6.58 E 1005 

HMD 360 W.B. 243* 17.5 V 7.13 undet 6002, 6012 

HMD 362 W.B. 144* 11.2* V missing E 6012 

HMD 363 W.B. 198 16.5 V 7.12* EV 6012 

HMD 365 W.B. 298 18.7 V 6.86 EV 6012 

HMD 288 Deer 113* 15* IV or V 3.6 undet 6009, 6021 

HMD 336 Deer 110 20.4 II 3.34 V 6020 

TLS T103(5):80 ? 144* 23.2 missing missing undet 6020 

TLS T206(5):1 W.B. 191 15.8 II 5.94 E 6004, 6021 

TLS DK3(7) W.B. 247* 17 IV 6.61 Undet 6020, 6021 

TLS DK3(7):8 ? 56* 14.4 missing missing undet 6011, 6021 

TLS T203(3)A:1 W.B. 232 15 V 6.55 E 6020, 6021 

TLS T301(5)4 ? 66* 9.6* missing n/a undet 6012 

TLS T404(4) W.B. 252* 17.3 IV or V 6.21* EV 6002, 6004 

TLS T307(5) W.B. 168* 13.7 missing 5.72 undet 6002, 6004 

TLS T203(7) W.B. 289 21.2 II 6 EV 6021, 6011 

TLS T104(3):SGS1

& 

T005(3):SGS1 

? 84* 12* missing missing undet 6021, 6011 

TLS IIT403(5):5 W.B. 235* 19 missing missing undet 6021 

Note: 1. W.B. = water baffulo; 2. A star (*) following a number indicates that the measured unit was 
incomplete or broken; 3. Rugosity rank = rugosity of the scapular necks, ranked as I-V, with I representing 
the smoothest and V the most rugose; 4. SLC= the width of the scapular neck; 5. Edge style indicates both 
edge locations and morphologies: E = straight edge at the proximal end of the bone, S = at the side of the 
bone, edge may or may not be straight, V = two-pronged, ES = coexistence of E and S edges; EV = 
coexistence of E and V edges. 
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Fifty scapular implements are interpreted as having been used for earth-working, 

including 39 out of 93 from Hemudu and 11 out of 62 from Tianluoshan. I was able to 

identify the origin of 44 earth-working implements (the other six implements are missing 

the diagnostic portions). Forty are from bovids (members of the mammalian family 

Bovidae), particularly water buffalo (Bubalus sp.), common among the then-local fauna 

(Wei et al. 1990; Zhang et al. 2011; ZPICHA and XM 2004). The remaining four include 

one from a bear (Ursidae gen. et sp. indet.) and three from deer (Cervidae gen. et sp. 

indet), probably Elaphurus davidianus (Père David's Deer) or Cervus unicolor (Sambar 

Deer), based on their sizes and the fact that both these largest species of deer are included 

in the archaeological fauna (Wei 1990; Zhang et al. 2011). The strong preference for 

water buffalo over deer scapulae may be due to their longer potential use lives because of 

concomitant larger dimensions and greater robustness as ensured by thicker compact 

bone. The three deer scapulae that were used for earth-working are relatively large and 

robust compared to other deer scapulae, but still smaller than the smallest water buffalo 

scapula that was crafted into an earth-working implement (e.g., SLC values of 4.4, 3.6, 

and 3.3 cm of the deer vs. 4.7 cm of the water buffalo). The only modified bear scapula is 

larger and more robust than those of water buffalo (e.g., weighing 393 vs. the 354+ grams 

of the largest water buffalo earth-working implement in the record). However, the blade 

curves and the overall shape is less convenient to modify into a shovel than that of a 

water buffalo; also, the implement looks awkward for earth-working. The four 

exceptional scapular implements made from bear and deer may indicate a short supply of 

the most desirable raw materials (for more discussion, see Chapter 4). 
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The basic dimensions (the weight, overall length, and SLC), counting only intact 

specimens for the weight and intact portions for the length and SLC, of the Neolithic 

earth-working implements made from water buffalo scapulae are listed below in Table 

3.7. The identified earth-working implements from the archaeological collections are 13-

30.5 cm long. The shortest archaeological sample (13 cm) was crafted from one of the 

largest and most robust water buffalo scapulae, and it probably represents the minimum 

functional length of earth-working implements. Considering the dimensions and 

morphologies of modern cattle scapulae, the original length of this implement is 

estimated to have been 23 centimeters if it was made for breaking ground, suggesting that 

approximately 10 centimeters were worn off the length from use. The longest 

archaeological sample (30.5 cm) includes an extended curved portion toward the edge, 

not ideal for ground-penetration; it was likely used for moving soil rather than breaking 

ground (see below). 

 

Table 3.8: Earth-working scapular tools crafted from water buffalo scapulae 

  Minimum Maximum Mean Median N SD 

Weight (g) 158 335 232 220 19 48 

Length (cm) 13 30.5 18.2 17.5 35 3.4 

SLC (cm) 4.7 7.5 6.4 6.6 34 0.6 

 

Most archaeological use-wear resembles the wear generated by relatively soft, fine 

soils in rice fields or soils of similar textures (e.g., Fields I, II, IV, VIII, and IX). Far 

fewer archaeological samples showed use-wear similar to that derived from harder, 

coarser soils in the contexts of habitation and graves (e.g., Fields V, X, and XI). To get a 

rough sense of the working contexts, particularly agricultural, non-agricultural (e.g., 

habitation and burial), and coastal deposits that could have been associated with either 
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agricultural or non-agricultural uses (Chapter 2) of the implements from the three sites, I 

developed a method to evaluate the relative frequency of earth-working by scapular tools 

in these contexts. I assigned scores to the identified working context(s) of each 

implement and summed up the total scores in each context for comparison. For example, 

if the soil-like wear on an archaeological implement resembled the wear on one or more 

experimental implements that were used in rice fields (either ancient or modern, e.g., 

wear on HMD 271 resembled that on #6002 and #6004 used in the modern rice field of 

the Tianluoshan village and the ancient rice field at Maoshan, respectively), one point 

was assigned to the rice field. If the soil-like wear of the archaeological implements 

resembled wear on more than one experimental implements used in both agricultural and 

non-agricultural contexts (e.g., wear on TLST203(7) resembled that on #6011 and #6021, 

used in an ancient rice field and habitation area at Tianluoshan, respectively), 0.5 point 

was assigned to each context. The total scores for each working context at Hemudu and 

Tianluoshan are listed in Table 3.9.  

 

Table 3.9: Working contexts of the earth-working implements 

  Agriculture Coastal deposit Others Sample Size 

HMD 24.5 10.5 3 38 

TLS 6 1.5 3.5 11 

 

Experimental results suggest that scapular earth-working implements were used 

more frequently in agricultural fields than in non-agricultural areas. At Hemudu, the 

frequency of using earth-working scapular tools in agricultural contexts is estimated to be 

about 8 times that in non-agricultural contexts (24.5 vs. 3 points). At Tianluoshan, the 

frequency of non-agricultural use of implements was much higher; however, it is still 

lower than in agricultural fields (3.5 vs. 6 points). The coastal deposits share similar soil 
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properties with those of agricultural fields; however, the earliest pile-dwelling houses at 

Tianluoshan (and probably Hemudu) were constructed on coastal sediments, therefore, 

earth-working implements with coastal-deposit-derived wear, especially those uncovered 

from the earliest Neolithic archaeological strata, could have been employed in either 

context. Even when counting coastal deposits exclusively as a non-agricultural context, 

the frequency of using implements in agricultural fields was still higher at both sites. 

Such rough estimates of use frequencies may not represent the exact circumstances 

of the tools' use; however, the overall picture from these numbers should be reliable. The 

estimated working contexts at Tianluoshan may be closer to the exact situation, because 

half of the experiments were conducted at fields at this site while none were carried out 

around the Hemudu site.  

Analyses of the performance characteristics of scapular implements in different 

soils (see details in Chapter 5) show that they penetrated earth relatively well and were 

relatively durable in agricultural and similar contexts. In contrast, in non-agricultural 

fields where soils are usually harder and coarser, such as Field V in the habitation area of 

Tianluoshan, they were much less effective and they wore down rapidly. For example, 

digging a storage pit of six cubic meters in Field V would completely exhaust one 

scapular implement crafted from the largest water buffalo scapula (Chapter 5). This may 

explain why scapular implements were less commonly used in non-agricultural contexts 

than in agricultural and/or similar soils. 

Although none of my experimental implements were used to the extent that 

breakage occurred, presumably those used to penetrate non-agricultural (i.e., harder) soils 

are more subject to breakage because they had to absorb more force. To reduce the risk of 
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breakage and also enhance the implement's penetration ability, shorter implements with 

narrower edges (as the width of the bone decreases toward the glenoid cavity) in non-

agricultural, compact soils may be most effective. Also, because scapular implements 

became exhausted much more quickly from penetrating non-agricultural, more compact 

soils, one might reasonably expect them to be shorter and exhibit higher percentages of 

broken implements when compared with those used to penetrate agricultural soils. 

However, the archaeological samples did not match these expectations (Fig. 3.30; Table 

3.10).  

 

 
Figure 3.30: Comparison of median length of implements employed in the contexts of 
agriculture, coastal deposits, and non-agricultural activities (sample sizes: 18, 7, 7). 

 

 
Table 3.10: Lengths (cm) of archaeological earth-working implements crafted from water 
buffalo scapulae at Tianluoshan and Hemudu 

Context Complete length (cm) Number of 

broken samples Max. Min. Mean Median N SD 

Agricultural 22.7 13 17.8 17.6 18 2.4 3 

Non-agricultral 30.5 13.5 18.4 16.4 8 5.5 0 

Non-agricultral 

(outlier removed) 

21.2 13.5 16.6 15.8 7 2.7 0 

Coastal deposit 23 16.5 18.8 18.7 7 2.1 5 
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The longest earth-working implement crafted from water buffalo scapula in the 

archaeological collections (30.5 cm), with a long curved portion toward the edge, 

exhibited soil wear from a non-agricultural context. Even after this outlier is removed, the 

average and median lengths of the 18 implements that were used only in agricultural soils 

and remain unbroken lengthwise are only 1.2-1.8 cm longer than the seven implements 

used in non-agricultural contexts. The two sample t-test result suggests that this 

difference is not significant: t (1.2) = 1.12, p = 0.3567. The percentage of broken 

implements among the agricultural implements is 14.2% (i.e., 3 out of 21) while no 

broken implements crafted from water buffalo scapulae were identified as having been 

employed in non-agricultural context. Collectively, these clues may indicate that scapular 

implements used in non-agricultural contexts were more likely to have been used for 

moving loosened soils; if they were for breaking ground, they must have been used only 

when the ground was very moist and therefore much softer. This argument does not 

assume that a tool was used exclusively in either agricultural, or coastal deposit, or non-

agricultural contexts. In fact, most implements with soil wear similar to that derived in 

non-agricultural soils also possess agricultural soil-like wear. For example, at 

Tianluoshan, six of seven implements displaying non-agricultural wear also show 

agricultural soil-like wear. It is possible that the samples that exhibited only wear from 

agricultural soils had been used in non-agricultural soils but that initial wear was 

obscured by later use. Even if it is not completely obscured, non-agricultural soil wear, 

especially that generated by penetrating compact soils, is more difficult to capture by use-

wear analysis because its distribution is limited to areas close to the edges due to 

shallower penetration. These possibilities do not conflict with the overall picture drawn 
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by experimental and ethnographic research, however. Scapular implements may have 

been used more commonly in agricultural soils for earth-working tasks, including 

breaking ground (e.g., tilling); while they were also used in non-agricultural contexts, that 

use was directed toward lighter tasks given the limitations of their functional feasibility 

and material durability (particularly, but not exclusively, resistance to abrasion). They 

could have been used for relocating loosened soil or breaking ground when the soil was 

moist and soft. 

3. The morphologies of the Hemudu scapular earth-working implements 

(1) Hafting designs 

Earth-working implements exhibit sophisticated modifications for hafting. All but 

two implements (both crafted from deer scapulae) have a hafting groove on the ventral 

face for the attachment of a handle. To fasten the handles, each implement has two 

perforations. In addition, the cortical bone on the lateral sides of the scapular necks were 

removed, and both sides of all but five implements are transversely scored through (Fig. 

3.31). Two of the five exceptions are crafted from water buffalo scapulae, whose cortical 

bone on the lateral sides of the neck are removed to a degree comparable with the 

samples that are scored through. In contrast, the degree of modification of the necks of 

the three deer scapular implements is much lower, with only one side slightly notched 

(Fig. 3.31). Minimal modification of the sides is common among implements crafted 

from deer scapulae. On the one hand, the necks of deer scapulae are much thinner and 

narrower than those of water buffalo, and they would have been relatively fragile if 

heavily modified. On the other hand, deer scapular implements were principally used for 
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tasks lighter than earth-working which would not have easily loosened the hafting lashing 

or did not need the implements to be hafted at all, such as processing fibers (see below). 

 

 

Figure 3.31: Hafting designs of Hemudu scapular earth-working implements. 
The photos of HMD 271 on the top show typical hafting design for the earth-working implements crafted 

from water buffalo scapulae. The photos of HMD 336 on the bottom show a hafting design for implements 
crafted from deer scapulae. Note that HMD 336 lacks 1) a deep hafting groove on the ventral surface, 2) 
deep notches on the sides of the neck, and 3) modifications around the glenoid cavity. Also, the neck of 

HMD 336 is not scored through as in HMD 271 (see the lateral views). 
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In addition, projecting portions around the glenoid cavities were flattened to ensure 

effective lashing. Again, the modifications around the glenoid cavities are much more 

extensive on the scapulae of water buffalo than on those of deer.  

Two scapular implements were found with lashing materials and a small portion of 

a handle, suggesting that they were hafted as shovels and that the ligatures were lashed 

not only across the sockets, but also completely around the necks, tightly fastening the 

shafts (Fig. 3.32). Based on the findings and wooden shafts found at Hemudu, researchers 

have reconstructed the hafting manner of Hemudu-style scapular earth-working 

implements (Fig. 3.32). The presence of hafting wear on the neck surfaces of the 

implements, e.g., TLST406(5), confirms that this tight fastening method was commonly 

employed. Such hafting designs are much more elaborate than those of the scapular tools 

that were used for other purposes in the Hemudu culture. They are also more elaborate 

than hafting designs on scapular earth-working implements from Kuahuqiao and 

European prehistoric sites (with a hole at the center of the glenoid cavity or an opening 

on the ventral surface of the bone; see above and Steppan 2001) and the scapular hoes 

used by the Hidatsa (which show much lighter modification on the sides of the necks 

without scoring through them; see Griffitts 2006).  
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Figure 3.32: Hafting styles for scapular earth-working implements. 
1. HMDT224(4)B:175, 18.2 cm long and 9.8 cm wide, with lashing materials and a small portion of the shaft 

(after ZPICHA and XM 2004: Plate 26-1); 2. TLST302(8):3 with lashing materials (photographied by 
Guoping Sun); 3, 4, &5. Sketches of wooden shafts found at Hemudu (from left to right: T33(4):61, T225 
(4):62, & T19 (4): 39) (after Mou 1980: Fig. 2); 6&7. Sketches of the lashing style of HMDT224(4)B:175 

(after Mou 1980: Fig. 2); 8&9. A reconstructed hafting method suggested by Mou (1980: Fig. 2). 

 

Compared with other hafting designs, these Hemudu hafting modifications may 

fasten the blades to the handles much more securely. As my experimental results show, 

although a replicated socketed implement (#6009) resembling the Kuahuqiao earth-

working implement 2001XKT0410(5)a:6, with a vertical socket from the top for hafting, 

functioned as efficiently as an implement (#6012) with the Hemudu sophisticated groove-

perforation-sccored notch design when used as earth-working implements in Field VIII 
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(coastal deposit), the shaft of the former occasionally separated from the implement 

during operation. Even though reinserting the shaft to the socket was quick and easy, it 

interrupted the work and could have been very annoying. However, from a pure hafting 

perspective, these Hemudu hafting modifications are still overdesigns (i.e., designing in a 

manner that is excessively complex or strong that exceeds usual standards/minimal 

needs), especially the complete removal of the strongest portion (all cortical surfaces) on 

the sides, cost much more effort in manufacturing and significantly weakening the 

scapular necks. Transversely scoring through the necks exacerbates this problem, causing 

breakage patterns common in the archaeological collection (Fig. 3.33). These 

overdesigns, which emphasize tight fastenings, indicate that the earth-working tasks at 

Hemudu culture sites may have been very arduous, probably because the soils were more 

difficult to penetrate or stickier (thus blades would have stuck in the soil easily) than 

those in other areas of the world where scapular tools were employed, or because the task 

was extremely intensive and did not allow much interruption for rehafting. Engraved 

transverse or oblique lines carved on the sides of a few specimens also indicate 

significant consideration of tight fastening (e.g., Fig. 3.34); the lines increase the friction 

of lashing and further secure the hafting. Similar engraved lines were also applied to a 

few antler handles to aid tight fastening of groundstone adze heads in the Hemudu 

culture. 
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Figure 3.33: Breakage patterns of Hemudu scapular earth-working implements resulting 
from hafting modifications. 

 

Shallower notches are more common in other world regions (e.g., North America, 

see Griffitts 2006). Two of the samples from the Hemudu culture also show shallower 

and unscored notches on the sides. A few other implements from Hemudu also show less 

modification, with notches that are deep but unscored or scored just half-way through 

(e.g., HMD 304, 341, and 359). These may indicate experimentation with a strategic 

design process resulting in the decision to make a tight joint without sacrificing the tool's 

toughness. The three implements that are crafted from deer scapulae tell different stories 

(see below). 
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Figure 3.34: Engraved transverse and oblique lines carved on the sides of the ventral 

surface, perhaps to increase the friction of lashing and further secure the hafting. 

 

Besides the need for a tight joint, there might have been other factors that 

contributed to these Hemudu “overdesigns.” Researchers have noted that metal cutting 

tools introduced historically into the Middle Missouri valley encouraged the production 

of more sophisticated scapular hoe forms that do not show obvious functional or hafting 

advantages over the traditional types (Griffitts 2006). Middle Missouri traditional forms 

bear minimal modification: altering the glenoid fossa, shaping the end of the blade, and 

adding notches to the body. However, new hoes made with metal tools had much more 

bone removed than the old forms made with stone tools (Grifftts 2006). The Hemudu 

culture had sophisticated, polished, and therefore presumably more efficient, groundstone 

tools in comparison with contemporary cultures in other areas, but more work is required 

to fully evaluate the issue of whether or not this encouraged the more sophisticated 

design of scapular tools. 

Instead of notches on the side, the compact bone on the sides of the necks and all 

the way toward the glenoid of many Hemudu cultural samples was completely removed, 
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creating straight sides on the neck. This might have originally been the result of miscuts 

that were nonetheless copied by later craftspeople (Chapter 4). The resultant straight 

sides are much more fragile than regular scored notches because all compact bone is 

removed from the sides of the neck and the glenoid and they cannot hold lashing as well 

as the notches. However, because it required less technical control than crafting notches 

on the sides and was thus easier to achieve by inexpert craftspeople, this style was 

common in the Hemudu culture. 

(2) Other morphological characteristics 

Besides those for hafting, common modifications of the scapular earth-working 

implements also included removing the spine on the dorsal face, part of the posterior 

border which runs alongside of the spine, and the proximal end of the bone, and 

sharpening the edge.  

Based on common sense, one would expect only one edge on an earth-working 

implement, which would be located at the proximal end of the bone. One would also 

expect the spines of scapular earth-working implements to be largely or completely 

removed to reduce resistance to penetration. The archaeological samples match these 

expectations to some degree; however, they reflect much more complicated relationships 

between morphology and function. Below I will discuss the morphological features of 

scapular earth-working implements by way of comparison with scapular fiber-processors 

(Table 3.11).  

As expected, most implements that were used primarily or exclusively for earth-

working exhibit higher degrees of spine removal. The implements that display fiber wear 

alone retain larger portions of their spines. Sometimes the spine itself is sharpened and 
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used as additional abrasion to process fiber (Fig. 3.35). Although a few fiber processors 

also show high degrees of spine removal, these implements may not have originally been 

designed to process fibers, but for earth-working (see below). 

 

Table 3.11: Functions and edge locations/morphologies 

  E ES EV S V Total 

Both soil and fiber 6 1 10 1 1 19 

fiber only 2 3 11 0 6 22 

Soil only 11 0 6 0 0 17 

Total 19 4 27 1 7 58 

Note: edge locations/morphologies: E = straight edge at the proximal end of the bone; S = at the side of the 
bone, edge may or may not be straight; V = V-shaped at the proximal end of the bone; ES = coexistence of 
E and S edges; EV = coexistence of E and V edges. 

 

 

 

Figure 3.35: Example of a scapular fiber processer. 
Note that a large portion of its spine was retained, intentionally sharpened, and used for additional abrasion 

in processing fiber. 
 

Also as expected, the edges of most earth-working implements are located at the 

proximal ends of the bones. Two exceptions retain edges on the sides. Both artifacts were 
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re-purposed, with the original proximal edges for earth-working partially remaining on 

one sample, but completely missing on the other. It is clear that their broken profiles on 

the sides were used, most likely to process plant fibers as use-wear shows.  

Almost exclusively crafted from water buffalo scapulae (18 out of 19; one was 

sourced from a bear scapula), 17 out of 19 implements with only one edge, located at the 

proximal ends, show clear soil wear; 11 of them reflected contact with soil only. The two 

exceptions exhibit clear plant wear. However, three clues suggest that these two 

implements might originally have been used for landscape modification: (1) the presence 

of ambiguous wear that may or may not have been soil-derived; (2) the presence of 

sophisticated hafting modifications, and (3) the complete removal and flattening of spines 

(Fig. 3.36).  

Because water buffalo scapulae were in short supply (see details in Chapter 4), such 

implements were typically used until their lengths were reduced to non-functional 

dimensions. As the blades wore down and became shorter, the implements' hafting 

elements were sometimes readjusted to maximize their residual use-lives. For example, 

the length of the hafting groove might be shortened, or additional sockets or perforations 

crafted closer to the distal end of the bone, leaving duplicated modifications as remnant 

traces on the implements (Fig. 3.37). Broken implements with significant residual use-

lives continued to be used without substantial remodification for earth-working if the 

remaining morphology allowed, or else recycled for other purposes including fiber 

processing. Alternatively, portions might be cut off broken implements, reshaped, and 

used for a variety of purposes. 
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Figure 3.36: Two E-edged examples from Hemudu and evidence of their major use as 
earth-working implements. 

1. Dorsal & ventral views of HMD 271 or T221(4)B:212 (the red lines close to the edges indicate the 
extension of soil-derived striations visible to unaided eyes while red lines further off the edge indicate 

striations visible under a stereomicroscope); 2.&3. Various sizes and lengths of soil-derived striations and 
scars (10x & 20x respectively) at Spot 1 of HMD 271; 4. Soil-derived wear (50x) at Spot 2 of HMD 271; 5 & 

6. Soil-derived wear (50x & 100x) at Spot 3 of HMD 271; 7. Dorsal & ventral views of HMD 362 or 
T224(3)B:46; 8. Soil-derived wear (50x) at Spot 1 of HMD 362; 9, 10 & 11. Soil-derived wear (50x, 100x, & 

200x) at Spot 2 of HMD 362. 
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Figure 3.37: Examples from Tianluoshan showing readjustments of the implements' 
hafting elements to maximize their residual use-lives. 

1. TLST206(5):1 with two sets of perforations. 2&3. TLST203(3)A:1 showing two hafting grooves (#3 is a 
closer view of the end of the grooves; the white arrowhead points to the end of the longer groove while the 

yellow arrowhead points to the shorter one). 

 

The implements with only two-pronged edges and with identified worked materials 

were crafted exclusively from deer scapulae. Such implements might have been used 

mainly as fiber processors, as ethnographic data suggests (Hofman 1980). One (HMD 

336) of the seven implements was originally used for moving loosened soils in rice fields 

(with soil wear resembling experimental sample #6020) with the unsharpened edge 

remaining indicates it was not produced for the explicit purpose of penetrating earth. This 

interpretation is consistent with my own experimental results, which demonstrated that 

two-pronged edges were inefficient at penetrating even soft agricultural soils. The traces 

on one side of the two prongs suggest that the notch might have been formed by breakage 

from earth-working (Fig. 3.38). 
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Figure 3.38: Evidence HMD 336 was used as an earth-moving implement, which resulted in 
edge breakage, and then reused as a hide processor. 

 

Hafting modifications of these two-pronged deer scapular implements are usually 

light. Only one of the seven implements (HMD 313) has hafting modifications 

comparable to those of the earth-working implements crafted from water buffalo bones. 

But these inappropriate designs also resulted in breakage occurring along one of the 

perforations, taking one prong off of the two-pronged edge. Polish and rounding 

appearing on the broken profile suggest that the implement was used even after it was 

broken. Nothing indicates that the tool's function changed after it was broken, although 

the manner of its use might have been adjusted accordingly. The hafting modifications 

appearing on the remaining six implements are much lighter and their spines are also only 

slightly removed (Tables 3.12 and 3.13). 
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Table 3.12: Morphologies and hafting designs of two-pronged scapular implements 

Site Speci

es 

Soil 

wear 

Other 

function? 

Perfora

tions? 

Neck 

modifi

cation 

Groove? Spine 

removal 

Remodi

fication 

Prong 

length 

(cm) 

Distance 

of prongs 

(cm) 

Weight 

(g) 

Length 

(cm) 

HMD deer y Hide or plant y B n IV-V n 7.8 8.8 109.5 20.4 

HMD deer n Hide y A y III n 6.9 9.7 109.9* 21.2* 

HMD deer n Plant?  y A n III n 9.7 missing 175.9* 22.8 

HMD deer n Plant? n A y III n 13.2 7.9 160* 25.4 

HMD deer n Plant y C y IV y 11.7* missing 159.8* 23.9 

HMD deer undet Plant or hide y A y III n 6.1* missing 163.3* 19.7 

TLS deer undet Plant n B y IV y >6.6 5.4 191.8* 21.2 

Note: Neck modification: A = none, B = non-scored notches on the sides, C = scored notches on the sides. Spine removal: III = Moderate, IV = Almost 
completely removed, V = completely flattened. Numbers followed with an * means the implements or portions are incomplete. 

 

 

 
Table 3.13: Functions and degrees of spine removal 

  III IV V Total 

Both soil and fiber 5 9 6 20 

fiber only 8 15 2 25 

Soil only 4 9 14 27 

Total 17 33 22 72 

Note: degrees of spine removal: III = Moderate, IV = Almost completely removed, V = Completely flattened. 
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Although 17 implements with soil wear have two-pronged edges, 16 have an edge 

located at the proximal end. These implements with both two-pronged and proximal 

edges are coded as EV-edged samples. They are crafted exclusively from water buffalo 

and all bear indications of sophisticated hafting modifications. Their spines are 

completely removed and many are thoroughly flattened. Use-wear analyses indicate that 

ten were originally employed in earth-working and reused for fiber processing. It is likely 

that the remaining EV-edged samples follow the same use and reuse pattern but the soil 

wear resulting from the tools' original use is completely obscured. The two prongs on 

earth-working implements (the samples with EV edges that exhibit soil wear) differ 

morphologically from those pure two-pronged edges that were used exclusively for fiber 

processing. The most significant difference is the length of the prong, or the depth of the 

notches between the two prongs. These EV-edged samples may have originally been 

designed for earth-working, but then used to process fibers after they were broken (Fig. 

3.39). 

Additional 38 water buffalo scapular tools do not exhibit soil-like wear. Ten of 

them have fiber-like wear (from either plant or hide), and the remaining 28 implements' 

functions are unknown because of missing edges, weathering, and/or the presence of 

unidentified wear.  
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Figure 3.39: Two EV-edged examples show evidence of their primary use as earth-working 
implements and secondary use as fiber-processors. 

1. Dorsal & ventral views of HMD 279 or T221(4B):248 (the red line indicates the extension of soil-derived 
striations visible to unaided eyes); 2.&3. Soil-derived wear (50x & 100x respectively) at Spot 1 of HMD 279; 
4. Soil-derived wear (50x) at Spot 2; 5. Plant-derived wear (100x) at Spot 3 of HMD 279; 6. Dorsal & ventral 
views of HMD 304 or T224(4)B:145 (red lines indicate the distribution of rounded edges produced by use); 
7&8. Soil-derived wear (50x & 100x respectively) at Spot 1 of HMD 304; 9. Soil-derived wear (100x) at Spot 
2 of HMD 304; 10. Hide-derived wear (100x) at Spot 3 of HMD 304; 11. Hide-derived polish covering soil-

derived wear (100x) at Spot 4 of HMD 304. 
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Functional identifications of spade-like implements crafted from other skeletal elements 

Besides scapulae, a couple of other osseous elements, particularly large mammalian 

ilia, are also used to craft spade-like implements. These implements are usually put into 

the same category of scapular earth-working implements and referred to as bone si 

(ZPICHA 2003a). To verify these implements’ functions, I examined all specimens 

accessible at the Hemudu Museum and the Tianluoshan Archaeological Station, 

including eight pieces made from mammalian ilia and four from undetermined osseous 

elements (Table 3.14; Fig. 3.40). The species of the animals these elements belonged to 

are unidentified. Although most of the specimens clearly have been used, the worked 

materials are ambiguous. None of these implements show clear soil-derived wear. The 

only identified worked materials are fibers of animals and/or plants. The degrees of 

modifications of these implements vary; however, none of them were modified with as 

much sophistication as the earth-working implements crafted from water buffalo 

scapulae. Overall, it is unlikely that these implements were crafted for earth-working.
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Table 3.14: A list of spade-like implements crafted from non-scapular osseous elements at Hemudu and Tianluoshan 

Site Code Elements Weight 

(g) 

Worked 

material 

Length Edge 

angle 

Perforated? Lateral 

notches? 

Notches scored 

through? 

Hafting 

groove? 

HMD 297 Undet 78.3* n/a 15.7* Edge 

missing 

Undet y y Undet 

HMD 324 Undet 107.8* n/a 10.3* Edge 

missing 

y y n n 

HMD 329 Illium 395.2* Hide  23.1 30 y, two pairs n n n 

HMD 345 Illium 229* Hide or 

plant 

17.6* 23, 32-

40 

y n n y 

TLS 346 Undet 177.1 Plant?  21.9 Too thin 

to 

measure 

n y n y 

HMD 347 Illium 234.1* n/a 18.5* No edge y n n n 

HMD 366 Illium 270.8* n/a 19.2* Edge 

missing 

n y n In process 

TLS T301(5):17 Illium 492.6 Undet 23.1 28-48 y y y y 

TLS T306(5):SGS1 Undet 3.5* Undet 3.2 32-35 Undet Undet Undet Undet 

TLS T406(5) Illium 263.2* n/a 19.9 Edge 

missing 

n y y n 

TLS T407(6) Illium 54.8* n/a 17.1 Edge 

missing 

Undet y Undet n 

TLS T103(8):10 Illium 222.6* Hide 21.8 16-24 y y y y 
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Figure 3.40: Examples of spade-like implements crafted from non-scapular osseous 
elements. 

 

Conclusion 

Water buffalo scapulae were preferred for crafting earth-working implements, with 

a few examples having been made from deer scapulae for light tasks such as relocating 

soil. Because the most desirable raw materials were in short supply, such implements 

were typically used until their lengths were reduced to non-functional dimensions. 

Sometimes the implements' hafting elements were readjusted to maximize their residual 

use-lives. Broken implements with significant residual use-lives continued to be used for 

earth-working if the remaining morphology allowed, or else recycled for other purposes 

including fiber processing. Alternatively, portions might be cut off broken implements, 

reshaped, and used for a variety of purposes. 

The scapulae of deer reflect a broader range of uses than those of water buffalo and 

their morphologies are less consistent. In general, they show greater flexibility of 

morphological design, although they are less modified than the water buffalo scapulae. 

Use-wear observable on deer scapulae suggests multiple functions for these implements. 

Although use-wear traces on many deer scapular implements remain unidentified, one of 

the most common uses for these implements seems to have been for fiber processing. The 
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two-pronged edges were likely created to process fibers, although implements intended 

for other uses could join this group if their broken edges happened to become two-

pronged.  

Spade-like implements crafted from non-scapular osseous elements show similar 

levels of flexibility in design to deer scapular implements. They may not have been earth-

working implements.  

Summary 

 

Small digging sticks and spades of wood and bone are present in the archaeological 

record of the Neolithic Ningshao Plain, among which bone spades are most common. I 

used information from ethnographic and mythological documents and experimental 

results to evaluate these implements’ functionality as earth-working implements and to 

identify their use contexts.  

Wooden digging sticks and spades of various raw materials can serve earth-

working needs in different soil substrates. The wooden sticks found in Hemudu Cultural 

sites are small, medium-hard wooden sticks without footrests or fire-hardened tips. Such 

sticks could have been used for light earth-working tasks only. Because of their narrow 

edges, sticks could not be used for removing soils or for tillage.  

Although they look simple, digging sticks, especially the large ones for heavy tasks, 

could have been costly to make and required consistent maintenance and replacement. 

Limited functionality for wetland agriculture and soil removal as well as relatively high 

cost in manufacture could have been some of the reasons why digging sticks were not 

commonly manufactured or used on the Ningshao Plain. However, the technique of large, 
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heavy “digging sticks” may have been popularly employed by pounding pointed wooden 

poles directly into hard ground of the Xiashu Loessland, especially during the Kuahuqiao 

and Late Hemudu cultural periods. 

The needs of wetland tillage triggered the invention of wide-bladed earth-working 

implements in the latest stage of the Kuahuqiao culture (7,200-7,000 BP). However, the 

invention of wide-bladed agricultural tools did not result in higher consumption of rice; 

rather, this technology was invented under circumstances in which rice consumption 

consistently decreased proportionally in the overall plant subsistence spectrum (Chapter 

2). This decrease in overall rice production may have resulted from a corollary decrease 

in the area of freshwater wetlands suitable for cultivation (Pan 2011:269; ZPICHA and 

XM 2004). The invention of wide-bladed implements for tillage may indicate but one of 

the strategies (e.g., burning and manuring and intensified use of forest edge resources; see 

Innes et al. 2009; Pan 2011:269; Zong et al. 2007) that were employed to ensure an 

adequate subsistence base in a less desirable environment by enhancing productivity on 

diminishing cultivable land. In such a situation, wide-bladed earth-working tools may 

have become necessary, because digging sticks are not suitable for tillage in swampy 

areas.  

Wooden spades could penetrate soft wetland ground, remove soils, and till rice 

fields effectively and efficiently on the Neolithic Ningshao Plain. However, their edges 

became frayed quickly when used as ground-penetrating tools. Ideally, they would be 

used only for soil removal.   

Stone earth-working implements, most likely stone yues and shouldered 

implements, were popularly used by the Majiabang-Songze and Liangzhu populations. 
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They could have functioned well on the Neolithic Ningshao Plain. However, stone spades 

were not used here until the latest stage of the Early Hemudu culture or the beginning of 

the Late Hemudu culture under the influence of the Majiabang-Songze cultures.  

Bone spades crafted from wild water buffalo scapulae were the major earth-

working implements used by the indigenous peoples of the Ningshao Plain, from the 

latest stage of Kuahuqiao to Early Hemudu cultures (7,200-6,000 BP). The results of my 

use-wear analyses, along with experimental and ethnographic evidence, suggest that these 

scapular implements were used in both agricultural and construction contexts, although 

more commonly in the former. When used in construction contexts, they might have been 

used for lighter tasks, including relocating loosened soil and breaking ground when the 

soil was moist and soft, given the limitations of their functional feasibility and material 

durability. Because of the challenge in penetrating ground in the construction contexts, 

sophisticated hafting designs were created on these scapular earth-working implements to 

ensure tight handle fastening. The tradeoff of the safe hafting designs affected the 

toughness of the overall implements, resulting in specific breakage patterns of these tools.  

The scapular earth-working implements were typically used, remodified, and 

reused to exhaust their potential use-lives as earth-working implements. Broken 

implements with significant residual use-lives but no longer suitable for earth-working 

would have been recycled for other purposes, including fiber processing. These 

phenomena indicate that the raw materials were treasures to the owners, perhaps because 

of short supplies of raw materials.  

After all the above discussion of the functionality of all potential earth-working 

candidates, the questions I asked at the beginning of this dissertation are reinforced: what 
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were the benefits of using bone (scapular) earth-working implements and why were stone 

earth-working implements not adopted sooner on the Ningshao Plain? In the next two 

chapters, I further explore these questions by comparing the advantages and 

disadvantages of bone and stone as raw materials for crafting earth-working implements 

(Chapter 4) and as end products in operation (Chapter 5). 
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CHAPTER 4. MANUFACTURING COSTS AND PRODUCTION PATTERNS OF 

SCAPULAR SPADES AND THEIR STONE COUNTERPARTS 

Stone was more widely used than bone as a raw material for crafting earth-working 

implements in pre-industrial societies. However, 8,000-6,000 years ago, few stone spades 

were employed for earth-working on the Ningshao Plain; stone spades replaced bone 

spades after 6,000 years ago (Chapters 2 and 3). To understand the trade-offs in decisions 

about which earth-working technologies to use, we need to investigate the behavioral 

contexts in which the spades were deployed, the costs of tools crafted from the two 

materials, and how well they performed in comparison with one another. Chapter 3 

focused on use contexts and Chapter 5 will discuss functional outputs; this chapter deals 

only with inputs, focusing on the time and energy required for actual artifact production 

as well as skill development in crafting both bone and stone earth-working implements.  

To compare bone and stone manufacturing technologies, I conducted replicative 

experiments to compare two principal components of any technology: knowledge and 

know-how. Knowledge is an integral part of a “recipe for action”; it is usually abstract 

and theoretical and can be learned through reading, observing others at work, and/or 

formalized teaching (Apel 2008). Know-how, on the other hand, refers to routinized 

motor patterns, the physical ability to use knowledge effectively and readily in 

performance; it is a form of muscle memory that must be learned by the body as well as 

the mind through practice/repetition, and it takes time and ability to develop (Apel 2001, 

2008; Pelegrin 1990; Roux and Bril 2005). 

The goals of my experiments were to: (1) attain empirical knowledge of the 

manufacturing techniques and procedures applied by the study communities, allowing me 

to (2) evaluate the levels of know-how, i.e., how difficult it would have been to develop 
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adequate levels of skill; (3) evaluate the manufacturing costs, i.e., labor and time 

investment involved in the actual production procedure of both bone and stone earth-

working implements, (4) investigate the underlying cultural learning systems inherent in 

the production of both bone and stone earth-working implements, and (5) predict which 

raw material would be preferred for crafting earth-working implements given certain 

specific constraints in the Neolithic. 

The production of bone and stone tools involves reductive processes, i.e., tools are 

formed through the removal of material (as opposed to an additive and transformational 

procedure such as the production of ceramics). Elaborate tools of either bone or stone 

often bear manufacturing traces from the final stage (which is usually grinding), with 

traces of previous manufacturing actions wholly or partially obscured (Olsen 1984). This 

palimpsest-like scenario makes the reconstruction of ancient bone and stone artifact 

manufacturing procedures based solely on archaeological evidence difficult. Therefore, 

experimental and ethnographic data are just as important as archaeological information. 

The best approach is to articulate all lines of evidence into a common interpretation. 

Scholars tend to believe that groundstone tool and bone tool manufacture required 

very little skill and could be done by nearly anyone (e.g., Cunnar 2007; Dickson 1981:40; 

Zhai 2012:88). This assumption is based on the fact that experimenters with relatively 

little knowledge and experience have succeeded in making simple groundstone tools and 

bone tools. With grinding, one can shape raw material into any form or dimension and 

even conceal some irregularities left over from previous manufacturing stages (such as 

flaking and pecking for groundstone tools and sawing and carving for bone tools), which 
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makes the skill and knowledge used in traditionally made groundstone tools and bone 

tools almost invisible.  

Manufacture of almost any sort, however, requires a wealth of technological 

knowledge and skill. Here, I will discuss: (1) raw material selection, (2) manufacturing 

techniques, and (3) management of manufacturing procedure. Suitable raw materials have 

mechanical properties that fulfill functional needs and characteristics of desired tool 

design (Margaris 2006; Scheinsohn and Ferretti 1995; Stout 2002:696; Webb et al. 2007). 

Therefore, selecting the right raw materials is as important as employing proper 

manufacturing techniques and managing the manufacturing process.  

Substantial knowledge of groundstone and bone manufacturing technologies has 

been accumulated through scientific research. However, because significant information 

is still missing, this study moves recursively between reading archaeological data and 

learning by trial and error to gain both information and experience. Manufacturing 

experiments were conducted over a total of four weeks in China during May 2007, 

November 2010, and December 2011. Three adept farmers who have worked closely 

with archaeologists for years carried out the experiments under my direct supervision. 

The processes were documented by video and photographs. Time consumption was 

always measured, as was labor intensity, with the help of a Polar RS800CX monitor that 

measured and converted heart rates to caloric consumption (see Chapter 5). 

Replicating bone spades 

Previous knowledge 

Animal species, age, and skeletal elements represent three significant criteria for 

bone raw material selection (Choyke 1997; Stone 2011). Species selection is most 
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significant regarding general size categories. Age was also an important criterion because 

it affects both size and robustness of individual bones. Selection of skeletal parts results 

in a natural form that requires minimum shaping to match characteristics of design and 

that possesses intrinsic mechanical properties that match functional needs. Researchers 

usually assume that acquisition and selection of bone as a raw material was embedded 

within subsistence practices (Stone 2011:35).  

Horn cores, ilia, and scapulae are skeletal elements with suitable morphologies for 

crafting wide-bladed earth-working tools, and they were indeed used in many 

preindustrial societies. Scapulae were most widely used because of their ideal thickness 

and high ratio of compact bone, which grant them better balance between earth-

penetrating ability and durability--the ability to absorb larger amounts of energy without 

breakage. Among the animals that most Neolithic populations in the study area exploited 

(deer, water buffalo, and pigs), water buffalo provided the largest, most robust scapulae. 

Their bones are more durable than those of other animals once they are made into tools, 

though they are also more difficult to work with as raw material.  

The biological origin of bones makes them susceptible to physical and chemical 

changes that can occur over the span of days, months, or years (Margaris 2006). Many 

researchers have noted that it is significantly easier, safer (in terms of the lower risk of 

breakage), and less time-consuming to work fresh than dry bone (e.g., Campana 1989; 

Griffitts 2006; Margaris 2006; Steinbring 1966:579; Stone 2011). This is because fresh 

bone retains a cohesive collagen structure that affects its response to force, while dry 

bone is less plastic and more friable. Although it is not strictly necessary to work bone 

when fresh (Stone 2011), the timing of manufacture is still an important factor to think 
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about when dealing with bone tools. The manufacturing process could be managed to 

coincide with the highest moisture condition of bones, although this may have been 

difficult in the case I study (see below). However, tool maintenance and repair activities 

would, in aggregate, have been conducted on materials that were less fresh than materials 

used for manufacture.  

Most research on prehistoric bone tool manufacturing technologies has been 

conducted with ungulate long bones because they dominate the raw material components 

of most prehistoric bone industries (e.g., Campana 1989; Griffitts 2006; Knecht 1993; 

LeMoine and Darwent 1998; Margaris 2006; Newcomer 1974; Olsen 1979, 1980; Stone 

2011). Among the techniques employed in the past for working bone, three were most 

common: (1) the groove-and-splinter technique for creating tool blanks, (2) the saw-and-

snap method for removing unwanted end portions or sectioning them transversely, and 

(3) abrading techniques for creating and maintaining the final contours of tool 

components (Margaris 2006). With these techniques, a blank can be precisely extracted 

from any bone to maximize the use of the piece. In addition to the three above 

techniques, drilling (Campana 1989; Olsen 1984) and chiseling (Tong 1989) have been 

suggested as means of perforation. These techniques leave diagnostic traces on artifacts 

(Campana 1987, 1989; LeMoine 1991; Newcomer 1974; Olsen 1988) and/or create 

relatively large waste products that are recognizable in the archaeological record. These 

techniques were apparently employed in the production of most bone tools in the 

Hemudu culture. However, little evidence indicates that they were also applied to 

scapular tool manufacture. The manufacturing techniques for scapular tools differ greatly 
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from those for other tool types (see below) because of the difference in physical 

properties of the skeletal elements.  

Scapulae lack cylindrical shafts but have large ossifiable epiphyses and thick 

compact bone. Because they combine characteristics of both long bones and flat bones, 

scapulae require different manufacturing techniques than are commonly used for long-

bone material. Using a hafted adze followed by a fine-grained sandstone abrader, Steppan 

(2001) successfully replicated a cattle scapular tool with manufacturing traces resembling 

those found on Neolithic specimens from Germany. LeMoine (1997:34) found that 

percussion with a hammerstone and an anvil was much faster than cutting with an adze to 

remove the scapular spine. Scapular “hoes” used ethnohistorically on the Northern Plains 

of the U.S. show manufacturing traces of cutting, chopping, and breaking, along with 

indentations (Ahler and Falk 2003; Griffitts 2006:431) left by a stone punch and/or metal 

tools. My experiments yielded similar results, although the tool-kit excluded metal 

components (see below). 

In addition to general manufacturing techniques, researchers have observed that 

soaking in water improves the workability of dry bones, even though water only enters 

the outermost millimeter or so of the hard tissue, leaving the interior unaltered (Margaris 

2006). Therefore, repeated soaking may have been used to penetrate successively deeper 

layers.  

Water has also been suggested as a critical agent in the manufacturing process to 

lubricate working surfaces of abraders so as to ease the work and to free surfaces from 

detritus (Margaris 2006; Stone 2011), but my experimental results indicate otherwise (see 

below). Watts (1999:64) suggests that it is easiest to produce blanks from fresh bone, but 
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that final shaping through abrading or scraping is best done when the bone has partially 

dried (Watts 1999; Wescott and Holladay 1999). Other researchers have evaluated the 

effect of drying on bone's workability differently. Sedlin (1965) proposed that as little as 

five days of air-drying significantly increased cortical bone's stiffness in laboratory tests, 

whereas Margaris (2006:113) claims that it took more than 30 days of air-drying in 

indoor conditions to significantly change the workability of bone. 

New archaeological observations, experiments, and results 

Functional analyses found that scapular earth-working implements from the 

Hemudu cultures were crafted almost exclusively from water buffalo scapulae with 

sophisticated modifications for hafting (Chapter 3). The hafting design includes a hafting 

groove on the ventral face with two perforations and notches on the lateral sides of the 

scapular neck, which are usually scored through transversely. Occasionally, transverse or 

oblique lines were also incised into the sides of the implements to provide friction for 

tighter, more reliable fastening (Chapter 3). 

Besides raw material acquisition (see below), the labor and time investment for 

crafting this kind of Hemudu scapular earth-working implements includes the following 

steps: (1) flattening the articulating end of the scapulae, notching the sides of the neck, 

and transversely scoring it, in preparation for the handle; (2) removing the acromion 

spine on the dorsal face and part of the posterior border which runs alongside the 

acromion spine; (3) incising a groove on the ventral face; (4) perforating two holes in the 

groove, and (5) removing the proximal end of the bone and sharpening the edge.  

 



 

198 

 

 

Figure 4.1: Annotated photos showing the manufacturing procedure of a Hemudu scapular 
earth-working implement with the example of experimental implement #6014. 

The numbers in red indicate the main manufacturing steps in the best manufacturing sequence: 1. removing the spine; 

2. removing the proximal end and part of the posterior border; 3. notching the sides of the neck; 4. flattening the 

articulation; 5. crafting the hafting groove; 6. perforating; 7. scoring through the notches; 8. sharpening the edge; 9. 

flattening the remaining spine. Details below. 

 

Not all these modifications are necessary to meet functional needs and/or provide 

ease of manufacture. It is absolutely necessary to remove the acromion spine, part of the 

posterior border, and the proximal end, and to sharpen the edge. Removing the spine 

leaves a fairly smooth flat dorsal face and significantly decreases the amount of 

resistance the implement encounters when penetrating soil. Removing the proximal end 

of a water buffalo scapula serves to get rid of spongy, weak, bulky, uneven, and curved 

bones, and doing so reveals a thin, solid, hard core bone border that is perfect for 

sharpening into a fine working edge. Removing the proximal end, along with the 
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posterior border, also narrows the edge (as it gets closer to the glenoid fossa the width of 

the blade becomes smaller) and thus concentrates force when penetrating soil. All tools 

were sharpened unifacially along the entire length of the working edges.  

Flattening the articulating end of the scapula, notching the sides of the neck, and 

transversely scoring it are helpful but not necessary for hafting purposes. Deep notches 

on the sides hold lashing well, but much shallower notches seem to work just as well and 

save a great deal of effort in manufacturing. In fact, deep notches that were transversely 

scored through significantly weakened the scapular neck and caused breakage patterns 

observed in the archaeological collection (Chapter 3). Some of the samples from the 

Hemudu culture also show unscored necks (e.g., HMD 278, 295, 316): they usually have 

shallow notches; occasionally, even when the sides were removed to the degree that the 

cancellous internal structure of the neck was largely exposed, it was unscored or only 

scored half way through (e.g., HMD304, 341, and 359). These unscored examples may 

indicate a strategic design process resulting in the decision to reject the traditional style.  

A hafting groove with two perforations is very helpful for hafting when combined 

with notches on the sides. However, combining so many design elements is not the only 

way to accomplish this task. In fact, with this technique a significant amount of the 

cortical portion of the bone is removed, weakening the implement. Matching 

modification of the haft is also required.  

Alternatively, a socket at the center of the glenoid or an opening in the medial side 

of the column elongated toward the glenoid would work (Chapter 3), and they 

presumably require cost less time and labor to manufacture than the very sophisticated 

groove-perforation-scored notch design, given that less hard (cortical) material needs to 
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be removed. In fact, this design was more commonly employed across cultures and 

regions (Chapter 3). Compared to the Hemudu hafting modifications, these simpler 

designs fastened the blades to the handles less securely; however, the Hemudu variants 

apparently went too far: they “overdesigned” the tight fastening elements, which may 

have required much more effort and time than necessary while effectively weakening the 

implements (Chapter 3). Besides the need for a tight joint, the presence of “advanced” 

ground stone adzes, axes, and chisels might have also encouraged the production of these 

overly sophisticated scapular tools (Chapter 3). 

Raw material selection and procurement 

My samples included 1) about half of all scapular tools (93 out of 194) collected 

from the Hemudu site in the 1970s, 2) 90% of the scapular tools and all of the unmodified 

scapulae collected from the Kuahuqiao site since 2004 (ZPICHA and XM 2004), i.e., 24 

scapular tools and 90 unmodified scapulae, and 3) 95% of the scapular tools and all of the 

unmodified scapulae excavated from the Tianluoshan site between 2004 and December 

2011, i.e., 62 scapular tools and 701 unmodified scapulae (Table 4.1). 

I was able to identify the taxonomic origin of many scapular tools. Deer (Cervidae) 

and bovids (Bovidae) were the principal sources; occasionally, scapulae sourced from 

members of the Ursidae and Carnivora were also used. Of the then local fauna (Wei et al. 

1990; Zhang et al. 2011; ZPICHA and XM 2004), cervids Elaphurus davidianus and 

Cervus unicolor were the sources of scapulae crafted into tools at Hemudu and 

Tianluoshan, and deer Cervus univolor and Cervus Nippon provided the scapulae used at 

Kuahuqiao. Bubalus sp., probably B. mephistopheles, was the bovid whose scapulae were 

crafted into tools at these three sites. For simplicity's sake, I use the common names of 
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these animals, such as “deer” and “water buffalo,” in my discussion below. Details of 

source animals of the scapular tools from Kuahuqiao, Hemudu, and Tianluoshan are 

listed in Table 4.1. 

 

Table 4.1: Numbers of specimens examined 

Location Tool Water 

buffalo 

Deer Bear Carnivore Undet. Unmodified 

scapulae 

KHQ Museum 24 2 16 0 1 5 90 

HMD Museum 93 63 20 2 0 8 0 

TLS 62 15 16 0 0 31 701 
Note: the "undet" (undetermined) source animals are still mostly deer and water buffalo, but they cannot be named as 

one or another because their diagnostic portions are missing. 
 

Scapular tools identified as earth-working implements through use-wear analysis 

were almost exclusively made from water buffalo bones, while scapular tools made from 

other animals, mostly deer, were used for other purposes (Chapter 3). 

The results of functional experiments indicate earth-working in the habitation area 

of Hemudu culture sites could wear down bone implements relatively quickly. Even soils 

in the rice fields may not have been very soft, thus requiring the earth-working 

implements to absorb a great deal of energy (Chapter 5). This explains why water buffalo 

scapulae were preferred over those of deer: the former are much larger and more robust 

than the latter so they could survived longer in dealing with the same soil types. Even 

within the sample of water buffalo scapulae, dimensions and robustness vary, depending 

on factors such as the animal's age, sex, condition, and how active the animal was; 

therefore, there were presumably preferences for “better” scapulae. Most scapular earth-

working tools were made from fully-fused elements derived from adult animals over two 

years old (and probably older), according to my modern cattle data. To quantify the 

potential selection criteria of dimension and robustness, I measured the SLC, i.e., the 
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width of the scapular neck, and ranked the level of rugosity of the scapular necks (as I-V, 

with I representing the smoothest and V the most rugose), given that these are the only 

morphological features indicating dimensions and robustness that survived the tool-

manufacturing process on archaeological specimens.  

As Figure 4.2 shows, the most robust scapulae dominate the archaeological 

scapular tool assemblage: of 63 water buffalo scapular tools, 60% are made from the 

most robust scapulae with a rugosity rank of V, 25% from slightly less robust individuals 

ranked as IV, and only 15% with rugosity levels of I to III combined.  

 

 

Figure 4.2: Frequencies of the rugosity levels (I-V) of the necks of scapulae fabricated into 
earth-working implements (N = 63) at Tianluoshan and Hemudu. 

 

The distribution of the SLC values also indicates that large pieces dominate the 

scapular tool assemblage (Fig. 4.3). The SLC values of 96 scapulae of modern 

domesticated cattle, aged two to over 20 years, range from 3.5 to 7.3 cm (median and 

mean both = 5.6 cm, SD = 0.84). Compared to the modern scapula collection, the 

archaeological assemblage is significantly biased toward larger scapulae (N = 51, median 

= 6.6 cm, mean = 6.4, SD = 0.65). Eighty-four percent of the assemblage is larger than 6 

centimeters and the minimum SLC value is 4.6 cm; one centimeter larger than that of 

modern adult cattle. 
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Figure 4.3: Frequencies of the SLC values (centimeters) of the necks of scapulae 
fabricated into earth-working implements (N = 51). 

 

Statistically, modern Chinese cattle scapulae of known ages suggest that SLC and 

rugosity levels are both related to the age of the animal; SLC and age have a strong linear 

correlation (Fig. 4.4).  

 

 
Figure 4.4: Linear fit of age by SLC (Age = -27.80443 + 6.3943333*SLC, r2 = .63, p < .0001, N 

= 37). 

 

Applying the equation of this linear correlation to scapular tools with intact 

portions where the SLC values are measured, the ages of the water buffalo whose 

scapulae were fabricated into earth-working implements were estimated (Fig. 4.5). 
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Eighty-seven percent of the animals were over ten years old and only 4% were younger 

than four years, with a mean of 13, a median of 14, the youngest 1.7, and the oldest over 

20 years.  

 

 

Figure 4.5: Estimated ages of Neolithic water buffalo at Kuahuqiao, Tianluoshan, and 
Hemudu whose scapulae were fabricated into earth-working implements based on the SLC 

values (N = 51). 

 

The estimated age range based on rugosity levels is similar. The modern 

assemblage indicates that scapulae with rugosity levels of IV-V derive exclusively from 

individuals older than ten years, and 52.9% of scapulae with rugosity levels of I, II, or III 

are from individuals younger than four years (Table 4.2). In the archaeological 

assemblage, 85% of the scapular implements' rugosity levels are IV or V (Fig. 4.2), 

suggesting at least 85% of the population was older than ten years. Fifteen percent of the 

population exhibits rugosity levels of I-III, suggesting that, at most, only 8% of the 

population of animals whose scapulae were turned into tools might have been younger 

than four years. 
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Table 4.2: Relations between age ranges and rugosity levels of modern water buffalo 
scapulae (count = 31) 

Rugosity 

level 

Count Median Mean Min. Max. SD > 10yr % < 4yr % 

V 6 18 18 10 22 4.46 100 0 

IV 8 14 15 12 20 2.78 100 0 

III 7 6 7 4 20 5.76 14.3 42.9 

II 6 5 6 2 14 4.56 16.7 33.3 

I 4 2 2 2 2 0 0 100 

 

Although rugosity levels and SLC values of modern cattle scapulae independently 

pointed to animals of ten years and older as preferred for scapular raw material, the actual 

preferred age range might be a bit wider, given the differences between the two 

comparative populations (wild Neolithic water buffalo vs. modern domesticated cattle) 

and the shortcomings of my modern collection (e.g., uneven sex distribution: most 

individuals younger than four or older than 20 years are males, 10- to 20-year-olds are 

exclusively females). Nonetheless, it is still safe to conclude that a strong preference for 

the scapulae of older individuals, i.e., late in their prime and old individuals, was present.  

Interestingly, this age structure conflicts with the mortality patterns observed in the 

archaeological faunal assemblages. Research on mortality patterns of water buffalo at 

Kuahuqiao and Hemudu, based on bone fusion and tooth eruption and wear sequences, 

shows prime-dominated age structures at both sites, with approximately 70% prime-age 

adult individuals (three to ten years old) and less than 10% individuals older than ten 

years (Liu et al. 2004). According to Stiner (1990), prime-dominant age structures 

usually indicate well-controlled hunting, though it could also come from control of herds. 

Although the Hemudu water buffalo were commonly assumed to have been domesticated 

(e.g., Han 1988; Wei et al. 1990), the results of recent research based on DNA and 

morphological comparisons along with mortality patterns suggest that all Neolithic faunal 
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remains of water buffalo in China, including those in the Hemudu culture, may have been 

wild (Liu et al. 2006). 

There is no doubt that some water buffalo scapulae were brought back to Neolithic 

communities as an added benefit of meat acquisition through hunting. However, 

exhaustive examination of scapula remains from the Kuahuqiao and Tianluoshan 

assemblages suggests that water buffalo hunting in itself did not structure raw material 

choice. People strongly preferred the scapulae of older animals, even if they were 

uncommon in the hunted herds. At Kuahuqiao, wild water buffalo was a principal meat 

resource, paralleling deer consumption (ZPICHA and XM 2004:264). At Hemudu culture 

sites, water buffalo were also included in subsistence, although they were consumed less 

often than deer and pigs (Wei et al. 1990; Zhang et al. 2011). Although many adult water 

buffalo bones were found at the Kuahuqiao and Tianluoshan sites (ZPICHA and XM 

2004; Wei et al. 1990; Zhang et al. 2011), fused water buffalo scapulae are almost absent 

in the unmodified faunal collections. No fused water buffalo scapulae were found among 

86 species-identified scapulae from Kuahuqiao, and only one fragment (a proximal end, 

T205(4)), out of 690 species-identified scapulae and scapula fragments from 

Tianluoshan, was identified as water buffalo. In contrast, relatively intact and 

fragmentary scapulae of other mammals, such as pig (both wild and domesticated) and 

various sizes of deer (as small as Muntiacus reevesi and as big as Elaphurus davidianus 

and Cervus unicolor, along with other cervids of intermediate sizes), are plentiful at both 

sites. Jointly, this suggests that fused water buffalo scapulae are absent from the faunal 

assemblages because they were transformed into tools. This pattern indicates a short 

supply of the most desirable raw materials, which was likely complemented by collecting 
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scapulae from animals that died from other causes. Overall, raw material procurement for 

scapular earth-working implements must have been a continuous effort undertaken by 

whole communities in the Chinese Neolithic.  

The preference for water buffalo scapulae as a raw material for crafting earth-

working implements, even when they had become less available, also indicates that this 

behavior had become a strong and conservative tradition. Such phenomena are not 

uncommon in the choice of raw bone material, especially for well planned bone tools 

(Choyke 1997:67). The production of such well-planed, multiple-stage bone tools is 

usually guided and constrained by cultural traditions and practice, and those tools were 

likely to be curated, repaired, and reworked (Stone 2011). 

Because the procurement of wild water buffalo scapulae could have been difficult 

and problematic, rights of access to the scapulae could have played roles in developing 

privilege. For example, the person who hunted and/or killed the wild water buffalo might 

have better access to the raw material and could therefore socially benefit from having 

those raw materials. Interestingly, this does not seem to have been the case in the 

Hemudu culture, where the society appears to have been egalitarian (Chapter 2). 

Determining Neolithic scapular implement manufacturing techniques and costs 

To reconstruct Neolithic “recipes for action” in the manufacture of scapular 

implements, I examined all faunal remains larger than 2 cm at Tianluoshan to look for 

debris from scapular tool production. However, I failed to identify any conclusive 

specimens. Fortunately, many scapular tools bear relatively clear, diagnostic 

manufacturing traces and replication experiments were conducted to test potential 

manufacturing techniques. 
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A wide range of techniques were known to Hemudu's Neolithic populations. We 

tried burning, sawing, graving, or cutting with flint flakes, gouging with hafted 

groundstone chisels assisted by hammerstones, and cutting with hafted groundstone axes 

assisted by hammerstones, in order to determine Neolithic manufacturing approaches. 

Both dry and fresh bones were used in my experiments in an attempt to compare their 

relative workability. Here, “fresh bones” refers to those that had been removed from the 

animal within four days of death and “dry bones” refers to those that had been air-dried 

outdoors, under a shelter, for three to five months (from late summer to early winter) in 

Luoyang, Henan province, a semi-arid environment in central China. As mentioned 

above, to craft a Hemudu-style scapular earth-working implement, one needed to incise 

deep notches on both sides of the neck and transversely score through it, gouge a groove 

on the medial side, remove the spine and the proximal end, sharpen the edge, and remove 

many projecting portions (Fig. 4.1). Dozens of my experiments revealed that the best 

manufacturing sequence to follow, in terms of convenience and avoiding breakage, 

entails the following steps: 1) removing the spine and proximal end; 2) notching the 

scapular neck and flattening the interior side of the articulation; 3) gouging the groove; 4) 

perforating; 5) socketing through notches across the neck; 6) sharpening the edge; and 7) 

flattening the retaining spine. In most steps of my experiments, the scapula was marked 

with drawn lines and/or incised lines with a hafted groundstone chisel assisted with a 

hammerstone to help control the contour of the tool and also propagation of fractures. 

Below, I describe the manufacturing techniques step by step.  
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1. Spine removal 

Most manufacturing traces retained on the archaeological samples are from 

grinding. Cutting traces are commonly found, especially on the hard portions of the bone 

(e.g., the root of the acromion process). My experiments showed that applying abrading 

techniques alone to remove the whole spine required too much time (70 minutes for a dry 

piece abraded with coarse-grained sandstone) compared to other techniques. Using the 

saw-and-snap technique to roughly remove the spine prior to flattening the remaining 

bone by grinding took much less time (10-13 minutes for rough removal according to 

four “saw-and-snap” experiments and another 12-25 minutes of grinding to flatten the 

remaining bone, based on two experiments). However, my experiments also showed that 

the process of sawing a guide line was unnecessary for removing the spine. Although the 

guide lines might have helped control the propagation of fractures, the subsequent snap 

assisted with a hammerstone or a hafted axe did not actually follow the incised lines. 

Skipping the sawing process and using a hammerstone to smash the spine little by little 

was very efficient and unlikely to damage the bone (Fig. 4.6).  

 

Figure 4.6: The most effective and efficient way to remove scapular spines: smashing the 
bone little by little with a hammerstone. 

1. The approach; 2. The outcome. 
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Twelve experiments on both fresh and dry bones demonstrated that it took only 1.1 

to 2.7 minutes to roughly remove the spine. The trick is to position the unwanted parts 

evenly on a hard anvil, for example, a block of stone, and to smash the material little by 

little instead of in big pieces so as to control the propagation of breakage. The process of 

smashing produced small pieces of debris that would be very difficult if not impossible to 

distinguish from regular fragmentary faunal remains (Fig. 4.7). After the spines were 

roughly removed, the remaining bone could be flattened and smoothed by abrading. This 

final process took less than 25 minutes under experimental conditions (Table 4.3). When 

abrading the root of the spine on a slab to flatten it thoroughly, part of the anterior border 

of the scapula unavoidably contacted the abrading medium and was flattened as well. 

This phenomenon of unintended modification was evident on many archaeological 

samples (e.g., Fig. 4.8), the anterior borders of which ground to an extent that the 

cancellous internal structure was exposed, confirming that relatively large grinding slabs 

were used. 

 

 

Figure 4.7: Samples of debris from manufacturing experiments in removing scapular 
spines and proximal ends by smashing. 

Most debris looked similar to ordinary fragmentary faunal remains. 
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Figure 4.8: Archaeological observation of both the root of the scapular spine and the 
anterior border of the scapula when flattened. 

Experimental results show that flattening the scapular border could have been an unintended modification of 
flattening the root of the scapular spine with abrading slabs. The red circles indicate the unintentionally 

flattened areas. 

 

2. Proximal end removal 

Because manufacturing marks of proximal end removal were obscured by edge 

sharpening on every archaeological scapular tool examined, and because the 

archaeological assemblages lack unfinished products, there is no direct evidence of how 

the proximal ends were removed. I tried a range of techniques in my experiments to 

determine which were the most effective. Two experiments, one on fresh and one on dry 

bone, showed that burning was too time-consuming (it took 1-1.5 hours to remove 8 cm 

from the proximal end) and it dried out the bone, making it brittle and subject to cracking. 

Similar to what was found in experiments on spine removal, the saw-and-snap technique 

was less efficient and economical (in terms of tooling cost, i.e., consumption of tools) 

than the very simple smashing technique for removing the proximal ends. Using the saw-

and-snap technique, it took 22 minutes to remove the proximal end from each of two dry 
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scapulae, although one of the snapped edges did not follow the sawn guide line. In 

contrast, it took only 4-5.3 minutes to accomplish the same task by smashing in three 

experiments. An additional experiment on a fresh scapula demonstrated that it took much 

longer, 23 minutes, to remove the proximal end with the smashing technique. It is 

possible that using the saw-and-snap technique might be more efficient on fresh bones; 

however, this needs further experimental testing. Overall, it is safe to conclude that the 

process of removing the proximal end takes only minutes when proper techniques are 

applied to the right materials, either dry or wet.  

3. Notches 

The most common traces left on the archaeological notches are from cutting. Some 

specimens show traces of grinding/sawing with coarse- or medium-grained media 

combined with cutting traces. Grinding/sawing striations usually are present at the two 

ends of the notches with cutting traces in between, suggesting that grinding/sawing 

techniques might have been used to create guide lines to help control the propagation of 

fracture. Grinding appears alone on a few notches. Applying grinding to regulate the 

surface, either solely or after cutting, could have resulted in the same appearance (Fig. 

4.9).  

Using a medium-grained tabular tuff and a piece of medium-grained sandstone with 

a sharp edge, separately, to grind off material from the neck of a fresh scapula was shown 

to be very inefficient. For example, forty-one minutes of grinding with the sandstone only 

created three deep engraved lines on the neck. However, the sizes of manufacturing 

striations are similar to those on the archaeological samples, indicating that this technique 
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might have been applied because it regulates the surface and is less likely to break the 

bone (Fig. 4.10). 

 

 

Figure 4.9: Various techniques employed in crafting lateral notches on scapular necks. 
1. Cutting, the most common, shown on HMD 299; 2. Grinding/sawing at the two ends of the notches with 

cutting traces in between, less common, shown on HMD 293; 3. Grinding alone, much less common, shown 
in HMD 304; 4&5. Sawing alone (Photo#5 is a closer view of the sawing traces), with only one example, 

HMD311; this could have been a practice piece (see below). 
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Figure 4.10: Manufacturing techniques employed to craft notches and traces. 

1&2. Abrading with sandstone tabulate; 3. Sawing with a sandstone knife; 4. Cutting with a groundstone axe; 
5. Sawing traces; 6&7. Cutmarks left on the bones (dry and green) by stone axes. 

 

Using hafted groundstone axes to cut off unwanted bone mass from the necks of 

scapulae and replicate the notches on both sides was efficient. The key to succeeding in 

this process is to rest the scapula obliquely against an appropriate anvil that is neither too 

soft nor too hard; a wooden board was found to be most suitable. The edges of the axes 

became dull quickly, requiring periodic resharpening throughout the manufacturing 

process, and each episode of resharpening took several minutes. Calculating on the basis 

of eight experiments, it took 28 minutes on average (resharpening time excluded) to 

complete one pair of notches on each scapula. No differences between fresh and dry 

bones were apparent. 

Through cutting, especially when starting from the two ends of the notches to 

create guidelines to help control the propagation of fracture, the experimenter was usually 

able to produce notches accurately, although one time he accidentally cut off the portion 

around the glenoid, creating a partially missing straight side rather than a notch on the 
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side. Such misdirected cuts also happened to repeatedly among the prehistoric Hemudu 

people (Fig. 4.11). The resultant straight sides are much more fragile than regular scored 

notches because all compact bone is removed from the sides of the neck and the glenoid 

and they cannot hold lashing as well as the notches. However, a few specimens show this 

style without evidence of misdirected cuts (e.g., HMD276, 280, 363) and some others 

show an in-between style: with compact bone on the sides of the glenoid removed while 

retaining very shallow notches on the sides of the neck (e.g., HMD 291, 292, 364), and 

sometimes the shallow notches were crafted only on the ventral surface (e.g., HMD 354). 

I suspect that these samples resulted from copying errors or inter-individual differences in 

natural ability among craftspeople or simply from failings of morphological memory. No 

matter which reason best explains the variation, these variations reflect a group of 

inexperienced craftspeople. 

 

 
Figure 4.11: Examples of partially missing straight sides, resulting from misdirected cuts. 
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4. Flattening the interior side of the articulation 

Manufacturing traces left on the archaeological samples indicate that abrading was 

commonly employed to flatten this portion of the bone, with a few exceptions showing 

cutting traces. I did not try cutting because I did not want to risk breaking my raw 

material. Seven experiments with a coarse-grained sandstone slab indicated that it took 

approximately 37 minutes on average to complete this task. No significant differences 

were found between dry and fresh bones. 

5. Grooves 

The majority of manufacturing marks appearing in the grooves of the 

archaeological samples were created by chiseling, traces of which were similar to those 

on my replicated samples (e.g., Fig. 4.12). Some of the archaeological traces looked like 

“chattermarks,” closely spaced corrugations perpendicular to the direction of tool 

movement, caused by tools bouncing over uneven parts of the bone surface or tool edges 

being forced too deeply into the workpiece and forming an improperly shaped chip, as 

the bit is stressed, the bit edge bounces out of the work (Campana 1987:113; Newcomer 

1974:149; Olsen 1979:345), for example, HMD 307 and HMD 321 (Fig. 4.13). However, 

my experiments showed that whittling/shaving with flint flakes could not remove much 

material from the cortical tissue of even the freshest scapula, and the cut marks do not 

look similar to the archaeological samples. Whether or not the archaeological grooves 

were crafted exclusively by chiseling is not clear, but it must have been the main 

technique employed. My experiments indicate that chiseling is very effective (Table 4.3) 

and poses little risk of breakage, especially when dealing with fresh bones. The key to 

success was to place the scapulae on a relatively soft surface, for example, the ground, 
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that is able to accommodate the whole, irregular surface of the scapulae when they 

encounter pressure and yet still provide enough support to allow successful reduction 

from the scapulae when they were struck. Groundstone chisels used for manufacturing 

the grooves needed a strengthened, two-beveled, symmetrical bit with a relatively open 

angle to protect it from chipping (>50 degree in my experimental cases of chisels 

fabricated from fine-grained diabase): tools of the Hemudu culture have similar 

morphologies (e.g., TLST305(5):10, basalt, edge angle 42-50 degree, edge length 

1.41cm, weight 13.5 g, undetermined rock type; TLS G9(5):1, silicified siltstone, edge 

angle 50-70 degree, edge length 1.7cm, weight 79.9g; Fig. 4.14). In my pilot 

experiments, many single-beveled chisels made from fine-grained diabase broke within 

minutes, sometimes even seconds, of use. Although they succeeded in removing 

unwanted mass from scapulae, the work was frequently interrupted by edge resharpening 

and the tooling cost was extremely high. Even a correctly-shaped groundstone chisel 

became dull so quickly that it needed to be resharpened several times in the process of 

grooving one scapular tool. Each resharpening session required only several minutes; 

however, frequent resharpening significantly shortened the use lives of the groundstone 

chisels. 
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Figure 4.12: Comparison of manufacturing traces in the hafting grooves of Hemudu 
specimens to those on experimental examples created by chiseling. 

1. HMD 283 or T214(4)A:89; 2. HMD 304 or 224(4)B:145; 3. HMD 351 or T242(3)B:42; 4. Experimental 
specimen #L4b (green bone); 5. Experimental specimen #H8a (dry bone); 6&7. The manner of chiseling to 
create hafting grooves. This approach may have also been employed for perforations (see details below). 



 

219 

 

 
Figure 4.13: Two Hemudu examples of chattermarks in the hafting grooves. 

 

 

Figure 4.14: The kind of groundstone chisels needed to manufacture the grooves. 
1. Experimental specimens #L4b (the replicated scapular implement) and #7022 (the hafted chisel) used to 
craft its groove; 2. A lateral view of #7022; 3&4. Closer views of the bevel and edge of #7022; 5. A lateral 

view of a chisel found at Tianluoshan, TLST305(5):10; 6. A front view of TLST305(5):10; 7. A close view of 
the bevel and edge of TLST305(5):10; 8. A front view of another chisel found at Tianluoshan, G9(5):1; 9. A 

lateral view of G9(5):1; 7. A close view of the bevel and edge of G9(5):1. 
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6. Perforations 

Chiseling appears to have been applied to every perforation, either exclusively or in 

combination with drilling. Most archaeological samples bear traces of chiseling on the 

margins of their perforations, although they are more or less smoothed by lashing. 

Several samples also show traces of a combination of chiseling and radial actions, for 

example, HMD 282, 319, 326, 330, 331, and a refitted sample from T203(4):SGS1 and 

T303(5):15, suggesting the perforating process began by chiseling and was completed by 

radial action to expand the perforations (Fig. 4.15).  

 

 

Figure 4.15: Perforating approaches. 
1. Chiselling displayed on an archaeological example (HMD 275 or T234(4)A:50); 2. Chiseling followed by 

drilling displayed on an archaeological example refitted with TLST203(4):SGS1 and TLST303(5):15; 3. 
Chiseling traces along the margins of the perforations on experimental specimen #L4b (green bone); 4. 

Chiseling traces along the margins of the perforations on experimental specimen #H8a (dry bone); 5. The 
chiseling technique. 

 

Three experiments indicate that it took approximately 22 minutes on average to 

make two perforations by chiseling with hafted groundstone chisels. Similar to the 
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grooving process, placing the scapulae on a relatively pliant surface is the key to success. 

Lacking suitable material, I did not try using a stone borer to drill the scapulae. However, 

given my previous experience in drilling a small perforation with a flint borer in an 

equine long bone (which required 50 minutes to complete), I doubt that a combination of 

chiseling and drilling would have saved much time compared to chiseling alone. Rather, 

the benefit of drilling is that it might lower the tooling costs. Just like chiseling grooves, 

chiseling perforations required special forms of chisels (with a double-beveled, 

symmetrical bit with a relatively large acute angle) and these chisels needed to be 

resharpened frequently in the perforating process. Therefore, using a chipped stone borer 

to expand the perforations achieved by chiseling might have been a good idea, if chipped 

stone borers were easily accessible. The presence of a variety of perforating techniques 

also likely reflects multiple producers/learners. 

7. Scoring through the notches 

No archaeological traces have been found of the manufacturing technique to score 

through the notches. I employed pointed sticks expediently made from bamboo and wood 

as well as small antler tips assisted with a hammerstone (Fig. 3.16). All worked well as 

long as they were of a proper dimension in relation to the size of the socket. Two sockets 

were completed, taking about 20 minutes to complete on a fresh scapula and 32 minutes 

on a dry bone. Qualitatively, though, the experimenter reported that he felt no differences 

between working on the two pieces and that the variation in time costs indicated more 

about the tools that were used (either proper or improper dimensions) than the relative 

workability of the two bones. He estimated that with a stick of ideal dimensions, it would 

have taken less than 20 minutes to complete a socket on either bone. 
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Figure 4.16: Experiments in scoring through notches: tools and outcome.  
1. Tools: tips in a variety of materials: antler, bamboo, or wood, assisted with a hammerstone; 2. The 

outcome. 

 

8. Edge sharpening 

In the case of archaeological samples with manufacturing or resharpening traces 

not completely obscured by subsequent use-wear, working edges showed traces of 

abrasion by coarse-grained media (Fig. 17). Based on a series of four experiments, it took 

more than 30 minutes to sharpen one edge with either consolidated sandstone slabs or 

loose sand with water. 

 

 

Figure 4.17: Archaeological example of edge sharpening technique: abrasion by coarse-
grained media.  

1. HMD 292 or T222(4)B:212; 2. HMD 352 or T212(3)B:2. 

 

9. Flattening the retaining spine 

This process is discussed above in the context of “spine removal.” 
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In summary, manufacturing traces on the archaeological artifacts display some 

variations. These technical variations may reflect emulation (i.e., focusing on the 

outcomes of the manufacturing actions) rather than imitation (i.e., copying the specific 

set of actions or apprenticeship transfer of actual manufacturing techniques), indicating 

that little “teaching” was involved. The variations of manufacturing techniques also likely 

reflect multiple individuals involved in scapular tool production, who consequently, 

created more technical innovations. Some of these technical innovations might have 

come from copying errors, inter-individual differences in natural ability, or simply from 

failings of morphological memory (see below).  

Due to limitations of time, budget, and accessible materials, I did not try every 

possible manufacturing technique. However, through experiments, I found effective 

manufacturing techniques and/or techniques that left traces most similar to those found in 

the majority of archaeological observations. These data are reliable to an extent that 

allows a rough estimation of manufacturing costs. Table 4.3 presents time costs of all 

manufacturing stages with such techniques.  

The most efficient yet safe (in terms of the low risk of failure/breakage) replication 

technologies included: (1) cutting with hafted groundstone axes to produce notches on 

both sides of the bone, (2) using hafted double-beveled, symmetrical groundstone chisels 

with a hammerstone to fashion hafting grooves and perforations, (3) smashing with a 

hammerstone to remove the proximal end and acromion spine, and (4) abrading with 

coarse-grained media to sharpen the edge, smooth the surface, or reduce whatever 

portions could not be safely removed by other techniques, such as in the proximal end of 

the grooves near the glenoid. In all stages involving the action of striking, force 
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management was very important. Gentle strikes took off little material from the scapula, 

yet an overly forceful blow broke the bone. This skill of force management can only be 

attained through practice. 

 

Table 4.3: Methods, tools, and time cost (minutes) in each manufacturing stage (listed in 
order used) 

Stage Method: tools Dry 

Bone 

N. of 

exp. 

Fresh 

bone 

N. of 

exp. 

Removing spine Smashing: hammerstone and stone anvil 1.1 6 2.7 5 

Removing proximal 

end 

Smashing: hammerstone and stone anvil 4.9 3 23 1 

Notches Cutting: axes, hammerstone and wooden 

anvil 

28.4 3 28.1 5 

Flattening the groove 

end 

Grinding: coarse sand and water 37.4 4 37.7 3 

Hafting groove Chiseling: chisel and hammerstone 43.8 3 53.3 3 

Perforations Chiseling: chisel and hammerstone 30.6 3 21.8 3 

Scoring through 

notches 

Carving: antler, bamboo, and wooden 

tips 

19 1 20 1 

Sharpening edge Grinding: coarse sandstone slab  38.3 3 33 1 

Flattening spine Grinding: coarse sand and water 12.3 1 24.25 2 

Total   215.8   243.9   

 

 

Identifying the Hemudu scapular implements' pattern of production 

Several clues indicate that the production of scapular earth-working implements 

may have been carried out by self-sufficient household craftspeople rather than craft 

specialists. These clues include the presence of: (1) low standardization of final products 

reflected in morphological details regardless of similar designs, (2) diverse technical 

soluctions employed at almost every stage of scapular tool manufacture that left traces; 

(3) unequal, low to moderate levels of manufacturing skills observed on the finished 

products that were used regardless of differences in quality, and (4) very limited training 

and practice as displayed by replicated mistakes and a low number of practice pieces. 
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Technical variations in scapular implement production displayed by manufacturing 

traces are discussed above. Low product standardization, varying but generally low levels 

of manufacturing skills, and evidence of very limited training and practice are related 

phenomena that merit additional discussion. 

Although the overall style of scapular earth-working implements appears consistent 

during the Hemudu period, the actual manufacturing practice was far from standardized. 

For example, relative lengths and widths of notches and grooves and relative locations 

and distance of perforations varies (Fig. 4.18). I use CV (i.e., coefficient of variation) 

values, defined as sample standard deviation/sample mean and expressed as a percentage 

(i.e., multiplied by 100), to measure the levels of product variation as they have been 

proven to be both robust and the best statistical means for making such assessments 

(Eerkens and Bettinger 2001; Longacre 1999). Because the original dimensions of water 

buffalo scapulae vary, variations within exact dimensional measurements of 

modifications do not necessarily reflect real product variation. For this reason, CV values 

of relative measurements were used instead to assess morphological variance, for 

example, the CV value of the ratio of SLC (i.e., width of the scapular neck, the only 

original dimension that generally survives the tool-manufacturing process) to the length 

of hafting groove rather than that of the lengths of grooves themselves was used to assess 

the variant level of hafting groove lengths. As the results listed in Table 4.4 indicate, 

variant levels of relative dimensions of modifications of the scapular tools at the Hemudu 

site are relatively high, with CV values ranging 9.21-25.45% and averaging 19.07%. 

This level of product variation is close to that of English Mesolithic microliths with 

CV values ranging between 5-39% and averaging 19% (Eerkens 1997, 1998). Although 
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5-39% of CVs among microliths are interpreted as low variation (thus high 

standardization) by Eerkens (2000:667), I consider a close CV range among the Hemudu 

scapular spades an indication of high variation. 

 

 
Figure 4.18: Product variation in Hemudu scapular earth-working implements.  

1. Measurement points for analysis of product variation (illustrated with HMD 271): a. Length of notch; b. 
Width of groove; c. Length of groove; d. Distance between the glenoid and the perforations; e. SLC (width of 

scapular neck); f. Distance between perforations. 2. Examples of dimensional variations in hafting 
modifications.
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Table 4.4: Levels of product variation measured by CV (coefficient of variation) 

  Distance between 

perforations 

Distance between 

the gleniod and 

perforations 

Width of groove  Length of groove Length of notch 

SLC X̄ = 0.07, S = 0.31 

CV = 22.58, N = 39 

X̄ = 0.11, S = 0.59 

CV = 18.64, N = 33 

X̄ = 0.11, S = 0.59 

CV = 18.64, N = 35 

X̄ = 0.06, S = 0.44 

CV = 13.64, N = 28 

X̄ = 0.14, S = 0.55 

CV = 25.45, N = 28 

Width of 

groove  

X̄ = 0.11, S = 0.53 

CV = 20.75, N = 49 

X̄ = 0.08, S = 0.35 

CV = 22.86, N = 40 
 

X̄ = 0.04, S = 0.27 

CV = 14.81, N = 38 
 

Length of 

groove 
  

X̄ = 0.07, S = 0.76 

CV = 9.21, N = 40 
    

X̄ = 0.06, S = 0.25 

CV = 24, N = 31 
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As Eerkens and colleagues have pointed out, raw material and technological 

systems can significantly affect the CV values that represent either low or high variations 

(Eerkens 2000; Eerkens and Bettings 2001); for example, raw materials that are more 

difficult to control could inflate CV values (Eerkens and Bettings 2001). I propose that 

the CV range representing low product variation or high standardization among scapular 

spades should be much lower than that of microliths, but probably closer and slightly 

higher than those of pottery for the following three reasons: (1) the original dimensions 

and shapes of water buffalo scapula themselves provide a great frame of reference to the 

dimensions of reduction, (2) the dimensional range of the scapulae also provides only a 

narrow window for dimensional error of reduction, and (3) the quality of scapulae is 

easier to control and predict and thus the technologies are more amenable to adjustment 

and error minimization than shaping stone. This assumption is particularly reasonable 

given that both measurements of pots and modifications of scapular spades indicate their 

original dimensions rather than dimensions that have been altered through use and/or 

reshaped as microliths. According to Longacre (1999), pots made by highly specialized 

potters bear 2-4% of CVs, which is much lower than the CV range of scapular spade 

modifications (9.21-25.45%). Even the CV ranges of pots made by non-specialists (10.2-

13.7%) and beginners (7.2-16.5%) are lower than those of scapular spade modifications. 

Therefore, I consider the product variation among Hemudu scapular spades to be 

relatively high. 

Many factors could explain high product variation and thus low standardization 

among scapular earth-working implements. Theoretically, at least two social learning 

activities could cause high variation within an archaeological assemblage: (1) on site craft 
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training carried out by specialists or (2) crafts production undertaken by all group 

members (Bamforth and Finlay 2008: 11). It is likely that scapular earth-working 

implements were produced by many unprofessional, inexperienced people, probably 

representing self-sufficient household production. This argument is derived from the 

following two sets of evidence: (1) varying levels of manufacturing skill displayed in 

finished and used products and (2) a minimal number of manufacturing practice pieces.  

As mentioned previously, some morphological variants of these scapular 

implements were caused by failing to apply the right amount of force during the 

manufacturing process—for example, straight sides instead of hafting notches on the 

necks of implements. Other such mistakes exhibited by archaeological specimens were 

less commonly made, but the variety of errors is diverse (Fig. 4.19), suggesting that 

scapular implements in use were produced by a group of craftspeople with only low to 

moderate skill levels who were relatively inexperienced. Interestingly, many of these 

mistakes were replicated frequently, indicating that people were merely emulating 

finished products rather than learning the most effective techniques for manufacturing 

them. Although imperfect, these implements continued to be used without significant 

modification. 

Some specimens display obvious, inaccurate locations of the hafting modifications. 

Just to name a few examples (Fig. 4.19), HMD 271 retains two hafting grooves, with the 

longer one being mislocated and therefore corrected by the creation of a shorter one. 

HMD 367 has an extremely long notch on one side of the neck that was corrected by the 

addition of a shorter notch before it was completed. The compact bone on this side of the 

neck is completely removed forming a straight side instead of a notch. This is another 
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example of poorly managed force control in the notching process. The directions of 

perforations are tilted to one side. The overall quality of all modifications suggests a 

production of a naïve craftperson. However, intensive hafting wear suggests that the 

implement had been used and the missing edge segment probably resulted from use 

damage. HMD 368 has extremely deep notches on the sides and so the remaining neck is 

excessively narrow. Excessive notching of the side caused breakage along one border of 

the scapula. This sample's perforations are too far from the glenoid and thus might have 

been too close to the edge, leaving insufficient material for use and locating the 

perforations at a much thinner section of the blade, eventually causing the edge breakage. 

The edges of the notches are rounded, indicating that the implement was once hafted and 

likely used. Although imperfect, these implements were used, suggesting that they were 

likely not products of training or trial pieces; rather, they were produced for use. 

Apparently the producers had very limited practice, if any, before crafting actual tools. 

 

 

Figure 4.19: Examples of manufacturing mistakes. 
1. HMD 271 or T221(4)B:212 retains two hafting grooves, with the longer one (a) mislocated and therefore 

corrected by the creation of a shorter one (b); 2&3. The ventral and lateral views of the distal portion of HMD 
367 or T243(3)B:91 show a long notch (a) corrected by the addition of a shorter notch (b); 4&5. The dorsal 
and ventral views of HMD 368 or T243(3)B:133 displays a few mistakes: an extremely deep notch which 
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created an excessively narrow and weak neck (blue arrows) and also caused breakage along one border of 
the scapula; perforations (yellow arrows) too far from the articulated end, leaving insufficient material for use 

and eventually leading to edge breakage. 

 

I witnessed all these manufacturing flaws during my pilot experiments. The reason 

for these flaws was that we tried to replicate a template from memory (after carefully 

going over the archaeological collections once), without referring to photos or actual 

archaeological objects. Because my finished products either did not look right or 

performed awkwardly, in subsequent experiments, I kept either a scanned photo or an 

actual object in view throughout the replication process. Even so, it took me several more 

trials to accurately locate the best spots at which to notch the sides of the neck, to 

determine the most appropriate dimensions of both notches and hafting grooves, and to 

establish the proper locations of the perforations. My experience represents a self-training 

process in becoming a craft specialist. The manufacturing errors I made in the earliest 

stages of this process match those displayed by the archaeological assemblage. This 

suggests that the Hemudu artisans might also have produced their scapular implements 

without real models in hand and/or without sufficient scapula-modification experience. 

Certainly, the learning circumstances of the Hemudu craftspeople differed from mine: 

they may have been mentored by or at least consulted with artisans with richer experience 

but they may not have had the chance to carefully observe as many artifacts as I was able 

to. However, the similarities in our mistakes still suggest that many Hemudu craftspeople 

may have produced their implements according to morphological memory rather than 

actual models and that they did not repeat production even when final products turned out 

to be flawed. This evidence suggests that the craftspeople only occasionally handled and 

produced such objects. After all, people working with standard objects on a day-to-day 
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basis would have had more accurate mental images of the correct size and shape for a 

particular object (Eerkens 2000). 

One may argue that a few artisans might have been better trained and become 

specialists who contributed the more standardized products present in the archaeological 

assemblage. However, I would argue that these were more likely craftspeople with better 

natural ability and/or perhaps more practice than the bulk of these craftspeople, because 

archaeological evidence does not (yet) support the hypothesis of the presence of a 

specialized training system. 

Although the manufacturing practice was carried out, it was informal and on an 

individual level, and it did not happen often, as specimens with evidence of having been 

“practice pieces” are rare compared to the number of finished and used products. For 

example, at Tianluoshan, among 62 scapular implements found, only seven of them 

appear to be practice pieces. The ratice of practice pieces to real implements is only 

slightly higher than 1:8. 

Because water buffalo scapulae were in short supply (see previous sections in this 

chapter), most manufacturing practice was carried out with deer scapulae instead and 

most products were unfinished or finished but used in a way that did not require those 

specific modifications. Below is a list of all specimens bearing possible evidence of 

manufacturing practice (Fig. 4.20). 
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Figure 4.20: Examples of practice pieces in the archaeological record. 
1. TLST302(6):G121 with the projection of the articulating end on the ventral surface and the spine partially 

removed. 2. TLST104(6):G360 with incised lines to both sides of the scapular spine. 3. HMD 311 with 
extremely deep notches on the sides of the neck, causing breakage of the scapular border. 4. HMD 312 

showing improper approaches to perforation, also at inappropriate locations. 5. HMD 369 with perforations 
skewed to one side of the blade, causing lateral breakage. 6. TLST004(5):25 with two sets of scored 

notches. 7. TLST305(5):SGS1 with the side of the neck slightly modified, the spine removed, and the ventral 
surfaces of the glenoids cut and ground. 
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TLST302(6):G121: a deer scapula, of which the projection of the articulating end 

on the ventral surface was cut and ground and the spine partially removed.  

TLST104(6):G360: a fused scapula of a very small deer, unsuitable for crafting a 

tool, with incised lines to both sides of the scapular spine. 

HMD 287: a bear scapula with all the modifications of a typical Hemudu-style 

earth-working implement, but without clear signs of use-wear. Although it shows 

rounding on the edge and on the hafting area, the cause(s) of these traces are unknown. 

Likely it was not made for use. 

HMD 311: a deer scapula with almost all the modifications of a typical Hemudu-

style earth-working implement, with extremely deep notches on the sides of the neck. 

Evidence of use is absent. It was broken, probably from manufacturing practice. 

HMD 369: a large deer scapula with breakage from perforating at a wrong location. 

Perforations skewing to one side of the blade also indicate inexperienced modification. 

HMD 312: a large deer scapula with a clear but unidentified use-wear pattern. It 

was improperly perforated at inappropriate locations. One of the perforations was 

punched through instead of carefully chiseled or bored. The other perforation was 

chiseled right on the spine, resulting in breakage across the perforation itself. The broken 

edge was then used slightly for unknown purposes, as evidenced by sparse rounding and 

sheen on the edge. However, lashing traces for hafting around the neck indicated heavier 

use than the degree of use-wear on the edge, suggesting that the tool might have been 

used before it was broken. It was quite possible that the piece was originally used without 

much modification; afterwards it was used to practice perforating resulting in the 

breakage, but it was then expediently used for other purposes. 
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TLST004(5):25: a deer scapula with all the usual hafting modifications but missing 

the edge and heavily weathered. The presence of two sets of scored notches indicates that 

the piece was either used and reused, or created from manufacturing practice. Scapular 

implements in the Hemudu culture were usually carefully stored and show little trace of 

weathering, so it is likely that this piece was not a real tool; therefore, it was not carefully 

stored. Also, implements crafted from deer scapulae were rarely modified with this much 

sophistication. Together these clues suggest that this piece was likely produced for 

practice.  

TLST105(6):SGS1, TLST305(5):SGS1, and TLST105(5):SGS1: burned deer 

scapulae missing proximal ends. However, the ventral surfaces of the glenoids were cut 

and ground, the spines were cut off, and the sides of the scapular necks were shallowly 

notched. 

Cumulatively, high technical variation, low to moderate manufacturing skills, and 

little evidence of manufacturing practice led me to the conclusion that high product 

variation among the scapular earth-working implements was caused by participation of 

many group members in production, most likely representing self-sufficient household 

production.  

With self-sufficient household production remained through emulation, frequency-

dependent bias toward bone spades, in other words, the tendency to copy the solutions 

employed by the majority, may have been very strong and helped ensure the persistence 

of bone spades even when raw materials became scarce.  

Although the bone raw material might have been scarce overall, in the early 

Hemudu period, bone spades were efficient, at least on an individual level, in everyday 
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practice. Copying what the majority did would have been more practical than 

experimentation aimed at innovating new technologies, especially when developing the 

skill to create stone spades required extensive time and effort and the outcome was 

uncertain.  

During the late Hemudu period, the environment of both natural and social 

selection changed. Saline marine waters inundated the wetlands while increasing cultural 

interactions with the Majiabang populations exposed late Hemudu groups to alternative 

ways of living and technological options, including hillside habitation and use of stone 

spades. 

Conclusions 

Comparative observations made between archaeological specimens and 

experimental results indicate that the Kuahuqiao and Hemudu populations preferred 

scapulae from older water buffalo as raw material for crafting bone spades. This 

preference was retained even when the most desirable raw material was in short supply, 

indicating that the preference might have become a very conservative tradition in these 

prehistoric communities. 

Replicating one typical Hemudu-style scapular tool from a large cattle scapula took 

an adept practitioner (after a week of experimentation, practice, and consultation) 3.6 to 

4.1 hours. The whole procedure is very tedious and requires a great deal of patience. In 

my experiments, whenever the craftsperson lost patience and tried to speed up the process 

by taking off large pieces of unwanted material, the scapula broke; otherwise, it would 

have been a relatively “safe” procedure (in terms of the low risk of failure or breakage) 

compared to groundstone spade production (see below). The manufacturing process is 
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relatively costly in terms of tooling: it required the use of a variety of implements, 

including specialized chisels, and wore down those tools quickly through use as well as 

through frequent resharpening. 

My data do not show significant patterned differences between working dry bone 

and fresh bone in terms of time consumption at most manufacturing stages. Where 

obvious differences are indicated, they do not necessarily point to fresh bone being easier 

to work. For example, when removing the spine and proximal end by smashing, it took 

longer to work fresh bones than their dry counterparts. When crafting grooves by 

chiseling, fresh bones required more time than dry bones because the laminated structure 

of dry bones was more easily removed layer by layer, which hastened the grooving 

process; however, the risk of breaking the bone was proportionately higher. When the 

same technique was applied to perforate scapulae, however, working fresh bone appeared 

to be faster and more efficient. Conflicting results also arose with the experimental 

grinding technique. Grinding the edges of dry bones was slower than grinding edges of 

fresh bones. In contrast, grinding to flatten the spine of dry bones consumed less time, 

while grinding to flatten the groove's end seemed unaffected by whether bones were dry 

or fresh. Since my experimental sample sizes are relatively small, these differences may 

reflect undocumented variability among individual scapulae more than differences 

between dry bones and fresh bones. All three experimental participants felt that fresh 

bones were easier and/or safer (in terms of the lower risk of mechanical failure or 

breakage) to work than dry bones in general. The participants did note that grease and 

bone debris became lodged in the fissures among individual grains of sandstone slabs 

when fresh bone was being worked, rendering the grinding surface less functional. 
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However, this problem was solved by replacing the grinding slab with loose, coarse sand 

and water as the grinding medium. 

The energy cost to produce a scapular tool is low. The labor intensity of chiseling, 

cutting, grinding, and perforating is similar to that of a normal walk in terms of calorie 

consumption per unit time, indicated by the heart rates of the persons involved. However, 

the grinding process usually caused arm and back soreness when the person worked 

continuously for an hour or longer. In the future, it would be helpful to measure the levels 

of muscle recruitment as an additional indicator of labor intensity. 

The necessary level of know-how for bone implement replication was relatively 

low because the quality of bone was stable and predictable. With a little formal or 

informal training and practice, an adept person familiar with the mechanical properties of 

bone could craft a typical Hemudu-style scapular earth-working implement, although the 

quality of the finished products may vary depending on the person's natural ability and 

previous experience. Most Hemudu scapular earth-working implements were likely 

crafted by household craftspeople rather than by specialists, who were adept and familiar 

with the implements but had very limited training and practice, resulting in varying 

qualities of the implements and high variability of end-products. The pattern of self-

sufficient household production encouraged frequency-dependent bias that led to a 

preference for bone spades and ensured their persistence in the Hemudu culture, even 

when raw materials became scarce. 

Replicating stone spades 

Groundstone technologies were used intensively by the Hemudu scapular tool 

users, as demonstrated by the presence of a great number of such tools, such as adzes, 
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axes, and chisels. The types of rocks used to make these implements were usually harder 

to work than those for earth-working implements. Therefore, the paucity of groundstone 

earth-working implements in Hemudu artifact assemblages is not due to a lack of 

groundstone manufacturing technologies or skills. Outcrops of rocks suitable for crafting 

earth-working implements were available close to most Hemudu culture sites (see 

below), meaning the Hemudu people could have made groundstone earth-working 

implements if they chose to do so. My own replicative experiments were designed to 

compare the manufacturing costs of stone implements with those of scapular tools. 

Previous knowledge 

Replication experiments of ground/polished stone tools have been conducted since 

the late 1800s. Most such experiments were designed to produce a polished celt or axe, 

typical of the western and central European Neolithic (e.g., Bordaz 1970; Callahan 1993; 

Chappell 1966; Cunnar 2007; Dickson 1981; Pond 1930; Turner and Bonica 1994). The 

most widespread groundstone manufacturing techniques include knapping and grinding. 

Pecking (or hammer-dressing as this process is called in Australia and New Zealand), 

using a pointed hammerstone to repeatedly deliver short, quick strikes at a targeted spot 

from a slightly oblique angle to pulverize it little by little, is also quite common although 

less popular. Sawing was adopted in some areas, such as British Columbia, New Zealand, 

and China (e.g., Laufer 1912; Lu and Hang 2002; Mackie 1995; Riley 1987) to produce a 

blank, resulting in low accidental breakage risk and better control over the shape of the 

final product, although it is very labor intensive (Semenov 1964). Some groundstone 

tools have perforations, usually made by pecking, drilling (including pump drill, bow 

drill, and tube drill), graving, or a combination of two of these techniques (Cunnar 2007; 
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Tong 1989). Polishing is usually techno-functionally unnecessary (except that a polished 

axe is less likely to become stuck when chopping dense, pitchy wood) but was 

occasionally applied to finished groundstone products, presumably for aesthetic reasons. 

Locating appropriate lithic raw material is one of the most difficult and significant 

parts of groundstone production. It is necessary to find rock types with mechanical 

properties that fulfill functional needs but are also workable with contemporary 

techniques and which are found in suitable shapes and dimensions with few natural flaws. 

According to Stout (2002), raw material quarrying for axe and adze manufacture in New 

Guinea is usually done by groups and takes place over a period of days. Developing 

preform knapping skills, including knowledge of raw material selection, takes years of 

apprenticeship and practice (Stout 2002). Two hundred experiments on manufacturing 

groundstone adze preforms showed an 80 percent failure rate in the flaking process 

(Turner 1992, unpublished MA thesis cited in Turner and Bonica 1994) resulting from 

flaws, many visually undetectable, in the raw material that caused unpredictable breakage 

patterns. Even professional groundstone adze makers (e.g, Langda adze-makers in Irian 

Jaya, Indonesia) lose 10-20 percent of their blanks to accidental breakage (Toth et al. 

1992:91). With high quality raw materials, it took an average of only 30-60 minutes to 

produce a groundstone adze preform (Turner and Bonica 1994:22).  

Raw material selection for tool-making tools also has a great impact on the time 

and effort involved in groundstone manufacture. For example, proper tools for flaking, 

pecking and grinding (e.g., the shape, size, hardness, and weight of hammerstones), and 

proper auxiliary media for grinding (e.g., a sandstone abrader that has a self-resharpening 
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ability or a properly coarse grade of sand) greatly affect manufacturing efficiency 

(Dickson 1981:41; Harding 1987:37-38; Semenov 1964:69).   

Flaking, pecking, and grinding serve different purposes as manufacturing 

procedures and all, especially the first two, carry increased risk of accidental breakage 

when improperly applied (Turner 2000). Being able to accurately predict specific sources 

of risk and knowing when each technique should be employed is at least as important as 

being able to use the techniques themselves. For example, flaking is the fastest but not 

always the best way to remove large amounts of unwanted mass. Based on my own 

experience, removing unwanted mass from a certain position of the preform (e.g., on the 

corner or margin) by flaking is extremely risky in terms of accidental breakage; grinding 

and/or gentle pecking would be much safer, although it might take much longer to 

complete the task. 

Besides general knowledge of groundstone tool manufacture, nuanced 

understanding of groundstone spade fabrication was also explored. Research on Neolithic 

spade production at the Huizui and Wangchenggang sites in Henan province and at 

Liangchengzhen in Shandong province (Cunnar 2007; Li 1991; Webb et al. 2007) shows 

that toolmakers preferred rocks that required minimal work (including quarrying and 

manufacture) to shape into tools over others that are more abundant and occur closer to 

the habitation sites. 

The most favorable rock for crafting spades at the Huizui site, oolitic dolomite, has 

a homogeneous structure of interlocking crystals that breaks evenly and predictably when 

flaked. It is a soft material (Mohs hardness 3.5-4) so it can be easily ground using harder 

rocks (e.g., quartz-rich sandstone) to yield sharp, effective edges and very smooth 
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surfaces, yet it is also relatively strong and tough enough to be made into earth-working 

implements (Webb et al. 2007). Although the benefits of the fine-bedded structure of 

selected stone raw materials, namely the ease of splitting along parallel bedding planes 

into thin slabs of desired thickness, have been discussed by several researchers (e.g., 

Webb et al. 2007; Li 1991; Tong 1989), replication experiments (Cunnar 2007; Ford 

2004; Owen 2006; Zhai 2012) have not explored this characteristic further. My 

experience in interregional examination of archaeological groundstone collections and 

experiments based on archaeological observations have shown that the fine-bedded 

characteristics of raw materials significantly affect the blank thinning techniques in spade 

manufacture (see below). 

New archaeological observations, experiments, and results 

Lacking direct clues as to manufacturing techniques of groundstone earth-working 

implements in the study area, I referred instead to archaeological information from other 

areas, Huizui in Henan province in particular. The Huizui site was a center of stone tool 

manufacturing during the late Longshan (late Neolithic) and Erlitou (nascent Bronze 

Age) periods (c. 2500-1500 BC). Débitage, blanks, preforms, and failed or unfinished 

products of groundstone spades found at this site provide useful clues for reconstructing 

spade manufacturing sequences. 

Neolithic stone spades at this site are typical of artifacts used in the middle Yellow 

River Valley at the time. They are elongated, narrow, and relatively flat, with slightly 

convex edges, and flat and blunt proximal margins. The lateral borders of the spades are 

straight in their longest dimension with a rectangular or convex cross-section, although 

some taper slightly towards either the distal or proximal end (Fig. 4.21). Holes were 
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drilled through the bodies of some tools near the proximal ends. All blanks at the Huizui 

site include several laminae, with each lamina about 1 cm in thickness. The surfaces of 

the laminae often have a very thin reddish-purple ferruginous coating (Webb et al. 2007). 

Knapping scars are usually densely distributed on both margins of the blanks. On the 

faces of the blanks and preforms, large scars follow the surfaces of the next laminae (Fig. 

4.21). The width of the blanks varies from 5-15 cm. 

 

 

Figure 4.21: Examples of Neolithic stone spades and their roughouts and preforms found 
in the middle Yellow River Valley. 

 

Flakes dominate the spade manufacturing byproducts in number, with sizes ranging 

from less than 0.2 cm to about 8 cm (Fig. 4.22). There is also a unique series of 

byproducts that are neither blanks nor flakes. They are smaller and thinner than complete 

spades and the manufacturing traces they bear are neither as numerous nor as distinct as 

those on the blanks and preforms, and they lack the typical fracturing surface of flakes 
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and are larger than most flakes, some being more than 10 cm in width (Fig. 4.23). The 

usual fracturing traces on the ventral surfaces are replaced by laminar surfaces that can be 

identified by their ferruginous coating; the dorsal areas are usually weathering faces or 

laminar surfaces, with some scars on quite a few specimens. Blanks and preforms exhibit 

scars that are larger than flakes while corresponding to what has been observed of this 

unique type of byproduct. Large scars on the faces of the preforms following the surfaces 

of the next laminae parallel the unique byproducts that exhibit fracturing traces on their 

ventral faces replaced by a laminar surface. I infer that the unusual byproducts may be 

pieces removed from the blank along the laminae in order to thin the blanks, and I use the 

phrase “coating flakes” to describe this class of artifacts. 

Based on these observations and analyses, I hypothesized that there were several 

substages in the preform manufacturing process, among which at least two can be 

specifically identified: thinning and shaping. Analysis of the blanks, preforms, and 

coating flakes indicates that the spade fabricators exploited the fine-bedded property of 

the raw material by selecting those with thin laminae, tracing along the surfaces of the 

laminae to remove large flakes and reduce the raw material chunks to proper thickness. 

The presence of knapping traces along both lateral margins of the blanks and the variety 

in blank widths suggest that the spade preforms were narrowed down by knapping both 

margins. These hypotheses were proven by our blank reduction experiments in May 2007 

with exactly the same stone raw materials as those from the Huizui site, using cobbles 

from local river beds as hammerstones, including quartzite and siltstone. 
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Figure 4.22: Spade manufacturing byproducts: flakes of various sizes. 

 

 

 

Figure 4.23: Spade manufacturing byproducts: coating flakes. 
Each group of photos show the dorsal, lateral, and ventral aspects (top to bottom) of one coating flake. 

 

Four expert knappers participated in the experiments. None of them had particular 

experience with making groundstone tool preforms, so they were encouraged to first knap 

the raw material chunks to become familiar with its unique mechanical properties and to 

determine the best way(s) to reduce it on their own. 
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Free-hand direct percussion was shown to be an ineffective means of thinning fine-

bedded chunks because it rarely successfully reduced the blanks along their laminae, and 

it was difficult to strike off large and/or long flakes to thin the chunks. When large, long 

flakes were occasionally taken off, they did little to thin the center of the blank and 

inevitably created ridges or arêtes on the axis of the preforms, conflicting with the need to 

create a spade blank that was as flat as possible. Indirect percussion with a wedge of 

proper mechanical properties (excluding stone) proved to be helpful in splitting the raw 

material along its laminar boundaries; this created “coating flakes” that looked similar to 

their archaeological counterparts. However, this approach was still less effective than I 

had supposed it might be. Indirect percussion with an iron wedge is not more effective 

than a particular method of direct pecking that will be discussed below; therefore, wedges 

made from materials with proper mechanical properties (excluding stone) might be 

helpful for thinning, but are not necessary. 

After consuming approximately 15 pieces of raw material, two experimental 

knappers independently developed the same new thinning technique. This new approach 

consisted of a modified anvil technique in which the raw material was braced upright on 

a hard, stable surface and the knapper gently struck the lateral surface of the chunk 

vertically along laminar division interfaces with a hammerstone (hereafter the phrase 

“vertical block-on-block pecking” will be used to describe this approach). Five additional 

thinning experiments using vertical block-on-block pecking techniques by all 

experimenters proved to be very effective, especially when the lateral surface of the 

object piece was flat and served well as a platform for striking (Fig. 4.24). The key to 

success in employing this approach is to vertically (but not obliquely) strike the division 
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of the laminae back and forth very gently, avoiding concentrated blows on a single point, 

eventually splitting them. Our experiments confirmed that rocks with thin (0.5-1cm), 

multiple laminae, free from natural flaws, are the optimal choice for spade 

manufacturing. Vertical block-on-block pecking is an effective strategy for thinning this 

type of raw material. This process, although tedious, consumes little time, requiring from 

five to forty minutes to complete the whole thinning process for one chunk of oolithic 

dolomite, depending on its dimensions and degrees of adhesion between laminae; when 

well controlled, knappers could produce multiple blanks from a single chunk. 

 

 

Figure 4.24: Vertical block-on-block thinning technique. 

 

Similar characteristic manufacturing traces appeared on both experimental and 

archaeological coating flakes and blanks, further confirming that a similar, if not 

identical, thinning strategy was employed in spade blank production at Neolithic Huizui. 

Examples of typical damage include continuous shallow scars on the margins of the 

ventral and/or dorsal surfaces of the coating flakes and the ventral surfaces of the blanks, 
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and small white indentations along laminar division interfaces from gentle pecking on the 

platforms of both coating flakes and blanks (Fig. 4.25). 

 

 

Figure 4.25: Similar manufacturing traces appeared on both experimental and 
archaeological coating flakes and roughouts. 

1&2. Experimental coating flakes show continuous shallow scars on the margins of the ventral and dorsal 
surfaces, similar to those on archaeological specimens (see Fig. 4.23); 3&4. Small white indentations on the 

platforms of blanks (3 is an experimental example and 4 is archaeological). 
 

The appearance of knapping scars on the margins of blanks in the archaeological 

collection suggests that shaping was carried out through direct percussion. Five shaping 

experiments confirmed that once the raw material is reduced to proper thickness, 

marginal shaping with direct percussion is very simple and straightforward. 

My experiments demonstrated that the absence of visible fractures does not 

guarantee flawless, homogeneous stone. Fortunately, the inferior quality of the raw 

material sometimes could be identified by the sound of the hammer blows and skilled 

fabricators would reject such a piece for reduction. Breakage also occurred in flawless 

stones during the shaping process as a result of operator error. This happened most often 

when the operator struck the object piece from the wrong angle, with too much force, or 
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with a hammerstone that was too hard; however, with accumulated experience, the risk of 

accidental breakage was greatly reduced. The solution for reducing unwanted mass is to 

remove as much as possible during the thinning process unless the unwanted mass is 

located at a risky spot. Using a hammerstone of appropriate hardness, i.e., of hardness 

equal to or slightly softer than that of the object piece, is safer and more efficient (Dante 

Bonica, personal communication, August 2011). Resting the whole blank on one's leg 

also helped prevent accidental breakage caused by vibration or mechanical shock during 

the knapping process. 

Once the blank is thinned, the margins are flaked to create the piece's contours. 

Direct percussion appeared to be the most effective means of shaping at this stage.  

Knowledge of optimal raw material characteristics and manufacturing strategies 

attained from comparative study of the Huizui experimental and archaeological 

collections helped in searching for potential stone sources in the study area and to 

estimate manufacturing costs of stone earth-working implements. Stone yue and 

shouldered groundstone implements that appeared in the study area in subsequent periods 

of scapular tool use were used as models of earth-working implements for replication 

(Figs. 2.16 and 3.9). 

Stone resources 

 According to Yaozhong Wang, a geologist from the Zhejiang Provincial Team of 

Hydrogeology and Engineering Geology with decades of experience in geological survey 

and mapping of the study area, stone with a fine-bedded structure tough and hard enough 

for crafting earth-working implements is plentiful on the Ningshao Plain (personal 

communication, October 2011). A profile exposed by a modern quarry located at the 
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Zhangmei Reservoir on Dadushan Mountain, 14.6 kilometers to the west of the 

Tianluoshan site, reveals rock types that are available in outcrops of the Chawan 

Formation (Fm) or J3ĉ Section (Fig. 4.26), along the northern rim of the Ningshao Plain 

(Y. Wang, personal communication, October 2011). 

 

 

Figure 4.26: A profile of the Chawan Formation or J3ĉ Section (up to 319 m thick) revealing 
typical rock types available along the northern rim of the Ningshao Plain (modified from 

ZPTHEG 2002:24, Figs. 21-11, with Y. Wang's corrections).  
1. Black fine-bedded mudstone, superimposed by a set of interbedded tuffaceous fine-grained sandstone 
and greenish silicified siltstone (1.8 m thick); 2. Greenish fine-bedded tuffite (7.7 m thick); 3. Interbedded 

yellow fine-grained sandstone and siltstone and grayish-brownish mudstone (55.5 m thick); 4. Black 
medium- to thick- bedded tuffite and tuff (205.8 m thick). 

 

In December 2011, I examined this profile in situ and identified fine-bedded 

(laminated), fine-grained sandstone available from the outcrop (Layer 3 of the J3ĉ Section 

as indicated in Fig. 4.26) as suitable raw material for crafting earth-working implements, 

which was later confirmed through manufacturing experiments (see below). Each lamina 

within this sandstone is about 0.2 cm thick, with very flat interfaces between laminae. 

Field testing indicated that the laminar structure of the sandstone is relatively strong yet 

still easy to split. Natural flaws in the sandstone were either visible or detectable through 

test striking, greatly reducing chances of selecting inferior raw material. The results of 

knapping and grinding experiments suggested that this type of rock is neither very hard 
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nor tough, making it relatively easy to craft tools from; however, test digging shows that 

the end product is still tough enough to penetrate ground without breakage. 

The presence of oblique cracks criss-crossing the solid bedrock from top to bottom 

reduces the original massive, compact outcrops into individual vertical sections that allow 

relatively easy extraction (Fig. 4.27). Although evidence of ancient quarries dating to the 

Hemudu culture period is absent, it is reasonable to speculate that the Hemudu people 

were aware of the existence of these stone raw materials, given that the outcrop is so 

close to the known archaeological sites (e.g., Tianluoshan, Zishan, and Hemudu) and 

certain rock types from this outcrop appear to have been used by the Neolithic 

Tianluoshan population. For example, the raw material for archaeological axes T301(4):1 

and T203(3):33 appears identical to the silicified vitric tuff presenting at the J3ĉ section; 

the raw material of archaeological scraper sample T302(3), adze sample T103(3):9 and 

chisel sample T302(4):1 appear identical to the greenish silicified siltstone from the J3ĉ 

section; the raw material of archaeological axe sample T105(3):19 also appears identical 

to the fine-bedded, fine-grained sandstone from the J3ĉ profile that is identified as 

suitable raw material for crafting earth-working implement (personal communication 

with Y. Wang, December 2011). 
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Figure 4.27: Profile of the outcrop showing the presence of oblique cracks criss-crossing 
the solid bedrock from top to bottom, allowing relatively easy extraction. 

 

 

Although a recent study of stone adze sourcing indicates that one-third of the lithic 

raw materials exploited by the Neolithic Tianluoshan population for crafting groundstone 

adzes may have come from other sources (Jiao et al. 2011), the likelihood that the 

Neolithic Tianluoshan population was aware of stone resources nearby should not be 

rejected. To what extent stones from the J3ĉ section were actually extracted is an issue 

that needs further research; nonetheless, the Hemudu scapular tool users were certainly 

aware that suitable rocks for crafting earth-working implements were accessible from this 

outcrop. We need to ask, then, why the bone tool users did not make their earth-working 

implements from suitable siltstone that could be found within a short distance. 

Comparing the costs of manufacturing stone spades to those of bone may provide clues to 

understanding the Hemudu population's raw material preference toward bone.  

Given limitations of time and funding, I did not attempt to conduct quarrying 

experiments. Instead, I collected a large block of sandstone (approximately 50 cm X 30 
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cm X 30 cm) from the tailings of a modern quarry for experiments in manufacturing 

groundstone earth-working implements, as well as small chunks for manufacturing 

practice. 

Manufacturing costs 

The replication experiments were carried out in December 2011 by the same team 

involved in the experimental production of scapular tools: the three adept farmers and 

me. Because two of the three farmers had previous experience in groundstone tool 

replication experiments under my direction, the training process only required three days, 

a bit shorter than that required for scapular replication. My replication procedure included 

thinning, shaping, perforating, and grinding. Polishing was excluded because it results 

from use rather than manufacture. My functional experiments show that even brief use of 

stone shovels/hoes can create significant polish/sheen similar to that found on the 

archaeological assemblages (Chapter 3). 

To achieve relatively high levels of know-how within a short period, each 

participant was requested to focus on only one or two substages—thinning, shaping, 

perforating, and/or grinding—of the manufacturing procedure. Specific substages were 

assigned to participants according to what they proved to be most adept at during the 

training and practice processes, and the four participants cooperated like a production 

chain to complete the manufacture of each stone tool. 

The vertical block-on-block approach proved to be very efficient for thinning the 

sandstone, and direct percussion was efficient for shaping. Pecking was also employed to 

thin or shape the preform whenever the unwanted mass was too large to remove by 

grinding and/or removing it by knappying seemed too risky. In my experiments, a 
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combination of pecking (i.e., pulverizing with a pointed hammerstone) and drilling was 

employed for perforation because it is known to have been one of the most common 

perforation methods employed in prehistoric stone industries in China (Tong 1989) and 

pecking appears to have been the perforation method applied to relatively soft stone at 

Neolithic Liangchengzhen in Shandong province (Cunnar 2007). Any piece of rock with 

a strong point created simply through knapping was efficient for pecking, as long as the 

raw material of the pointed hammerstone was a bit harder than the sandstone; in my case, 

quartzite appeared to be better at penetrating sandstone slabs than diabase or sandstone. 

Once a tiny hole is created, it can be expanded by drilling with any chunky piece of 

pointed stone available from production waste (such pieces were usually plentiful in my 

experimental case). Slabs of medium-grained sandstone were used to sharpen the edge, 

even on the final products, rendering them symmetrical and smoothing their surfaces. 

Table 4.5 lists the time consumed in each manufacturing step for all finished 

products replicated through our experiments, and Figure 4.28 shows examples of the 

actual finished products.  
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Table 4.5: Time costs (minutes) of manufacture and dimensions of final products 

Rep. # Time costs Dimentions (cm) Edge 

angle 

Wt (g) 

Thin

ning 

Sha

ping 

Perfora

tion 

Shoul

der 

Grinding Total Length Width Thick

ness 

TLSE5-7 1 31 55 n/a 64 151 14.4 10.1-10.8 1.6 38, 47 488 

TLSE5-8 21 25 75 n/a 49 170 15.9 11.7 1.2 39, 42 417 

TLSE5-2 1 27 69 n/a 105 202 15.3 10.5-11.4 1.7-1.8 41, 50 622 

TLSE2-1 7 45 n/a 10 100 162           

 

 

 
Figure 4.28: Front, edge, and lateral views of replicated stone implements.



 

256 

 

Conclusions 

My replicative experiments indicate that it takes 150-200 minutes or 2.5-3.3 hours 

to produce a groundstone yue or a shouldered groundstone implement, excluding raw 

material quarrying and transportation. The experiments were successful primarily 

because of high quality raw material and proper manufacturing approaches. The laminar 

structure of the sandstone was relatively strong, yet it was still relatively easy to split with 

an appropriate approach. Flat interfaces between laminae greatly reduced time needed for 

smoothing the surface of the stone spade through grinding. Easily detectable natural 

flaws not only guaranteed the quality of the selected chunks, but also helped in planning 

their use, for example, determining where to transversely split a chunk into blanks and 

the number of blanks it could produce. For instance, the original chunk of raw material 

TLSE5 had several natural fissures across it and was easily split along the fissures into 

eight blanks, three of which were used for further experiments to produce TLSE5-8, 

TLSE5-7, and TLSE5-2; the rest were broken during shaping practice by a less adept 

knapper whose experimental focus was on thinning. Unlike scapulae, the quality of rocks 

can never be fully anticipated, and there will always be a certain amount of insecurity 

involved in the manufacturing process. An experienced craftsperson should have been 

able to continuously re-assess the situation and ensure the quality of the final product. 

Among the four replicated samples, three are satisfactory but TLSE5-8 has severe 

cracks on the edge along the laminae and is therefore considered a failed product. The 

cracks were caused by attempting to thin the blank with an improper technique. The 

blank of TLSE5-8 was originally as thick as those of TLSE5-2 and TLSE5-7; however, 

during the shaping process it was partially thinned by accident, and then the knapper 
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attempted to thin the whole piece to match the thinnest part. She struck the edge too hard 

when she tried to remove a large unwanted mass close to the edge, which caused cracks 

inside the blank that were invisible until they were exposed by edge-grinding. 

Presumably, if the preform had not been over-thinned, or if the removal of unwanted 

mass close to the edge had been done by pecking or grinding rather than knapping, the 

replication would have been successful. 

As with producing a scapular tool, the calorie consumption per unit of time for 

fabricating a groundstone tool was as low as that of a normal walk, but the process 

caused arm and back soreness when the person worked continuously for an hour or 

longer.  

Discussion: bone or stone? 

Suitable bone (water buffalo scapulae) and stone (fine-bedded fine-grained 

sandstone) were both readily available to the Hemudu scapular tool users. Both materials' 

mechanical properties could potentially fulfill the functional needs of earth-working and 

the manufacturing procedure requires knowledge and/or skills that generally existed 

previously in these Neolithic communities. The only knowledge that might have been 

relatively new to the Hemudu populations was associated with the thinning process in 

stone spade production. In fact, the thinning process was a very important and widely 

adopted innovation in Neolithic stone industries in China (Xie 2008). The presence of a 

few very thin spade-like fragments from the Tianluoshan site dating to the late Hemudu 

period (Chapter 3) indicates that by that time thinning techniques had likely been 

invented, although direct evidence is needed to confirm this. If thinning techniques were 

also readily available in Hemudu Neolithic communities, then bone and stone had 
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essentially equal opportunities to be selected for crafting earth-working implements in the 

technical context of the times. Therefore, it is reasonable to look for additional 

considerations people may have used in selecting their raw materials. Return rates and 

special symbolic meanings are two major potential factors researchers often consider 

when attempting to account for raw material choices. Because the archaeological record 

does not show any clue regarding symbolic meanings of water buffalo or their scapulae, I 

focused my research on return rate. The effectiveness of both bone and stone earth-

working implements in different tasks is discussed in Chapter 5. The present chapter 

deals only with their inputs. The estimation of time costs in manufacturing processes 

according to my experimental results might indicate only the maximum conditions, 

assuming Hemudu craftsmen were more skillful and experienced than the experimenters; 

nonetheless, the data are reliable to an extent that allows further discussion. 

My experimental results show that both bone and stone have their pros and cons. It 

took a bit more time to produce a Hemudu-style scapular tool (3.5-4.1 hours) than a 

functionally similar groundstone implement (2.5-3.5 hours) and the variety of tools 

involved in scapular tool production was much larger and more costly.  

The participants in my experiments had richer experience and received better 

training than the Hemudu self-sufficient household producers when it came to scapular 

tool manufacture. I, as the trainer, scrutinized almost 200 implements and also practiced 

several rounds of manufacture to test my ideas before I supervised my experimental 

participants. This is much more than a prehistoric household craftman may have seen 

and/or experienced. Therefore, my estimate of time cost (3.5-4.1 hours) to craft a 

Hemudu scapular implement may significantly underestimate the actual time costs for the 
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Hemudu household craftspeople. For stone, my team had the minimum skill for 

successful production, representing a skill level between a learner and an expert, so the 

time estimate (2.5-3.3 hours) may represent a time requirement of either the minimum for 

a non-expert, the maximum for an expert, or something in between. 

Specific stone axes and chisels are indispensable in scapular tool manufacture; 

although these tools might not have been made exclusively for scapular tool production, 

they did need to match certain forms and dimensional ranges to fulfill that need, and 

frequent resharpening in each manufacturing procedure significantly shortened the use 

lives of these groundstone axes and chisels, which means the tooling cost of scapular tool 

production could have been extremely high. The abundance of water buffalo scapulae 

was not comparable to that of stone sources; even when wild water buffalo were 

presumably plentiful in the surrounding countryside (e.g., during the Kuahuqiao period; 

see Liu et al. 2004), the supplies of scapulae may not have been stable or predictable, 

especially when needs exceeded what was available from subsistence refuse. The 

availability of bone was also restricted by season (i.e., the seasons when people hunted 

water buffalo and/or when attritional deaths occurred more frequently). To ensure year-

round supplies, scapulae required additional effort during storage to keep them moist and 

greasy, and away from extreme temperatures and bone-consuming animals. Scapulae of 

proper dimensions and strength are relatively rare, and maximum dimensions of scapulae 

impose limitations on the size of tools that could be fabricated from them. The most 

apparent advantages of scapulae were their relative ease or low energy cost to procure 

(collected either from food refuse or attritional death in nature) and the higher success 

rate in manufacturing tools from them, ensured by stable and predictable quality.  
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In contrast, sandstone as a raw material had few of the problems associated with 

scapulae. It was available any time of year, meaning quarrying could be scheduled to 

coincide with spare time to minimize opportunity costs (i.e., lost benefits related to 

mutually exclusive activities that could otherwise be carried out). It is widely distributed 

along the northern margin of the Ningshao Plain, so the supply was abundant and would 

allow mass production. No extra work was needed during storage. Although the 

fabrication techniques demanded more practice, once learned, they were relatively 

simple, thus the manufacturing process was faster and less tedious (according to the four 

participants), and the tooling costs were much less than those for replicating scapular 

tools, requiring only hammerstones and grinding media. However, quarrying stone from 

an outcrop was difficult and required team work. Quarrying rock blocks of suitable 

dimensions for producing spades is even more difficult than for the production of smaller 

implements like adzes and chisels. Stone is also heavy and costly to transport. The 

necessary level of know-how for stone implement replication was higher because the 

quality of rock blocks was never fully predictable, requiring continuous adjustment of 

technical strategies based on correct re-assessment of the changing situations.  

Based on these assumptions, and depending on the tool fabricators' situations and 

what they valued most or most wanted to avoid, stone and bone have very comparable 

properties as raw materials for crafting earth-working implements, at least with respect to 

time and labor investments in manufacture. For example, the three adept farmers who 

participated in my replication experiments expressed their preference for scapulae over 

stone because they were less likely to accidentally break bone than stone during the 

manufacturing process. For them, a little more time invested in manufacture was not an 
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issue. All necessary tools were fully supplied to them in the experiments, so they did not 

need to worry about tooling costs either. All their attention was focused on successful 

manufacture. However, with my much broader knowledge of groundstone manufacturing 

techniques and richer experience in stone tool replication, and because I was responsible 

for providing all materials in the experiments, I preferred stone because the 

manufacturing process is faster and less tedious, and the tooling costs are much lower. 

Occasionally a blank would be broken through operator error, but that was acceptable 

because it usually happened at the knapping stage, within the first 30 minutes of the task, 

and it was simple and easy to restart and make another one because raw material was so 

readily available. 

The different preferences might correspond to different characteristics of self-

sufficient household craftspeople and independent craft specialists. Independent 

specialists may be more adept at risk management in stone tool production and see 

breakage risk less of a concern, so that their behavior is guided more by principles of 

efficiency (i.e., time, energy and/or raw material expense in production in relation to 

output) and the possibility of mass production. Because efficiency (including mass 

production as a way to achieve high production efficiency) is essential for survival in 

situations of economic competition, it is considered a key feature of specialized 

production (Costin 1991), and independent craft production is especially sensitive to 

variations in efficiency (Brumfiel and Earle 1987:5). Self-sufficient household 

craftspeople, who have less expertise and must schedule manufacture around many other 

activities, may be more risk averse when it comes to the possibility of manufacture 

failure.   
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Compared to scapular tools, the production of stone earth-working implements 

embedded more elements that required certain levels of craft specialization under 

Neolithic circumstances. The difference between the two raw materials stems mainly 

from differential levels of know-how rather than the actual complexity of the knowledge 

itself. Although manufacture of either bone or stone earth-working implements requires a 

specific pool of knowledge, that knowledge should not have been difficult for people 

living in the Neolithic Hemudu communities to acquire, given that groundstone (chisels, 

axes, and adzes) and bone implements were widely used and presumably produced. 

Replicating scapular implements involves a lower level of know-how because of the raw 

material's consistent quality and predictable fracturing properties in the manufacturing 

process. Archaeological evidence suggests that the scapular tools may have been crafted 

by multiple individuals, likely household craftsmen with little previous experience in 

scapular tool manufacture, to fulfill their own needs. This production pattern, with the 

social learning strategy of emulation, could have discouraged technological innovation 

and therefore ensured the persistence of scapular earth-working implements even when 

raw material became scarce.  

In contrast, crafting groundstone earth-working implements demands a higher level 

and wider range of know-how. The morphological characteristics of stone spades—

including large size, extreme thinness in relation to width and length, plan-view 

symmetry, and symmetric cross-section (Bamforth and Finlay 2008: Table 1)—require 

high levels of many skills to produce. The manufacture of stone spades also relies on 

complex, patterned multi-stage reduction strategies, which I have demonstrated 

throughout the discussion of my replicative experiments. For any individual involved in 
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real practice, the acquisition of know-how might take years of practical training. It is 

likely that the reproduction of groundstone technology demanded some form of 

institutionalized apprenticeship, or at least an informal system of passing on technical 

knowledge. Group cooperation, which was necessary for quarrying stone, also would 

have been much easier to achieve through apprenticeship systems.  

Overall, situating the production of earth-working implements within the broader 

context of the communities, both socially and economically, is helpful in understanding 

the raw material preference for earth-working implements. It seems like the production 

pattern of earth-working implements could have been at least one of the reasons why 

scapulae were preferred over stone by Hemudu populations. However, to understand 

whether the production pattern alone was responsible for the raw material preference, we 

need to further explore the return rates of the two raw materials and see if return rates 

also played roles. The next chapter deals with the outcomes of both bone and stone earth-

working implements in different tasks.
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CHAPTER 5. TECHNO-FUNCTIONAL PERFORMANCE CHARACTERISTICS OF 

BONE AND STONE SPADES IN DIFFERENT SOIL CONTEXTS 

 

To understand the preference for bone spades by 6,000 BP and their replacement by 

stone spades after 5,000 BP, I investigated the use contexts the prehistoric populations 

contended with (Chapter 3) and compared the resulting pros and cons associated with the 

production of both bone and stone spades (Chapter 4). I concluded that the use contexts 

should not have led to a consistent choice of bone or stone (Chapters 3) and that the 

pattern of spade production may have led to a preference for bone. In this chapter, I 

explore the techno-functional performance characteristics of bone and stone spades in 

working different soils to see if these aspects might also have played a significant role in 

the decision-making process of the choices of earth-working implements. 

Performance characteristic analysis has been productive for assessing an artifact's 

suitability for use in certain behavioral activities (e.g., Schiffer 2003, 2011; Skibo and 

Schiffer 2008). Unlike material properties manifested by the material itself, a 

performance characteristic is defined as an interaction and/or activity-specific behavioral 

capability of technology (Schiffer and Miller 1999). It therefore follows that an artifact's 

performance characteristics can only be achieved through utilization and can only be 

evaluated through “real-world” activities (Schiffer 2003). In archaeology, 

experimentation is the only way to directly evaluate performance characteristics. 

In my research, performance characteristic analysis was undertaken throughout the 

life history of earth-working implements produced from different materials. In Chapter 4 

I evaluated the costs of raw material acquisition and production and the patterns of 

production, and the present chapter deals with the outputs of earth-working implements 
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in their essential use context – in soils of various compactions, textures, chemical 

compositions, and cultural contexts. By deploying a unique set of controlled experiments 

under realistic conditions, I attempt to evaluate differences between degrees of 

satisfaction with earth-working implements made from bone (particularly mammalian 

scapulae) and stone in a range of soils representative of those with which the prehistoric 

farmers in my study area had to contend. 

Earth-working implements are designed to interact directly with soil, so it is 

reasonable to assume that the geological substrate plays a significant role in the process 

of selecting raw materials for and designing earth-working implements. The mechanical 

action of an earth-working implement breaking through soil is similar to roots penetrating 

earth, although the energetic resources and speeds differ greatly. Experiments in 

agricultural science suggest that soil penetration resistance, assessed by penetration 

resistance, may be the soil property that most critically affects root penetration (Martino 

and Shaykewich 1994). Case studies have also repeatedly proven that root elongation rate 

is negatively correlated with penetration resistance values up to certain levels, 

independent of plant species, soil types, and water content (e.g., Bengough and Mullins 

1991; Martino and Shaykewich 1994; Sinnett et al. 2008). Therefore, one can expect soil 

penetration resistance to affect the performance of earth-working implements. 

The use of earth-working implements to break through soil also involves a process 

of physical interaction and the generation of friction. In this process, soil acts as an 

abrasive medium and wears down the earth-working implements; consequently one can 

expect soil texture (i.e., particle size) as well as compaction to affects a tool's use-life. 
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Among Chinese archaeologists there is a common sense assumption that scapular 

implements are preferred over stone counterparts in looser and softer soils (e.g., Huang 

1996; Yu 1993), but this has never been systematically evaluated. This study breaks the 

common-sense proposition into several testable hypotheses: (1) soil penetration 

resistance has a negative correlation with time and energy efficiency of digging activities, 

(2) earth-working implements made of scapulae perform better than those made of stone 

when penetration resistance is low; (3) prehistoric populations living in areas where soils 

have a range of low penetration resistance values should prefer scapular to stone earth-

working implements given adequate raw material availability and affordable wear rates; 

but on the other hand, (4) where penetration resistance values are high, scapular 

implements would be rejected and stone would be the preferred raw material (when 

available). 

To test the above hypotheses, one must examine digging performance 

characteristics of both stone and scapular tools in different soils with a range of 

penetration resistance values and particle sizes. Here I report on my investigation of 

whether the performance characteristics of the two raw materials are related to 

penetration resistance and particle sizes and, if correlations do exist, in which penetration 

resistance and particle size zones scapular digging tools perform better than stone 

variants. I also investigate whether or not soils from actual sites where different kinds of 

digging tools have been found match the physical properties of those zones. Data needed 

to answer the first two questions could only be generated by experimentation. 
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Experimental design and methodology 

Correctly identifying relevant performance characteristics is the first step toward a 

reliable assessment of different technological options and experiments must be designed 

to examine those characteristics. 

In earth-working processes, breaking ground to construct features and houses and 

to cultivate crops may have been the most fundamental, yet perhaps most challenging 

tasks in the studied societies (e.g, compared to moving loosened soil); therefore, my 

experiments were designed to measure performance characteristics in regard to breaking 

ground. Results of functional studies show that the Hemudu scapular earth-working 

implements were used to break up the earth. They were hafted as shovels, with the blade 

affixed extending off the end of the handle and its axis in line with the handle (Fig. 5.1-

2), unlike a hoe, with the blade affixed perpendicularly to the handle and its cutting edge 

at a right angle to the shaft (Fig. 5.1-1) (Chapter 3). Therefore, my experiments excluded 

scapular hoes, and focused instead on scapular and stone shovels. 

 

 

Figure 5.1: Ethnographic records of scapular implements. 
1. Buffalo Bird Woman's hoe (after Wilson 1917); 2. A shovel from the Jingpo (Kachin) ethnic group (after 

Yin 1996). 
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According to the archaeological record, the prehistoric users of scapular digging 

tools lived in villages surrounded by rice fields in natural wetlands, such as the 

Tianluoshan site in the Yaojiang Basin (Chapter 2). Earth-working must have been 

carried out for two essential purposes: tillage in areas under cultivation and regular 

digging for construction within the settlement. For tillage, the earth must be cut and 

scooped up and aerated deeply enough for cultivation; therefore, efficiency of digging 

activities should be evaluated by the depth of penetration and tilling area with respect to 

the costs of time, energy, and raw material. By contrast, in digging activities for 

constructing facilities, it is the overall amount of soil loosened and moved that matters; 

hence, digging efficiency should be measured in terms of the volume of soil being 

loosened as a benefit of the costs. 

Based on these considerations, experiments were designed to assess relevant 

performance characteristics of earth-working implements in different contexts, and to 

determine whether or not the differences between bone and stone earth-working 

implements are statistically significant and/or of practical consequence. 

To ensure that the experiments covered a range of soils that the users of prehistoric 

scapular tools may have contended with in the study area, several fields were chosen for 

experimentation, including modern rice fields in the village of Tianluoshan, ancient rice 

fields, and initial ground as well as anthropogenic deposits in the burial and habitation 

zones associated with the Tianluoshan and Maoshan sites. All of the ancient 

anthropogenic fields date to ca. 7,000-4,000 years ago, spanning the periods of scapular 

tool use as well as subsequent periods in the study area. The initial ground, comprised of 

Xiashu Loess, formed in advance of all these human occupations. Because dry soils in 
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ancient habitation and burial areas at Maoshan can barely be penetrated with either bone 

or stone implements (in fact, this is a difficult task even with the benefit of modern iron 

agricultural implements), they were consistently humidified throughout the experiments. 

Spraying a great deal of water on the soil surface and covering it with plastic cloth (to 

prevent evaporation) or keeping rain water on the surface for at least one day effectively 

softened the soils to a penetrable degree. Digging experiments in the ancient fields of 

Tianluoshan have never encountered penetrating difficulties because of the soils’ high 

moisture levels, as most of the experimental zones are close to or even below the current 

sea level. 

A set of experiments was conducted in each soil type, each involving paired earth-

working implements made of bone and stone used by a minimum of three skilled male 

farmers. Most pairs of earth-working implements were used in only a single soil context 

(e.g., the modern rice field at Tianluoshan village or the ancient habitation area at one site 

belonging to a single archaeological culture), and when field conditions changed, the pair 

of tools usually changed as well. This scenario is not ideal for comparing tools' techno-

functional performance characteristics across soil contexts but is a compromise serving 

another purpose of these experiments, namely, to collect use-wear patterns on 

implements generated through interaction with different soils (see Chapter 3). 

Experimental earth-working implements were replicated using local archaeological 

samples as models. Dimensional details of the experimental implements are listed in 

Table 5.1. All edges of the experimental stone implements were convex, while most 

edges of scapular implements were straight but slightly concave due to the constraints 

imposed by the natural morphology of bovine scapulae. Because of the unavailability of 
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certain raw materials when experimentations were conducted, scapulae crafted into 

experimental shovels were from modern cattle instead of water buffalo, and stone 

shovels/hoes were made from oolitic dolomite from Henan on the Central Plain of China, 

where, prehistorically, stone earth-working implements were often made from this and/or 

similar materials, but not suitable local rocks in the Ningshao Plain where most scapular 

tools are recovered. After the experiments had been completed, I conducted a geological 

survey with help from Professor Wang Yaozhong, a local geologist from the Zhejiang 

Provincial Team of Hydrogeology and Engineering Geology, and identified local rocks at 

Dadushan Mountain (part of the Cuipingshan Range) as ideal raw material for fabricating 

stone shovels/hoes, including thinly-laminated fine-grained sandstone and siltstone near 

the sites of Tianluoshan and Zishan, the core area where most prehistoric scapular tools 

have been recovered (see Chapters 2 and 4). Additional experiments were then conducted 

to evaluate difference in durability between oolitic dolomite used in the digging 

experiments and the local thinly-laminated fine-grained sandstone. 
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Table 5.1: Experimental digging implements    

Field

# 

ID Mate

rial 

Green

? 

Net_Wt 

(g) 

Hafted 

Wt. (g) 

Length 

(cm) 

Width 

(cm) 

Edge 

angle 

Edge_Morphology 

I 6002 Bone n 367.5 968 20.8 15.4 30-35 Straight, slightly uneven 

 4008 Stone  362 1029 11.7 14.9 32-36 convex 

II 6013 Bone n 248.6 843.2 18.7 11.45 22-30 straight, slightly concave 

 4003 Stone  572.7 1451.3 13.9 13 30-38 convex 

III 6011 Bone y 250 832 18.6 10.7 25-29 straight, slightly concave 

 4007 Stone  521.8 1384 12.8 12.3 39-43 slightly convex 

IV 6020 Bone y 417 1062 22.5 15.5 30-37 Straight, slightly uneven 

 4002 Stone  587.1 1520 16.8 11 28-30 convex 

V 6021 Bone n 262.9 835.5 18.38 12.9 20-22 straight, slightly concave and uneven 

 4013 Stone  700.3 1539.2 16.65 11.7 26-27 convex 

VI 6004 Bone n 311 1368 20.3 13.1 30-35 slightly concave 

 4002 Stone  587.1 1521 16.7 11 28-30 convex 

VII 6004 Bone n 312 1369 20 13.1 25 straight, slightly concave 

  4011 Stone   513.6 1461 16.7 10.9 24-28 convex 
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Each farmer participating in the experiment was encouraged to become familiar 

with the paired bone and stone implements in the particular field where the experiment 

would take place; after becoming acquainted with the tools, he was asked to complete the 

paired experiments using scapular and stone implements before passing them on to the 

next operator. In each paired experiment, the operator was asked to use the scapular 

implement first, then rest until he was comfortable before resuming with the stone 

counterpart. In the original design, the same operator would have replicated the 

experiments on another day in reverse order (i.e., stone before bone) to mitigate the 

potential effect of decreasing efficiency as the subjects became tired; however, this plan 

turned out not to be feasible, either because the participants were unwilling to tolerate the 

discomfort of using “primitive” tools again (in the case of experimentation in hard soils), 

and/or due to the limited availability of appropriate areas where experiments could be 

conducted (in the case of experimentation in archaeological deposits). During each 

experiment, the operators' heart-rates were recorded for the purpose of energy-cost 

calculation (see details below). 

Each tool was used to till (i.e., break through the soil and turn it over) or break the 

earth (regular digging) in a plot varying from 0.6 to 2 m², depending on the ease of work 

and/or available appropriate soil conditions. After each experiment, the deepest, 

shallowest, and medium depths of strokes were measured, and the volume of worked soil 

was calculated with average-depth multiplied by area. 

For a reliable measurement and comparison of tool penetration ability, only a single 

continuous push was allowed for each stroke and each push was calculated to be the best 

the operator could manage within his normal labor tolerances. The following stroke was 
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designed to hit the spot right next to the previous one with no space between the two 

broken earth points, creating a continuous worked plot for accurate measurement. 

Before each experiment, information on penetration resistance was collected in situ 

with a soil penetrometer (see details below). After each experiment, soil samples were 

collected for laboratory tests of water content and soil texture. With detailed soil 

information in hand, I attempt to mathematically determine the relationships between 

performance characteristics and their working context, in order to predict the earth-

working implements' performance characteristics in prehistoric contexts (from which the 

physical properties of soil are also measured; see Chapter 2 for details) without additional 

experiments. 

In order to determine the raw materials' wear rates in digging activities, the 

experimental earth-working implements' morphology was digitally scanned before and 

after experiments for comparison (see below). With information on wear rates, 

implements' potential use-lives were estimated. 

Measuring physical properties of worked soils 

As discussed above, the soil properties that are significant for this project include 

penetration resistance and particle size, because they may affect digging efficiency 

calculable in terms of time, energy, and/or raw material costs. 

Penetration resistance is quantified by how much force is needed to penetrate 

through a unit area of soil, for example, kilograms per square centimeter (kg/cm²). Cone 

penetrometers, originally developed by the U.S. Army Corps of Engineers to predict the 

carrying capacity of soils for military vehicles in off-road operations, have been used 

extensively in agricultural research for soil management (Bradford 1982). I employed a 
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modified cone penetrometer (Beijing Eco-Agriculture Science and Development Co. 

ECA-YL01) in my project to assess soil penetration resistance in the experimental fields. 

This hand-held digital cone penetrometer has an extended measurement range up to 150 

kg supplied with a cone 1.2 cm in diameter. When the stainless steel tip is pushed into the 

soil, the force required for penetration is displayed on the meter and recorded on a 

memory card connected to the instrument. The depth of the locus being measured can be 

read from a shaft between the meter and the cone, and is input into the memory card 

along with the value of force. Before each experiment, the soil penetration resistance 

value was measured, usually at five to ten loci per experimental plot, each to a depth of 

15 cm in rice fields or 10 cm in the harder, non-agricultural fields, sometimes at depth 

intervals of 3-5 cm. For example, at Locus 1 in plot 1, force was measured at depths of 5, 

10, and 15 cm. Afterwards, data were transferred to a computer and penetration resistance 

was calculated as averaged values of force (kg) divided by the area of the cone. 

Experiments in agricultural science suggest that penetration resistance is closely 

related to water content, that is, increasing water content decreases the value of 

penetration resistance (Martino and Shaykewich 1992). Therefore, information on water 

content along with penetration resistance was also collected in order to better estimate the 

prehistoric working contexts of earth-working implements during dry and wet seasons, in 

wet and dry lands, or at different elevations relative to associated water bodies. 

Soil water content is traditionally expressed in soil science as the ratio of the mass 

of water present in a sample to the mass of the sample after it has been dried to its 

constant weight; this is known as gravimetric water content (Gardner 1982). Soil samples 

for laboratory water content measurement were taken at the same time and in the same 
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places where penetration resistance was measured, encased in cling wrap then placed in 

sealable plastic bags in the field and transported either to the Archaeometric Lab at the 

Zhejiang Provincial Institute of Cultural Relics and Archaeology in Hangzhou or to the 

Soil Particle Size Laboratory of the College of Geographical Sciences, Fujian Normal 

University in Fuzhou. In these labs, 15-20 grams of soil from each sample were weighed, 

then oven dried for up to twelve hours at a temperature of 100°C until they reached their 

“constant weight.” Values of water content were then calculated. 

For soil texture measurement, samples were collected after each set of experiments 

from the aggregate soils broken through by the experimental implements and air dried 

before being transported to the soil lab at either the University of Arizona in Tucson or 

the Soil Particle Size Laboratory of the College of Geographical Sciences, Fujian Normal 

University in Fuzhou, for particle size analysis. The procedure for particle size analysis 

mainly followed Janitzky (1986) with slight modifications to account for lab conditions 

and the specific goals of my research. Instead of a traditional sedimentation technique 

(i.e., the classic sieve-pipette method), a procedure I developed with the assistance of Dr. 

Guoliang Lei, an expert on soil particle size analysis from Fujian Normal University, was 

used, that combines techniques of wet sieving for sand fraction and laser diffraction for 

silt and clay. These techniques are briefly summarized below. 

In the lab, soil samples (approximately 100 grams each) were ground to pass 

through a 2000 μm (2 mm) screen for the gravel fraction. In my samples, gravel fraction 

includes all relatively hard particles that could not pass through the 2000 μm screen, 

including not only regular gravel but small shards of ceramic and burned clay as well. 

Carbonates and organic matter were then removed by chemical processing from 25 g of 
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the < 2000 μm sub-samples, and then the sand fraction (particles of 63-2,000 μm) was 

separated from clay and silt by means of chemical solution, physical disaggregating 

equipment, and finally mesh sieves of 1000, 500, 250, 125, and 63 μm. Percentages of 

very coarse sand (VCOS, 1,000-2,000 μm), coarse sand (COS, 500-1,000μm), medium 

sand (MS, 250-500 μm), fine sand (FS, 125-250μm), and very fine sand (VFS, 63-

125μm) were calculated accordingly. Percentages of clay (< 4 μm) and silt (4-63 μm) 

combinations were also calculated. 

An additional 1g of each < 2000 μm sub-sample was also extracted and processed 

with a laser diffractometer (Malvern MS2000 & 2000 MU). Although the laser 

diffractometer gave results for all fractions of < 2000 μm in intervals, only those with less 

than < 63 μm (silt and clay) were read and used, after being corrected with the results 

from sieving. For example, for Soil #29, the percentage of sand fraction from sieving the 

25 g sub-sample of < 2000 μm was 29.81%; accordingly, the percentage of clay and silt 

combined should be 70.19%. However, the clay and silt combined percentage measured 

with the laser diffractometer was 87.17%, with 34.27% clay and 52.89% silt. The final 

percentages were converted to 27.6% clay (34.27/87.17x70.19) and 42.59% silt 

(52.89/87.17x70.19). This approach combined the advantages of time-efficiency and 

relatively accurate measurement from different techniques for different particle sizes (for 

detailed discussion of the advantages and disadvantages of each technique, see Eshel et 

al. 2004; Ramaswamy and Rao 2006; Rodríguez and Uriarte 2009). Although the 

calculation of fraction percentages by the sieving technique is based on weight while 

laser diffraction is based on volume, the convergent results served my research purposes 

very well. 
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Seven different fields were included in my digging experiments; their soil 

properties are summarized in Table 5.2. 

Field I was located at the modern village of Tianluoshan, where 62 scapular tool 

fragments have been uncovered, dating to approximately 6,000 to 7,000 years ago (for 

more details about this site and the scapular tools discovered there, please see Chapters 2 

and 3). The field has been used for growing rice in recent times. Penetration resistance 

was extremely low, 0.8 kg/cm² on average based on 60 tests at 20 loci within the 

experimental area, with three measurements of each at depths of 5, 10 and 15cm from the 

surface. Experiments were conducted during the summer, between rice seasons, with wild 

grasses growing in the field. Water content exceeded field capacity (too wet for tillage) 

and was measured in the lab at 68.1%, well below the actual water content due to water 

reduction when the soil sample was collected and wrapped. The final water content value 

was subjectively determined to be >71% in comparison to that of Field II. Although the 

experiments were conducted in a rice field, the results are more useful for estimating 

regular digging performance characteristics, for soil this wet and soft does not need to be 

tilled at all; however, to construct pile-dwellings and wet-type storage pits more than 

6,000 years ago on swampy lowlands with coastal sediments as the initial ground, people 

may have had to dig through soils with similar penetration resistance values (see Chapter 

2). 
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Table 5.2: Cultural contexts and physical properties of soil in experimental fields 

Field

# 

Context Location Date 

(k.y.a.) 

PR 

(kg/cm2) 

WC (%) Gravel

% 

Sand

% 

Silt

% 

Clay

% 

Texture Type 

I Rice Field TLS1 Modern 0.8 > 712 2.87 10.8 67.1 22.1 Silt Loam 

II Rice Field TLS Modern 2.3 70.7 0.07 6.7 69.4 23.9 Silt Loam 

III Rice Field TLS 4.2-5.3 2.83 62.7 0 0 72.1 27.9 Silty Clay Loam 

IV Rice Field MS4 4.5 4.7 33.7 0.1 2.6 69.3 28.1 Silty Clay Loam 

V Habitation Area TLS 6.5 9.8 56.9 0.17 21.3 55.4 23.3 Silt Loam 

VI Xiashu Loess MS > 6.8 22.6 22.9 0 5.3 61 33.9 Silty Clay Loam 

VII Babitation & Burial Zones MS 6 26.4 21.1 0 17.9 65.4 16.7 Silt Loam 

Note:  
1. TLS = The Tianluoshan site or the modern Tianluoshan village, Ningbo City, Zhejiang, China. 
2. The number measured was 68.1, but the actual WC was much higher because the soil was saturated with flowing surface water, and it was impossible 
to encase the soil well in cling wrap, so the WC was reduced significantly when the soil sample was collected.  
3. This PR value was originally measured at 1.75/16-4/16 kg/cm2 by a pocket penetrometer before a more reliable cone penetrometer was deployed; the 
earlier figure was evidently inaccurate. A value of 2.8 was arbitrarily estimated afterward according to the soil's hardness compared with those in Fields I, 
II, and IV, by removing the denominators (16) of the original measurements and averaging the final results.  
4. MS = The Maoshan site, Hangzhou City, Zhejiang Province, China. 
Gravel% was calculated as percentage of gravel of total soil. Sand%, silt%, and clay% were calculated as percentage of < 2000 µm fraction.
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Field II was in the same general area as Field I. The soil texture was basically the 

same as soils from Field I, with slightly different percentages of each particle group, 

probably reflecting a matter of sampling. It was much drier than Field I when the 

experiments were conducted. Penetration resistance was 2.3 kg/cm² on average, based on 

90 tests at 90 loci within the experimental area, with measurement of each at depths of 7-

15 cm from the surface. The experiments were conducted in December, immediately 

following the winter rice harvest, with many fresh rice roots and stems but few wild 

grasses growing. According to the farmers involved in the experiments, the field would 

be in better condition for tillage if we waited until after the roots and stems rotted and 

could be easily cut through. 

Field III was an ancient rice field at the site of Tianluoshan, belonging to the 

Liangzhu Culture (TLSIIIT503⑤ and TLSIIIT400⑤). The soil was a silty clay loam. 

Penetration resistance was originally measured by a pocket penetrometer at 1.75/16-4/16 

kg/cm² before a more reliable cone penetrometer arrived; the earlier figure was evidently 

inaccurate. A value of 2.8 was estimated afterwards, according to the soil's compaction 

compared to those in Fields I, II and IV, basically by removing the denominators of the 

original measurements and averaging the final results. When the experiments were 

conducted, the soil was extremely moist; sometimes water was squeezed out when earth-

working implements impacted and penetrated the surface. 

Field IV was another ancient rice field belonging to the Liangzhu Culture at the site 

of Maoshan (MSTS1W30⑦). The soil was a silty clay loam. When experiments were 

conducted, water content was 33.7%, and penetration resistance was 4.8 kg/cm² on 

average, based on 54 tests at depth of 10-15 cm from the surface. 
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Field V was in a habitation area of the Tianluoshan site used during Hemudu 

Cultural Stage II. The soil sample was collected in a spot close to many pole-pits. Hard 

rocks (with diameters large than 10 cm) and weathered rocks were scattered in the field, 

on average, 2-3 rocks in each experimental plot. The soil's texture and compaction were 

patchy, with small intersectant soft and hard plots. According to in situ observation, the 

varied compaction was related to varied texture (and color) rather than to water content. 

Samples of both the soft soil and the hard soil were collected; the texture presented in 

Table 5.2 was an average of the two samples. Penetration resistance was 9.8 kg/cm² on 

average, with 11.77 kg/cm² for the hard soil, based on 84 tests at 84 loci, and 7 kg/cm² for 

the softer soil, based on 72 tests undertaken at 72 loci, with measurement of each at 

depths around 10 cm from the surface. 

Field VI was on the Xiashu Loess, the initial ground of the habitation and burial 

zones at Maoshan (MST0533 beneath ⑥, or Layer 6). Prehistorically, soil was dug 

through intermittently for construction of graves and pits. The soil type was a silty clay 

loam with no gravel present. It was compacted and hard to dig through when dry. But 

during rains it softened, and penetration resistance values fell to around 22.6 kg/cm² 

when water content was 22.9%, calculated on an average of 218 measurements. 

Field VII was in a habitation and burial area (MST0533⑥) dating to around 6,000 

years ago (belonging to the Majiabang culture) at the site of Maoshan. The soil was 

extremely compacted and nearly impenetrable with either bone or stone tools when it was 

dry. Even with iron hoes, it was difficult breaking through this deposit when it was dry. 

The soil did not absorb much water (e.g., after heavy rains, water stayed in surface 

depressions in this deposit for days without much being soaked up), but rain did soften it 
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quite well. Its penetration resistance exceeded 50 kg/cm² when the soil was dry but 

decreased to about 26 kg/cm² after water had stayed on the surface for a single day. 

Digging experiments were conducted between rains, when water content was 21.1%, and 

the value of penetration resistance decreased to around 26.4 kg/cm², based on 96 

measurements. The soil type was determined to be silt loam. 

With experiments conducted in Fields I through VII, earth-working implements 

made from scapulae and stone were subjected to a range of soils, from those with 

extremely low penetration resistance to those with possibly the highest penetration 

resistance values the implements could penetrate. A range of soil textures varying from 

silt loam to silty clay loam was also in evidence. The cultural contexts of the soils 

included rice fields and habitation and burial zones. The experiments included both tilling 

and regular digging in appropriate fields.  

Measuring energy costs 

Measuring oxygen consumption is an ideal method for estimating the energy costs 

of aerobic activities (Fedak et al. 1981); however, instrumentation for measuring oxygen 

consumption is expensive and impractical to use in the fields where the digging 

experiments were conducted. The alternative, a heart rate-based caloric consumption 

calculation that I employed in my research, was suggested by Professor David Raichlen, 

a biological anthropologist specializing in human energetics at the University of Arizona 

(D. Raichlen, personal communication, 2011). While performing physical activities (in 

this case, digging), muscles must burn calories to fuel their contractions, a process 

requiring oxygen, and the delivery of oxygen through the bloodstream to active muscle 

cells is directly related to heart rates. The linear correlation between heart rate intensity 
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and oxygen consumption related to aerobic activities allows calculation of energy costs 

(i.e., calories burned) based on heart rates. Since heart rates may also be influenced by 

other factors, such as emotional state and body temperature, strategies were employed to 

minimize these effects. For instance, each paired experiment was usually finished within 

a relatively short period of time so that the subjects' body temperature and emotional state 

were maintained as closely as possible. Before each experiment, the author spent time 

with every participant, familiarizing him with the equipment, the implements, and the 

work environment, and removed whatever distractions might potentially affect the 

participant's emotional state (e.g., the presence of women and others who might comment 

on his capabilities and ridicule them). 

During activity, the operators' heart rates were recorded with a Polar RS800CX 

monitor every five seconds. At the end, these data were transferred to a Polar program 

installed in a computer and calories burned were automatically calculated based on the 

operator's heart rates with respect to sex, age and weight. 

Based on detailed records of digging depths, area, volume, time and calorie costs 

for completing a unit plot of tilling or regular digging, various performance 

characteristics were evaluated, such as calorie and time costs for tilling a square meter 

(kcal/m² and hr/m²) and/or for digging up a cubic meter (kcal/m³ and hr/m³) of soil. Both 

tilling and regular digging efficiency were calculated with data generated from 

experiments in Fields II, III, IV (modern and ancient rice fields), and V (an ancient 

habitation and burial zone associated with the Tianluoshan site), assuming that, in 

prehistory, the penetration resistance values of these soils could have been in the range of 

both agricultural and non-agricultural fields in this area. However, data generated from 
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experiments in Fields I (a modern rice field), VI and VII (ancient habitation and burial 

zones associated with the site of Maoshan) are useful only for assessing regular digging 

activities because the soil in Field I was too wet/soft for tillage, while the soils in Fields 

VI and VII were too compacted for crops to grow, meaning tilling activities would hardly 

have taken place in such soils. Time and energy costs of digging activities are 

summarized below; implement preferences of the experimental subjects are also listed 

(Table 5.3). It is evident that the costs of digging activities varied considerably from 

person to person; for instance, Operator 6 expended twice as much energy and time (353 

kcal, 0.77 hour) as Operator 5 (150 kcal, 0.38 hour) in digging up one cubic meter of soil 

in Field III with a stone shovel (Table 5.3). 

In order to obtain a practical sense of energy costs, several operators' energy 

expenditures for normal walking or casual activities as well as for digging with iron hoes 

or tilling with iron shovels were also measured, and these were compared to energy costs 

for digging with stone and bone shovels (Table 5.4). For instance, 1000 kcal could 

support Operator 13 walking 8.5 hours, digging up 0.57 m³ of soil with a stone shovel, 

0.23 m³ with a bone shovel, or 2.75 m³ with an iron hoe in Field VII. In Field VI, he 

could dig up 0.65 m³ with a stone shovel or 0.28 m³ with a bone shove. For Operator 8, 

1000 kcal would be enough to dig up 2.19 m³ soil in Field IV with a stone shovel, 2.24 

m³ with a bone shovel, or 7.78 m³ with an iron hoe. If he tilled in Field IV, 1000 kcal 

would be enough for 38 m² to a depth of 5.7 cm with a stone shovel, 53 m² to a depth of 

4.3 cm with a bone shovel, or 111 m² to a depth of 7 cm with an iron shovel. 
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Table 5.3: Time and energy costs of digging activities and the participants' preferences for implements 

Field# ID Age Imple-

ment 

Area 

(m²) 

Soil PR 

(kg/cm²) 

Dep. 

(cm) 

Time 

(sec.) 

Energy 

(Kcal) 

Digging 

energy-eco. 

(kcal/m³) 

Digging 

time-eco. 

(hr/m³) 

Tilling 

energy-eco. 

(kcal/m²) 

Tilling 

time-eco. 

(hr/100m²) 

Pref.1 

I 1 63 Ss2 2  9.5 198 28 147 0.29   Bs 

   Bs3 2  12.5 185 25 100 0.21    

 2 52 Ss 2 0.27 11.7 299 38 162 0.35   Bs 

   Bs 2 0.8 12.5 222 34 136 0.25    

 3 64 Ss 1.98  7.6 172 15 100 0.32   ? 

   Bs 1.98 0.33 9 186 17 95 0.29    

 4 47 Ss 2 1.57 10 133 18 90 0.18   No 

   Bs 2 0.88 11.2 161 22 98 0.20    

 5 62 Ss 2 0.51 8.7 280 22 126 0.45   Bs*1&2 

   Bs 2 0.4 11 245 21 95 0.31    

 6 64 Ss 2 1.7 8 188 17 106 0.33   Bs*1 

   Bs 2 0.76 13 216 26 100 0.23    

II 2 52 Ss 2  13.9 229 38 137 0.23 19.0 3.18 Ss*1 

   Bs 2  11.54 229 40 173 0.28 20.0 3.18  

 5 62 Ss 2 2.19 10.4 304 29 139 0.41 14.5 4.22 Ss*1 

   Bs 2 2.19 8.1 310 28 173 0.53 14.0 4.31  

 6 64 Ss 2 2.18 9.1 211 24 132 0.32 12.0 2.93 No 

   Bs 2 2.18 8.9 290 30 169 0.45 15.0 4.03  

 19 61 Ss 2 2.44 10.64 199 30 141 0.26 15.0 2.76 Ss*1 

   Bs 2 2.44 14.8 232 34 115 0.22 17.0 3.22  

 20 74 Ss 2 2.33 9.26 203 33 178 0.30 16.5 2.82 Bs 

   Bs 2 2.7 15.6 238 35 112 0.21 17.5 3.31  

III 5 62 Ss 1  10 135 15 150 0.38 15.0 3.75 Ss*2 

   Bs 1  9.5 193 19 200 0.56 19.0 5.36  

 6 64 Ss 1 3.5 8.5 237 30 353 0.77 30.0 6.58 Bs*1 

   Bs 1 3.1 9 105 24 267 0.32 24.0 2.92  

 7 49 Ss 1 1.75 9.6 189 19 198 0.55 19.0 5.25 No 

   Bs 1 2.8 9.5 169 18 189 0.49 18.0 4.69  

IV 8 63 Ss 1 3.6 5.7 217 26 456 1.06 26.0 6.03 Ss*3 

   Bs 1 3.4 4.25 169 19 447 1.10 19.0 4.69  

 9 62 Ss 1 8.18 5.5 285 32 582 1.44 32.0 7.92 Bs*3 

   Bs 1 4.67 4.8 252 29 604 1.46 29.0 7.00  

 10 59 Ss 1 3.86 8.3 231 23 277 0.77 23.0 6.42 Ss*4 
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Field# ID Age Imple-

ment 

Area 

(m²) 

Soil PR 

(kg/cm²) 

Dep. 

(cm) 

Time 

(sec.) 

Energy 

(Kcal) 

Digging 

energy-eco. 

(kcal/m³) 

Digging 

time-eco. 

(hr/m³) 

Tilling 

energy-eco. 

(kcal/m²) 

Tilling 

time-eco. 

(hr/100m²) 

Pref.1 

   Bs 1 4.95 6.4 235 24 375 1.02 24.0 6.53  

 11 72 Ss 1 4.2 7.2 259 20 278 1.00 20.0 7.19 Bs*4 

   Bs 1 4.33 4.7 316 29 617 1.87 29.0 8.78  

 12 65 Ss 1 3.76 3.2 262 38 1188 2.27 38.0 7.28 Ss*5 

   Bs 1 5.57 2.5 262 35 1400 2.91 35.0 7.28  

 13 61 Ss 1 4.79 5.2 313 43 827 1.67 43.0 8.69 No 

   Bs 1 4.6 4.4 295 34 773 1.86 34.0 8.19  

V 2 52 Ss 1.1 8.87 7.8 240 31 361 0.78 28.2 6.06 Ss*2&3 

   Bs 1.1 10.85 7.7 251 38 449 0.82 34.5 6.34  

 5 62 Ss 1.1 9.18 6.4 166 9 128 0.65 8.2 4.19 Ss*3&6 

   Bs 1.1 10.04 4.8 217 13 246 1.14 11.8 5.48  

 6 64 Ss 1.1 12.69 5.8 228 24 376 0.99 21.8 5.76 Ss 

   Bs 1.1 7.98 7 206 24 312 0.74 21.8 5.20  

 19 61 Ss 1.1 12.22 6.7 184 23 312 0.69 20.9 4.65 Ss*3 

   Bs 1.1 9.2 5.7 218 26 415 0.97 23.6 5.51  

 21 43 Ss 1.08 8.09 11.6 228 25 200 0.51 23.1 5.86 Ss*2&3 

   Bs 1.1 9.24 7.9 167 18 207 0.53 16.4 4.22  

VI 13 61 Ss 0.6 26.31 2.8 262 26 1548 4.33   Ss*4 

   Bs 0.6 25.13 2.5 518 53 3533 9.59    

 15 74 Ss 0.6 18.57 3 301 30 1667 4.65   Ss 

   Bs 0.6 22.69 1.6 364 34 3542 10.53    

 16 73 Ss 0.6 26.45 4 543 80 3333 6.28   Ss*3 

   Bs 0.6 24.82 2.5 546 54 3600 10.11    

 17 75 Ss 0.6  2.5 398 40 2667 7.37   Ss*2 

   Bs 0.6 23.02 2.4 456 43 2986 8.80    

 18 77 Ss 0.6 14.2 3 382 50 2778 5.90   Ss 

   Bs 0.6 22.21 2 520 54 4500 12.04    

VII 12 65 Ss 0.6 30.44 2.6 186 26 1667 3.31   ? 

   Bs 0.6 27.42 2.1 302 44 3492 6.66    

 13 61 Ss 0.6  3.3 311 35 1768 4.36   Ss 

   Bs 0.6  1.5 318 40 4444 9.81    

 14 65 Ss 0.6 23.85 2 542 65 5417 12.55   Ss 

   Bs 0.6 24.41 1.8 810 103 9537 20.83    

 15 74 Ss 0.6 25.83 2.5 321 51 3400 5.94   Ss 
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Field# ID Age Imple-

ment 

Area 

(m²) 

Soil PR 

(kg/cm²) 

Dep. 

(cm) 

Time 

(sec.) 

Energy 

(Kcal) 

Digging 

energy-eco. 

(kcal/m³) 

Digging 

time-eco. 

(hr/m³) 

Tilling 

energy-eco. 

(kcal/m²) 

Tilling 

time-eco. 

(hr/100m²) 

Pref.1 

   Bs 0.6 26.35 0.5 235 33 11000 21.76    

 16 73 Ss 0.6  2.8 568 57 3393 9.39   Ss 

      Bs 0.6   2.1 485 81 6429 10.69       

Notes: 1. Pref. = implement preference; 2. Ss = stone shovel; 3. Bs = bone shovel. 
Reasons for implement preference: Bs*1 = sharper (better penetration);  Bs*2 = lighter; Bs*3 = smoother, similar to using an iron spade; Bs*4 = wider 
edge compared to Ss. Ss*1 = better cutting (through roots and grass), Ss*2 = labor-saving; Ss*3 = sharper (better penetration); Ss*4 = bone's too light; 
Ss*5 = the bone implement's edge was uneven; Ss*6 = the scapular tool naturally curved toward the edge, prohibiting it from penetrating deeply. 

 
 

Table 5.4: What activities can 1000 kcal support? 

 

Note: 
1. Ss = stone shovel; 2. Bs = bone shovel; 3. Is = iron shovel; 4. Ih = iron hoe.   
Operator 2’s casual activities included carrying several modern and experimental tools while talking and walking; Operating 19’s included carrying two 
experimental bone and stone digging tools while walking; Operator 6’s included talking and smoking at rest and slow walk in summer for 4.74 hours, and 
slow walk, talking, and driving a motorcycle in winter for 6.8 hours.
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Measuring raw material costs (wear rates) 

The ultimate goal of measuring raw material costs is to estimate the use-lives of the 

implements. For this specific project, the raw material cost of digging activities was 

calculated as the value of the worn-down area (cm²) of the spades divided by the mass of 

soil removed (m³), indicating how much of the implement material was consumed by 

moving a cubic meter of soil. This is also called wear rate, based on which use-lives of 

earth-working implements made from stone and cattle scapulae were estimated (see 

details below). 

The tool's worn-down area, rather than the worn-down mass or weight lost, was 

used in the calculation of raw material cost, because the latter two measurements were 

either impractical or unreliable. Measuring the mass of material being worn down 

through use was impractical because precise, three-dimensional recording instruments 

were not available when the experiments were conducted. Measuring the materials' 

weight lost through use would have been unreliable because it was so subtle that any 

changes in moisture levels of the implements (especially the bone implement) and any 

amount of soil retained after use in tiny cracks and apertures in the implements might 

significantly affect the results. As a compromise, the worn-down raw material was 

measured by two-dimensional morphological differences before and after use, namely, 

the worn-down area, quantified as square centimeters (cm²). Before and after the 

experiments, the earth-working implements were digitally scanned and morphological 

differences were compared by superimposing the images before and after use and 

delineating worn-down areas with Adobe Photoshop® (Fig. 5.2).  
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Figure 5.2: Delineating areas worn down by use. 
1. Morphological differences in #6004 before and after experimentation in Field VI. The grey along the edge 
indicates the area worn down from use; 2. A closer view of the edge of #6004; 3. Morphological differences 

in #4002 before and after experimentation in Field VI; the green along the edge indicates the area worn 
down from use; 4. A closer view of the edge of #4002. 

 

Experimental implements used in the paired experiments for the purpose of 

measuring energy and time costs were not always worn down to a measurable extent; 

therefore, after the paired experiments, some of the implements continued to be used until 

they were measurably worn down. For example, stone shovel #4002 continued to be used 

for a total of 2.75 hours in Field IV. Detailed information on raw material costs, i.e., raw 

material wear rates, is presented in Table 5.5.  
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Table 5.5: Material costs (material wear rates) of digging 

Field# PR  

(kg/cm²) 

Implement Material Time 

(hr) 

Soil 

removed 

(m³) 

Worn-

down area 

(cm²) 

Wear rate 

(cm²/m³)1 

I  6002 Bone 0.338 1.38 too subtle to be measured 

  4008 Stone 0.353 1.11 too subtle to be measured 

II 2.4 6013 Bone 2.485 6.39 0.16 0.025 

 2.3 4003 Stone 4.021 10.70 0.14 0.013 

III 2.9 6011 Bone 0.13 0.28 0.02 0.080 

 2.6 4007 Stone 0.156 0.28 0.06 0.041 

IV 4.6 6020 Bone 0.425 0.27 1.36 4.607 

 4.7 4002 Stone 2.75 0.87 3.05 1.774 

V 9.5 6021 Bone 0.327 0.37 7.29 19.181 

 10.2 4013 Stone 0.305 0.42 1.17 > 2.7822 

VI 23.6 6004 Bone 0.668 0.07 1.10 15.690 

 21.4 4002 Stone 1.149 0.21 1.55 7.360 

VII 26.06 6004 Bone 0.597 0.05 2.00 40.097 

  26.7 4011 Stone 0.536 0.08 0.66 8.202 

Note:  
1. Wear rate (cm²/m³) indicates how much area was worn down from the edge by digging up one cubic 
meter of soil.  
2. A value of 2.782 cm²/m³ under estimated the wear rate due to a failure of experimental control when one 
operator avoided edge damage from the stone implement (see below). 

 

Statistical analyses and results 

Comparing time and energy costs of digging with bone and stone implements 

Because time and energy costs of digging activities varied greatly from person to 

person, paired-sample comparisons instead of regular comparisons of central tendencies 

were employed to evaluate the differences between stone and scapular implements' 

performance characteristics. An analysis of matched pairs was run for each set of 

experiments to calculate the median differences of depth, time and energy efficiency 

between the paired stone and bone implements, using a statistical program (JMP 

Statistical Discovery Software®), and the significance was tested with Wilcoxon's 

Signed-rank Test (Table 5.6). 
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Table 5.6: Mean-differences of paired bone and stone implements' time and energy economy in operation 

Field# Task PC1 Bs2_Mean Ss3_Mean MD4 W Z p N Strong Pref.5 

I Regular digging hr/m³ 0.25 0.32 -0.072 5 -9.5 0.0313 6 No, although bone 

was consistently 

preferred.  
 

kcal/m³ 104.00 121.83 -17.83 5 -7.5 0.0781  

II Regular digging hr/m³ 0.34 0.30 0.034 4 3.5 0.2188 5 

No 

  kcal/m³ 148.40 145.40 3 4 1.5 0.4063  

 Tillage Dep. (cm) 11.79 10.66 1.128 4 1.5 0.4063 5 

  kcal/m² 16.70 15.40 1.3 4 6.5 0.0625  

  hr/100m² 3.61 3.18 0.428 4 5 0.0625  

III Regular digging hr/m³ 0.46 0.57 -0.11 2 -1 0.375 3 

  kcal/m³ 218.67 233.67 -15 2 -1 0.375  

 Tillage Dep. (cm) 9.33 9.37 -0.033 2 -0.5 0.5 3 

  kcal/m² 20.33 21.33 -1 2 -1 0.375  

  hr/100m² 4.32 5.19 -0.87 2 -1 0.375  

IV Regular digging hr/m³ 1.70 1.37 0.335 5 10.5 0.0156 6 

  kcal/m³ 702.67 601.33 101.33 5 6.5 0.1094  

 Tillage Dep. (cm) 4.51 5.85 -1.342 5 -11 0.0156 6 

  kcal/m² 28.33 30.33 -2 5 -4 0.25  

  hr/100m² 7.08 7.26 -0.177 5 -1.5 0.4063  

V Regular digging hr/m³ 0.84 0.72 0.116 4 4.5 0.1563 5 

Stone 

  kcal/m³ 325.80 275.40 50.4 4 5.5 0.0938  

  hr/m³ 1.07 0.71 0.36 2 3 0.125 36 

  kcal/m³ 389.00 267.00 122 2 3 0.125  

 Tillage Dep. (cm) 6.62 7.66 -1.04 4 -4.5 0.1563 5 

  kcal/m² 21.62 20.44 1.18 4 1 0.4375  

  hr/100m² 5.35 5.30 0.046 4 0.5 0.5  

  Dep. (cm) 5.77 6.97 -1.2 2 -3 0.125 36 

  kcal/m² 23.30 19.10 4.2 2 3 0.125  

  hr/100m² 5.78 4.97 0.81 2 3 0.125  

VI Regular digging hr/m³ 10.21 5.71 4.508 4 7.5 0.0313 5 

  kcal/m³ 3632.20 2398.60 1233.6 4 7.5 0.0313  

VII Regular digging hr/m³ 13.95 7.11 6.84 4 7.5 0.0313 5 

    kcal/m³ 6980.40 3129.00 3851.4 4 7.5 0.0313   
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Note:  
1. PC = Performance characteristics; 2. Bs = bone shovel; 3. Ss = stone shovel; 4. MD = mean-difference; 5. “Strong” means consistent and firm, 
expressed as “It has to be this one,” contrasting to a “weak” preference expressed like “This one works better, but the other one is ok, too.” 6. Operators 6 
& 21 excluded.
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In Field I, the softest soil matrix, the bone implement functioned significantly better 

for regular digging in terms of time-economy (MD = 0.07, W = 5, Z = 9.5, p = 0.0313). 

Although it appeared to also function better in energy-economy, the difference was not 

statistically significant (MD = 17.83, W = 5, Z = 7.5, p = 0.0781). The operators' 

preferences (Table 5.3) were quite consistent with the statistical results: four out of five 

operators who commented on the implements preferred bone, for its light weight and/or 

“sharpness” (see below). One operator expressed no preference. 

Although digging itself was quite easy in Field I, the concomitant activity of 

walking along the digging plot while working was difficult and probably consumed much 

more energy than digging alone. When standing in this field, the operators' feet easily 

became mired in the soft, sticky soil and so that it must have taken much more energy 

than usual to move through the experimental plot while digging. Because of additional 

stress generated by maintaining body balance, some operators were very sensitive to the 

differences between the bone and stone implements, even very subtle differences in 

weight (e.g., 968 vs. 1029 g when hafted). In cases like these, performance characteristics 

such as overall weight may become significant in raw material choice if the costs of 

manufacturing and maintenance as well as raw material consumption are close to 

equivalent (see Chapter 4 for details). 

The operators' comments on a tool's “sharpness” referred to one tool's better 

penetration ability in comparison to another based on subjective judgments rather than on 

accurate observation. Although bone shovels were perceived as “sharper” than stone 

shovels in Fields I and III, they were perceived as “blunter” when digging in Fields V, VI 
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and VII, regardless of the implements' exact edge angles and how sharp they were 

compared to one another. 

Experimental results from Field II showed no patterns between stone and bone 

shovels (Table 5.3). Results from Operators 2, 5, and 6 were completely opposite of those 

from Operators 19 and 20 for regular digging. For example, it cost Operators 2, 5, and 6 

less energy and time to excavate one cubic meter of soil with a stone implement than a 

bone one, and they penetrated the soil more deeply with a stone shovel on each stroke. In 

contrast, Operators 19 and 20 dug better with a bone shovel. Time and energy efficiency 

of tillage using bone and stone implements were quite close regardless of the individual. 

Interestingly, Operator 19, who worked better with a bone implement, expressed a slight 

preference for a stone one, suggesting that the differences in time and energy efficiency 

between bone and stone implements, if there were any at all, were too subtle to be noticed 

by tool users.  

The operators did not express clear preferences for either material. The only 

operator who preferred bone could not adequately explain the reason why he thought that 

material was better. Although three out of four operators who commented on the 

implements preferred stone because of its ability to cut through live or fresh roots and 

grasses in the soil, they also pointed out that in reality farmers would not till their fields 

until after the roots and stems rotted and could be easily cut through, in which case bone 

certainly could work as well as stone. In fact, in December 2010, one year before these 

experiments were conducted, pilot experiments were conducted in the same field, with 

Operators 5 and 6 involved. It was then about a month and two heavy snows after winter 

harvest, and roots and stems were rotted; both Operators 5 and 6 expressed their 
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preferences for the bone implement for its “sharpness,” after repeating paired 

experiments four times respectively and tilling 72 m² in total in the field with an average 

depth of around 10 cm, regardless of the fact that the stone implement worked slightly 

better than bone in time-economy of digging in most of their paired experimentation 

(although energy consumption was not yet clear). 

Experimental results from Field III also showed no patterns between stone and 

bone shovels. For instance, Operator 5's experimental results are the polar opposite of 

those of Operator 6. Operator 5 expended about 33% more energy (200 vs. 150 kcal) and 

47% more time (0.56 vs. 0.38 hr) to excavate one cubic meter of soil with a bone than a 

stone implement, or 27% more calories (1900 vs. 1500 kcal) and 43% more time (5.36 

vs. 3.75 hr) to till one hundred square meters of rice field to depths of 9.5-10 cm. In 

contrast, Operator 6 expended about 24% less energy (267 vs. 353 kcal) and 58% less 

time (0.32 vs. 0.77 hr) with the bone implement than with the stone variant to dig up one 

cubic meter of soil, or 20% less energy (2400 vs. 3000 kcal) and 56% less time (2.92 vs. 

6.58 hr) to till one hundred square meters of rice field to depths of 8.5-9 cm. The 

operators themselves felt the differences between the two implements during operation, 

and Operator 5 showed his preference for stone while Operator 6 preferred bone (Table 

5.3), although these differences are likely individual rather than universal. A third 

operator used the same pair of implements almost equally well and expressed no 

preference. Limited by the area available for this set of experiments, the sample size is 

small (n = 3); however, it is safe to conclude that stone and bone were equally likely to 

have been adopted for earth work in such fields, if the decision was simply based on the 

implement's penetration ability, and time and energy efficiency in operation. 
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In Field IV, the stone implement performed significantly better in time-economy 

terms (MD = 0.34, W = 5, Z = 10.5, p = 0.0156, N = 6) for regular digging. As a tilling 

implement, stone is significantly better for penetrating soil as well (MD = 1.34, W = 5, Z 

= 10.5, p = 0.0156, N = 6). But there were no other significant patterns of difference 

between the two materials regarding tilling economy in terms of time and energy, or 

digging economy in terms of energy. In practice, the subjects showed no pattern of 

preference. The better penetration of the stone implement, although statistically 

significant, was noticed by only one operator out of six. The operatiors’stated reasons for 

their preferences for stone instead focused on the deterioration of the bone shovel (e.g., 

edge evenness) more than on any intrinsic property of stone. This may imply that bone 

could have been preferred if the bone shovel had been in better shape. Observations about 

positive features of the bone shovel included smoother surface (thus encountering less 

frictional resistance when penetrating) and wider edge, which are essential advantages of 

scapular material, especially from older and more energetic animals. Certainly stone 

shovels could be made smoother and broader-edged, but the processes would require 

larger pieces of raw material, craftspeople with better knapping skills, and investment of 

more time in the manufacturing process.  

Interestingly, the “lightness” of the bone implement was regarded as an advantage 

by one operator but as a disadvantage by another, suggesting that preferences based on a 

tool's portability or ease of use are due more to individual taste than anything essential in 

this case. 

There was a clear distinction between how well the implements worked in Fields V, 

VI, and VII. The stone implement worked consistently better than the bone variant, a fact 
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which all participants noted right away. Without a single exception, the stone shovels 

were preferred in all three fields. 

In Field V, the stone implement was preferred by all five operators, who perceived 

it as labor-saving since they saw it as offering better penetration and/or an ideal 

morphology. The natural curved morphology of cattle scapulae prohibited them from 

penetrating deeply in hard soil like this. Experimental results from Operators 2, 5, and 19 

(Table 5.3) suggested that the stone shovel worked better in terms of digging economy of 

time and energy. (For time-economy, MD = 0.36, W = 2, Z = 3; for energy economy, MD 

= 122, W = 2, Z = 3. The p values are both 0.125; though not statistically significant in 

conventional terms, it is the best possible result for a sample size as small as three). To 

test a bigger sample, I combined the results with those from Field VI and not surprisingly 

the difference became significant when the sample size was increased to eight, with a p 

value decreased to 0.0039). Numeric results from Operators 6 and 21 showed otherwise, 

with the bone implement working better than the stone one (Table 5.3), but those data 

were not reliable due to failures of experimental controls. The paired experiment of bone 

and stone implements undertaken by Operator 6 were conducted on different days in two 

plots that were not close to each other and in which the soil penetration resistance 

differed significantly. The average soil penetration resistance in the plot where the stone 

implement was used was 12.7 kg/cm², while in those dug through with the bone shovel it 

was only 8 kg/cm². In fact, on the first day after Operator 6 tested both tools and before 

he conducted the real experiments in the relatively hard soil, he insisted that the bone 

implement should not be used in soils as hard as those in Field V at all and refused to 

employ it. Although he did conduct experiments with both tools on that day, his 
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performance with the bone shovel was so poor that I suspected that he did not take the 

experiment seriously and the soil he loosened and moved was not measured at all (by 

subjective estimation, the amount of soil moved was less than 0.01 m³ in 2.6 minutes 

with a calorie consumption of 14 kcal). He was asked the next day to repeat the 

experiment with the bone implement alone and data were collected; however, by then the 

harder-packed soils had been removed by previous experiments and so the results were 

actually not comparable to his previous experiment with the stone implement. Operator 

21 was an archaeological technician, proficient at excavation, although naïve about such 

experiments and yet he identified himself as an expert because he had watched other 

persons doing it (albeit from a long distance) and he had his own understanding, which, 

interestingly, turned out to differ from what the author expected. He started his paired 

experiment with the bone implement and noticed edge damage resulting from 

occasionally hitting small rocks; consequently, when he dug with the stone implement he 

tried as best he could to avoid edge damage, which he believed was what the author 

wanted. His adjusted behavior no doubt led to higher time and energy investments for 

completing a unit plot of digging than if he had acted more spontaneously. In any event, 

both Operators 6 and 21 expressed firm preferences for the stone shovel. 

Soil in Field V, although relatively hard, seemed tillable; the operators penetrated it 

to depths of 8-12.7 cm by a single stroke. Stone performed better than bone as tilling 

implements working in Field V in terms of penetration ability (MD = 1.2, W = 2, Z = 3) 

and time and energy economy (for time economy, MD = 0.81, W = 2, Z = 3; and for 

energy economy, MD = 4.2, W = 2, Z = 3). Again, the p values are 0.125; the best 

possible result for a sample size as small as three.  
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Soils in Fields VI and VII were much harder than those in Fields I through V and 

were unlikely to have been used for agricultural purposes. In these contexts the most 

likely earthwork would have been for the purposes of construction, such as pits for 

housing, storage, or burial, or for canals and reservoirs. Therefore, only worked volume 

was considered as an indicator of digging efficiency, not worked area. In fact, tillage 

proved not to be feasible: neither stone nor bone implement penetrated the soil deeply 

enough for growing crops; with each stroke, the implements penetrated to a depth of less 

than 4 cm, often only 2-3 cm.  

In Fields VI and VII, the operators complained about the bone shovel, proposing 

that it should not be used at all, especially in Field VII; statistically, stone shovels dug 

consistently and significantly better than their bone counterparts. 

In Field VI, digging with stone cost 79% less time and 51% less energy. On 

average, moving a cubic meter of soil required 10.21 hours or 3,632 kcal with a bone 

shovel but only 5.71 hours or 2,398 kcal with a stone implement (W = 4, Z = 7.5, p = 

0.0313, N = 5). The differences in Field VII were extreme: the stone shovel required 96% 

less time, and 123% less energy than the bone shovel to penetrate and loosen the same 

amount of soil. On average, 13.95 hours or 6,980 kcal were needed to move one cubic 

meter of earth with a bone shovel, but only 7.11 hours or 3129 kcal were needed to move 

the same volume of soil with a stone implement (W = 4, Z = 7.5, p = 0.0313, N = 5).  

Stone implements also have an additional advantage over bone implements when 

working in soils as compacted as those in Fields V, VI, and VII: they may be hafted as 

hoes and achieve even better penetration of the earth. Additional experiments conducted 

in Field VI comparing digging efficiency of a stone shovel (hafted shouldered 
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implement) and a stone hoe (Table 5.7) illustrated that a stone hoe works significantly 

better than a stone shovel (with mean differences of 0.71 hr/m³, and 698 kcal/m³, W = 4, 

Z = 7.5, p = 0.0313, N = 5).  

 

Table 5.7: Time and energy expenditures of stone hoe and shovel digging in Field VI 

ID Age Imple-

ment 

Area 

(m²) 

Dep. 

(cm) 

Time 

(sec.) 

Energy 

(Kcal) 

Energy-eco. 

(kcal/m³) 

Time-eco. 

(hr/m³) 

Pref. 

13 61 Ss1 0.6 2.8 262 26 1548 4.33 Sh*1 

  Sh2 0.6 2.9 212 20 1149 3.38  

16 73 Ss 0.6 4 543 80 3333 6.28 Sh*2 

  Sh 0.6 3.2 389 34 1771 5.63  

17 75 Ss 0.6 2.5 398 40 2667 7.37 Sh*3 

  Sh 0.6 2.5 374 24 1600 6.93  

19 59 Ss 0.6 4.7 436 35 1241 4.29 Ss*1 

  Sh 0.6 5.3 390 29 912 3.41  

20 73 Ss 0.6 4.6 404 35 1268 4.07 Ss*1 

    Sh 0.6 2.2 164 15 1136 3.45   

Note: 
1. Ss = stone shovel; 2. Sh = stone hoe. 
Reasons for implement preferences: Sh*1 = more efficient; if hafted with a longer handle, would be more 
comfortable and definitely better than the shovel; Sh*2 = great impact; Sh*3 = labor-saving. Ss*1 = longer 
handle, otherwise, no difference between the shovel and the hoe. 

 

Qualitative comments from the operators highlighted the stone hoe's time and 

energy efficiency and greater impact ability. Negative comments about the stone hoe 

emphasized its relatively short handle, which was a flaw in the experimental design due 

to the unavailability of an appropriate handle rather than a defect of the implement itself. 

As discussed at the beginning of this chapter, bone implements could not penetrate 

moderately-packed earth when hafted as hoes; they were notably less efficient than stone 

shovels, and certainly could not compete with stone hoes. One may conclude that bone 

implements would be unlikely to be employed over stone variants in soils as compacted 

as those in Fields V through VII, especially in Fields VI and VII. When suitable stone 

raw materials/implements were not available, the prehistoric populations probably would 
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rather have used wooden sticks than bone spades to penetrate such soils, as evidenced at 

the sites of Shangshan and Kuahuqiao (see Chapters 2 and 3). 

Overall, the relationship between soil penetration resistance and spade digging 

efficiency (as measured by time and energy economy) is obvious, and the exponential 

regressions are statistically significant (Fig. 5.3). Although the combination of 

penetration resistance value and sand fraction also exhibited a statistically significant 

relationship to digging efficiency, there was no significant relationship between soil 

textures and digging efficiency. Since penetration resistance value represents soil 

penetration resistance and determines root elongation rate (e.g., Bengough and Mullins 

1991; Martino and Shaykewich 1994; Sinnett et al. 2008), it is likely that penetration 

resistance value alone also determines each tool’s digging efficiency regarding time and 

energy costs, while particle size does not play a significant role in tool digging efficiency. 

 

 
Figure 5.3: Exponential regression of digging efficiency of bone and stone implements and 

soil penetration resistance (PR). 
Gray (bone) and black (stone) squares along the trend lines indicate results from actual experiments. 1. 

Time economy: Bone (hr/m3) = 0.32440.1448*PR (r2 = .83, p < .0001, n = 29); Stone (hr/m3) = 0.40630.1024*PR (r2 
= 0.69, p < .0001, n = 28); 2. Energy economy: Bone (kcal/m3) = 136.270.143*PR (r2 = .84, p < .0001, n = 29); 

Stone (kcal/m3) = 159.630.1076*PR (r2 = .68, p < .0001, n = 28). 

 



 

301 

 

As Figure 5.3 shows, differences between material types varied among penetration 

resistance value zones. There was virtually no difference between the two raw materials 

for moderately-packed-to-soft soils, whereas the difference was very pronounced in 

harder-packed soils. Statistically, the digging efficiency of bone implements was slightly 

better than stone in extremely soft soil, as in Field I where penetration resistance value 

was lower than 1 kg/cm², and bone was indeed preferred by most tool users for its light 

weight and/or better penetration ability. There were neither statistically significant 

differences nor consistent, strong preferences expressed for implements when dealing 

with soils with penetration resistance values of 1-4 kg/cm². Although statistical 

differences started to show significant patterns again when penetration resistance value 

exceeded 4 kg/cm², as in Field IV, where stone performed better than bone, the 

differences were not noticeable until the penetration resistance values reached a much 

higher value, probably around 8 kg/cm², according to participants' subjective comments 

in Field V. In soils with penetration resistance values greater than 8 kg/cm², stone 

performed significantly and obviously better than bone and it was always preferred by the 

tool users.  

In short, from a techno-functional perspective, bone might have been preferred 

when soil was extremely soft (with penetration resistance < 1 kg/cm²) and stone would 

have been preferred in relatively hard-packed soil (with penetration resistance > 8 

kg/cm²), given an adequate supply of implements, while in soils with penetration 

resistance values of 1-8 kg/cm², criteria for choosing among different raw materials for 

digging tools might have been more complicated or even random under certain 

circumstances. 
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All discussions above regarding tool preferences only refer to situations with an 

adequate supply of implements, because 1) since all experimental implements were 

supplied by the author, the tool users participating in the experiments did not need to 

worry about the availability and/or affordability of those implements, and 2) none of the 

implements wore down significantly after the experiments (except for the occasional 

appearance of chips and scars), so the participants did not notice or comment on relative 

tool durability. To better understand and predict daily-based, long-term activities and 

decisions, use-lives of earth-working implements must also be considered.  

Comparing wear rates and use-lives of bone and stone spades 

Wear rates 

In all experimental fields but Field I, earth-working implements were worn down 

measurably through use (Table 5.5). As with results from time and energy costs, the wear 

rates of both bone and stone were significantly related to penetration resistance (Fig. 5.4). 

There was little difference between bone and stone's wear rate in soft soils, whereas the 

difference was very pronounced in harder-packed soils.  

Although the penetration resistance of soil determined the wear rates of both bone 

and stone to a great extent, the ways it affected bone and stone wear rates differed as the 

compaction ranges changed. When the soil's penetration resistance value was lower than 

3 kg/cm2, as in Fields II and III, bone and stone are both extremely sensitive to soil 

penetration resistance; even an increase in soil penetration resistance as subtle as 0.6 

kg/cm2 (from 2.3 to 2.9 kg/cm2) amplified the material's wear rate by six times, from 

0.013 to 0.08 cm2/m3 (Table 5.5; Fig. 5.5). In this compaction range (<3 kg/cm2), bone 
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and stone wear rates appeared to be the same, predicted extremely well by the PR alone 

(Fig. 5.5).  

 

 

Figure 5.4: Linear regression of bone and stone wear rates and soil penetration resistance 
(PR). 

Letters B (bone) and S (stone) along the trend lines indicate results from actual experiments in Fields II-VII. 
Bone wear rate = -0.934819 + 1.2542487*PR (r² = .71, p = .0345, n = 6); Stone wear rate = -0.51193 + 

0.3423208*PR (r = .98, p = .0001, n = 6). 
 

 

 
Figure 5.5: Wear rates of both bone and stone as predicted by soil penetration resistance 

value (PR) when PR < 3 kg/cm2. 
Letters S (stone) and B (bone) along the trend lines indicate results from actual experiments in Fields II-III. 

Wear rate = -0.240143 + 0.1097619*PR (r2 = .99, p = .0049, N = 4). 
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However, in harder soils, the physical properties of soil affected bone and stone 

wear rates quite differently. In Fields IV-VII, with soil penetration resistance values 

ranging from 4.7 to 26.7 kg/cm2, soil penetration resistance alone still significantly 

affected stone's wear rate, although the wear rate did not amplify as rapidly as in softer 

soils (Fig. 5.6).  

 

 

Figure 5.6: Stone wear rate as predicted by soil penetration resistance value (PR), with a 
PR range of 4.7-26.7 kg/cm2. 

Letters S (stone) along the trend lines indicate results from actual experiments in Fields IV-VII. Stone's wear 
rate = 0.0494806 + 0.3161917*PR (r2 = .98, p = .011, n = 4). 

 

 

In a similar compaction range, 4.6-26.1 kg/cm2, soil penetration resistance alone no 

longer determined bone wear rate (r2  = 0.53, p = 0.2738, N = 4). Although neither 

percentage of sand alone determined bone's wear rate (r2 = 0.48, p = 0.3054, N = 4), a 

combination of soil penetration resistance and percentage of sand (by multiplying 

penetration resistance values by percentages of sand) predicted bone wear rate extremely 

well (Fig. 5.7).  



 

305 

 

 
Figure 5.7: Bone wear rate as predicted by soil penetration resistance value (PR) and 

percentage of sand, with a PR range of 4.6-26.1 kg/cm2. 
Letters B (bone) along the trend lines indicate results from actual experiments in Fields IV-VII. Bone wear 

rate = 4.409238 + 0.0795057*PR*Sand (r2 = .99, p = .0046, n = 4). 

 

The fact that the percentage of sand did not much affect either bone or stone wear 

rates in very soft soils with a penetration resistance value lower than 3 kg/cm2 is not 

surprising, because with such low penetration resistance the friction between the 

contacting surfaces would not be intense. It is also understandable that in moderately- to 

hard-packed soils (with a PR range of 4.6-26.1 kg/cm2), bone wear rate was best 

predicted by penetration resistance and percentage of sand combined, while penetration 

resistance alone predicted stone wear rate extremely well; since stone is much harder than 

bone, it would be less sensitive than bone to the presence of sand in the soils. Additional 

experiments would be helpful in evaluating how a soil's physical properties affect bone 

and stone wear rates when soil is soft to medium (with a PR range of 3-4.6 kg/cm2). 

Use-lives 

Based on bone and stone wear rates, I estimated the use-lives of spades crafted 

from these two materials. Due to the constraints imposed by natural osteological 

morphology, the maximum length of earth-working implements produced from cattle 
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scapulae would be about 23 cm (Chapter 3). Presumably, prehistoric water buffalo 

scapulae were subject to similar constraints. According to both archaeological and 

experimental observations, scapular implements shorter than 13 cm could hardly be 

useful for digging (Chapter 3). Therefore, the maximum use-life of a scapular digging 

tool would be the amount of workload that causes it to wear down 10 cm in length from 

the working edge. Taking implement #6020 for example, a length of 10 cm from the 

working edge covers an area of approximately 120 cm². Estimates of the use-lives of 

scapular digging tools and their stone counterparts of the same size are listed in Table 

5.8: these calculations assume no breakage and edge resharpening, so that material is lost 

only through use-wear. 

 

Table 5.8: Spade use-lives, measured as volume of soil (m3) removed 

  Field II Field III Field IV Field V Field VI Field VII 

Scapula 4885.83 1507.14 26.05 6.26 7.65 2.99 

Dolomite 9039.79 2939.97 67.65 < 43.141 16.31 14.63 

Note: 1. A value of 43.14 m³ over-estimated a dolomite implement's use-life due to an under-estimation of 
dolomite's wear rate (see Table 5.5 and relevant discussion earlier in this chapter). 

 

It is evident that bone and stone were both extremely durable when interacting with 

the soils in Fields II and III. A spade crafted from either bone or stone could excavate a 

great deal of soil before becoming exhausted. Although the durability of stone in Fields II 

and III appeared to be greater than that of bone, this is probably because the PR values of 

the experimental plots were slightly lower when stone was used (Table 5.3; Fig. 5.5). 

These results, again, suggest that there may not be consistent raw material preference 

when very soft and fine-grained soils were encountered. In fields similar to Fields II and 

III, scapulae may have had equal likelihood of adoption because they are equally durable. 
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Use-lives of stone and bone spades decreased dramatically when dealing with soils 

in Fields IV-VI and were extremely short in Field VII. Scapulae would probably not be 

adopted over stone to penetrate ground as compact as that in Fields IV, V, VI and VII in 

the Hemudu area, if decisions were simply based on durability (i.e., raw material 

economy). In addition to a longer use-life, stone implements were also free from 

dimensional constraints when proper stone were available. Unlike scapulae, rocks from 

outcrops would not be restricted by a natural maximum dimension; therefore, stone 

implements could be made relatively larger with little additional effort and could last 

even longer.   

My findings regarding differences in performance characteristics relevant to raw 

material choices between scapulae and dolomite may represent reasonable differentiation 

between bone and stone in general. However, I am aware that lithic wear rates vary and 

that my results should be adjusted accordingly when applied to specific situations in 

which other rock types were employed. In fact, I conducted pilot experiments to test the 

difference in lithic durability.  

Spades made from oolitic dolomite were popular in prehistoric central China. 

However, the rock in the Hemudu culture area best suited for fabricating ground stone 

shovels and hoes was a thinly-laminated fine-grained sandstone from Dadushan 

Mountain. In order to gain a sense of the durability of this local rock, grinding 

experiments were conducted to compare its bulk density (which determines rate of wear) 

to that of oolitic dolomite. Two pairs of standardized tabular blanks (approximately 6.5 

cm in length, 4 cm in width, and 1.3 cm in thickness) were ground against netherstones 

and the amount of materials removed after five minutes was calculated and compared. 
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Netherstones M02 and M01 were tabular medium-grained sandstone collected from the 

area close to the site of Maoshan in Hangzhou and the Songshan Mountain in Henan 

province respectively, with M02 relatively looser and softer. One pair of oolitic dolomite 

and thinly-laminated fine-grained sandstone were ground against M02 by Operator 23, 

and two pairs against M01 by Operators 25 and 24. Before and after the grinding 

experiments, the standardized tabular rocks were weighed to calculate mass removed and 

digitally scanned to delineate and calculate the volume worn down through grinding 

(Table 5.9).  

 

Table 5.9: Durability of oolitic dolomite vs. fine-grained sandstone 

ID Rock# Rock 

type 

Grinding 

stone# 

Volume (cm3) 

removed 

Mass (g) 

removed 

Bluk density 

(g/cm3) 

Wear rate 

(cm3/min) 

23 G1 Dolomite M02 0.94 2.5 2.66 0.19 

 G2 Sandstone M02 1.206 2.7 2.24 0.24 

25 G3 Dolomite M01 0.222 0.8 3.6 0.04 

 G4 Sandstone M01 0.597 1.6 2.68 0.12 

24 G3 Dolomite M01 0.556 1.3 2.34 0.11 

  G4 Sandstone M01 0.55 1.4 2.55 0.11 

 

Results suggest that the bulk density of the oolitic dolomite was uneven, while the 

fine-grained sandstone was relatively homogeneous, consistent with direct observation. 

On average, the oolitic dolomite seemed slightly denser than the fine-grained sandstone 

(2.87 vs. 2.49 g/cm³), and its rate of wear was slightly lower (0.11 vs 0.16 cm³/min). In 

practice, all three operators concluded that the fine sandstone was slightly softer and 

easier to grind than the oolitic dolomite. Manufacturing experiments with these two rocks 

also suggested that the fine-grained sandstone was easier to work by knapping or 

pecking, again suggesting lower durability of the fine-grained sandstone. Overall, it is 

safe to conclude that the fine-grained sandstone is slightly less durable than the dolomite. 
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Assuming that the ratio of average wear rates estimated from the above experiments 

represents the two rocks' relative durability, we could estimate the use-life of a fine-

grained sandstone shovel by multiplying the use-life of the dolomite shovel by 0.11/0.16, 

or 0.694. Table 5.10 reports the results.  

 

Table 5.10: Total volume of soil (m3) capable of being excavated throughout an 
implement's use-life 

  Field II Field III Field IV Field V Field VI Field VII 

Scapula 4886 1507 26.1 6.3 7.7 3.0 

Dolomite 9040 2940 67.7 < 43.1 16.3 14.6 

Sandstone 6215 2021 46.5 < 29.71 11.2 10.1 

Note: 1. A value of 29.7 m³ over-estimated a sandstone implement's use-life due to an over-estimation of a 
dolomite implement's use-life (see Table 5.8). 

 

These results suggest that a shovel made from local sandstone is less durable than a 

dolomite shovel under an extreme situation (when abrasing against a grinding stone, 

which is much harder and contains a much higher percentage of sand in comparison to 

soils in the Hemudu area). Even so, its use-life is still significantly longer than that of a 

scapular tool, especially if it was larger. Under a normal digging situation, differences in 

performance characteristics relevant to raw material choices between scapulae and 

sandstone would still be similar to what has been discussed for scapulae and dolomite. 

Discussion: bone or stone?  

Predicting raw material preference for earth-working implements based on soil 

properties 

My experimental results demonstrate that bone implements provided marginally 

greater time and energy efficiency than stone implements only when soil was extremely 

soft (PR < 1 kg/cm²). However, the difference may not have been pronounced enough to 

lead to a consistent choice of one material over another. Bone and stone implements 
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function equally efficiently in terms of time and energy costs in soils with PR values of 1-

4.7 kg/cm², although implement costs of bone become higher than stone in part of this PR 

range, beginning somewhere between 3-4.7 kg/cm². When soil PR values exceed 4.7 

kg/cm², stone implements show significantly better efficiency and durability than bone, 

although for PR values just slightly above the threshold, the difference in efficiency 

might be too subtle for tool users to perceive qualitatively. According to results of 

regression analysis and operator tool preference, it is clear that the differences in time and 

energy efficiency between stone and bone implements may not be noticed before soil PR 

values exceed 8 kg/cm². In soils with PR values higher than 8 kg/cm², bone implements 

cannot compete with stone at all.  

Imperceptible or easily overlooked differences in tools’ digging efficiency and 

durability in soils with PR values lower than 8 kg/cm² opened up a wider range of 

technological options to the actors. When soils were this soft, Neolithic populations 

might have been more likely to consider performance characteristics such as ease of 

manufacture and raw material acquisition or technical traditions, which produced direct 

benefits when making raw material choice (bone, stone, or both) (Chapter 4).  

Results from on-site measurements at Maoshan show that the PR values of the 

Xiashu Loess and anthropogenic deposits formed on top of it from the Majiabang to 

Liangzhu periods were higher than 10 kg/cm² even when soils were extremely wet (Fig. 

2.23). This value exceeds the PR threshold of 8 kg/cm² where the greater effectiveness of 

stone spades becomes apparent; this could fully explain why the Majiabang people 

consistently chose to use them. In contrast, soil PR values of wetland sediments and 

superimposed anthropogenic deposits measured at Tianluoshan range from nearly 1 to 45 
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kg/cm² (Fig. 2.23), depending on how wet they are. This range covers both the PR zone 

in which there should have been little difference in functionality between the two 

materials and the zones in which users could discern the functional shortcomings of bone 

spades. Even though PR of wetland sediments and superimposed deposits could be 

reduced through humidification to the point where bone functioned well, and the Hemudu 

populations likely applied scapular spades only to wet and soft ground (see below), the 

soil softness of wetland sediments still could not have led to a consistent choice of bone 

over stone. It may, therefore, have been the production pattern and social learning 

strategies that led to a bone spade tradition in the early Hemudu culture (Chapter 4). Such 

a choice of earth-working implements would have generated unexpected outcomes that 

led the Hemudu society in different directions than the Majiabang-Songze societies. 

Choice of earth-working implement and potential economic and social outcomes 

Earth-working implements affected the feasibility of different forms of land use. It 

is clear that it would have been impossible to claim the Xiashu Loessland by working 

with bone spades. The most direct impacts of bone spades used by the Neolithic Hemudu 

people were that they became essentially marooned on the margins of the wetlands, in 

small villages and with low-level rice production, for an extended period.  

When the Tianluoshan and Hemudu sites were initially occupied, habitation and 

rice cultivation were both localized on freshwater paleo-coastal sediments, comprised of 

only 0.03% sand. Anthropogenic sediments built up on the original coastal deposits 

included a larger and larger sand fraction over time (mean and median both 22% sand 

fraction base on 12 samples collected from the early Hemudu cultural layers at 

Tianluoshan occupation zone). Having been adopted for wetland tillage, bone spades 
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were effective and may have encouraged the Hemudu populations to remain in wetland 

areas.  

In dealing with either the initial coastal deposits or anthropogenic sediments, 

scapular implements may have fulfilled functional earthworking needs in the occupation 

zones of Hemudu cultural sites. For example, when penetrating ground that was close to 

saturated (with a PR value of 5.5 kg/cm²) in the habitation zone of Tianluoshan, a bone 

spade would have been able to loosen 8.6 m3 of soili within 6.2 hoursii. This amount of 

soil equals the volume of 20 medium size wet-type storage pits discovered at Tianluoshan 

and is more than the amount of soil (6.8 m3) removed to create the 20 pits (each 0.5-0.8 

m side long, 0.6-1 m deep) needed for the foundation poles of a medium to large size 

(200 m2) pile-dwelling house. To complete the same task when soil PR was 10 kg/cm² 

would have exhausted 1.6 pieces of scapular tools and taken 11.9 hours. For structures 

with small dimensions in the residential area, wetting the soil was practical and ground 

PR could thus be managed as needed. Therefore, the scapular implements might have 

been satisfactory for the daily use of workers taking care of the needs of a family. The 

ease of earth-working in the wetlands on an individual or family level thus encouraged 

the formation of a wetland habitation tradition and the choice of scapular digging tools. 

However, because 1) the area of suitable wetlands for habitation was limited to the 

margins of wetlands, and 2) the raw material of wild water buffalo scapulae was in short 

                                                 
i Calculation of this figure proceeded in the following way. Applying the equation of Bone Wear Rate = 

4.409238 + 0.0795057*PR*Sand (Figure 7), the wear rate of scapular spades penetrating the ground (with 

an average sand fraction of 22% and a PR value of 5.5 kg/m2) is estimated at 4.409238 + 

0.0795057*5.5*22=14 cm2/m3. With 120 cm2 of potential area that could be worn down from the working 

edge (see section on use-lives of bone spades for detailed discussion), the consequent use-life of a scapular 

spade is estimated at 120/14=8.6 m3. 
ii Calculation of this figure proceeded in the following way. Applying the equation of Bone (hr/m3) = 

0.32440.1448*PR (Figure 3), it would have taken 0.32440.1448*5.5 = 0.72 hour to loosen 1 m3 of soil, and so to 

loosen 8.6 m3 it would have taken 0.72*8.6=6.2 hours. 
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supply on a community level (Chapter 4), the space for expanding village sizes was very 

limited. 

The shortcomings of bone spades for large-scale land modification become clearer 

when we consider implement consumption in rice cultivation at Tianluoshan. For 

example, when soil PR was 3 kg/cm², completing tillage in the 6.3 hectares of early 

Hemudu rice fields would have required only five bone spadesi. In contrast, when soil PR 

increased to 4.5 kg/cm², it would have required more than two hundred bone spades to 

accomplish this taskii. According to botanists’ estimates, the annual yields of these rice 

fields could have supported no more than 30 persons (Zheng et al. 2009). To complete 

tillage in these rice fields with bone spades would have cost 30 persons about 21 daysiii 

when soil PR was 3 kg/cm² or 26 days at 4.5 kg/cm². Time consumption does not seem to 

be an issue here; however, the difference in tool consumption is significant. This implies 

that, in order for the bone spades to adequately support tillage of the scale that the early 

Hemudu populations carried out on the wetlands, those tasks had to be undertaken only 

                                                 
i Calculation of this figure proceeded in the following way. First, with the equation of Wear rate = -

0.240143 + 0.1097619*PR (Figure 5), a bone spade’s wear rate is estimated at -0.240143 + 

0.1097619*3=0.089. Then, with 120 cm2 of potential area that could be worn down from the working edge 

(see section of use-lives on bone spades for detailed discussion), one single bone spade could have 

excavated 120/0.089=1348.31m3 of rice field, or tilled 13,483.1 m2 of rice field to a depth of 10 cm. 

Finally, tilling 6.3 hectares (i.e., 63,000 m2) of rice fields (Zheng et al. 2009) to a depth of 10 cm would 

have exhausted 63,000/13,483.1= 4.7 bone implements. 
ii Calculation of this figure proceeded in the following way. First, with the equation of Bone wear rate = 

4.409238 + 0.0795057*PR*Sand (Figure 7), bone spade’s wear rate is estimated at 4.409238 + 

0.0795057*4.5*0.08=4.44. The PR (penetration resistance) value applied in this calculation, 0.08, is an 

average value of 13 measurements in the Hemudu rice fields. With 120 cm2 of potential area that could be 

worn down from the working, one single bone spade could have excavated 120/4.44=27.04m3 of rice field, 

or tilled 270 m2 of rice field to a depth of 10 cm. Finally, tilling 6.3 hectares (i.e., 63,000 m2) of rice fields 

to a depth of 10 cm would have exhausted 63,000/270 = 233 bone implements.  
iii Calculation of this figure proceeded in the following way. First, with the equation of time cost with bone 

spades for digging activities, Bone (hr/m3) = 0.32440.1448*PR (Figure 3), a person with a bone spade could 

have used 0.32440.1448*3 = 0.5 hours to till 10 m2 of field to a depth of 10 cm when soil PR value was 3. 

Therefore, within assuming five working hours each day, one person could have till 100 m2. To complete 

tillage of the 6.3 hectares of rice fields would have taken 30 people 63,000/30/100=21 days. 
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when the ground was soft. Because the early Hemudu communities lacked water level 

management techniques, the people may have had to decide when, where, and how much 

area to cultivate for rice based on unstable natural wetland conditions. The technical 

constraints of bone spades may partially explain why rice agriculture did not fully 

develop in societies engaging in wetland cultivation, even over millennia of practice. On 

the Ningshao plain, wetland cultivation began no later than the Kuahuqiao and continued 

in the Hemudu communities but never intensified. 

To sum up, scapular spades must have fulfilled practical needs of individuals 

and/or families well enough that the actors would not have noticed their relatively short 

use lives. This allowed the bone spade tradition to emerge. However, once the tradition 

became established, the technology would have influenced strategic thinking about earth-

working problems, and would have significantly affected what people expected and 

planned to get from their surroundings. Even though wetland dwellings and rice 

cultivation became increasingly untenable on the Ningshao Plain during the Hemudu 

cultural period (Chapter 2), the bone spade tradition and associated land-use strategies 

did not change until both severe environmental and cultural influences, or even 

colonization by the neighboring Majiabang society, occurred (Chapter 2). This suggests 

that technological constraints had influence beyond merely technical issues.  

The long-term influence of bone spades in shaping strategic thinking on land use 

and associated aspects of a society (e.g., demography, social inequality, etc.) continued 

even after the communities geographically relocated to Xiashu Loesslands and adopted 

stone spades in the late Hemudu period. Natural wetlands continued to be used for fields 

with only a slightly larger area under cultivation. Villages became smaller but more 
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numerous. Although the overall scale of land modification slightly increased compared to 

early Hemudu, it is still much lower than Majiabang (Chapter 2). Overall, the societies 

appeared to live in the same way, even with imported new technology and a superficially 

new lifestyle. Even after the Ningshao Plain became incorporated within the territory of 

the Liangzhu Culture, scales of land modification and social complexity on the Ningshao 

Plain never achieved the same level as in the Lake Taihu area, where stone spades came 

into use a millennium sooner.  

In contrast to Hemudu, adoption of stone spades by the Majiabang populations 

allowed them to settle on harder soil substrates and to situate their habitation and rice 

production more flexibly. With stone spades, they were able to create small artificial rice 

fields on the hillsides in Xiashu Loess. This would have not only achieved the implicit 

aim of ensuring productivity through tight control of water levels, but also would have 

had the unexpected outcome of speeding up fixation of domestication alleles, because of 

the separation of cultivated and partially domesticated populations from wild stands of 

rice, thereby reducing cross-pollination of gene flow (Fuller and Qin 2009). Based on this 

factor, full-fledged rice agriculture developed sooner than might have otherwise been the 

case.  

The adoption of stone spades also facilitated large scale landscape modification in 

pre-metal periods. For example, the movement of 1,380,000 m3 of yellowish soil to 

construct the Liangzhu town walls would have required the efforts of 200 persons for 

approximately 15.6 years to accomplishi. The soil procurement movement alone also 

                                                 
i The source of the pure yellowish clay is unknown; I plan to investigate the source in the near future. For 

the convenience of current calculations, I assume that it is the Xiashu Loess that is commonly distributed in 

the area. Calculation of these figures proceeded as follows: First, with the equation of time cost with stone 

spades for digging activities (Figure 3), Stone (hr/m3) = 0.40630.1024*PR, a person with a stone spade could 
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would have required about 82,635 stone spadesi of similar durability and sizes to our 

experimental stone implements (assuming material was lost only through use-wear), 

when the Xiashu Loess was well humidified enough to reach a relatively low PR value 

(22.6 kg/cm² according to our measurement). Such a large supply of implements could 

have only been acquired if they were crafted from stone, a raw material that was 

relatively abundant and could be accessed year round, and the production of which could 

be very rapid when undertaken by highly skilled specialists (Chapter 4). 

In short, the contributions of stone spades to these societies cannot be overstated. 

Crafting spades from stone allowed larger scale mass production of earth-working 

implements, thus allowing intensified and extensified rice cultivation and expanded 

settlements. Further, these attributes (including the procedures involved in the 

manufacture of stone spades) contributed to increased social complexity. 

Based on these subsistence and social-behavioral foundations, chiefdom-level 

societies appeared in the lower Yangzi region by ca. 5,000 BP in the subsequent 

Liangzhu period. Liangzhu society was characterized by large labor investments in 

landscape modification (Chapter 2). It is no coincidence that the earliest stone implement 

found so far on the Ningshao Plain is a groundstone spade (yue), found as an elite grave 

object at the site of Mingshanhou (MAT 1993), the only Liangzhu culture site with 

                                                 
have used 0.40630.1024*22.6 = 4.1 hours to dig out 1 m3 of Xiashu Loess. Therefore, assuming five working 

hours each day, a worker could have excavated only 1.22 m3 of soil. Two hundred people equipped with 

stone spades could have excavated 243 m3 of soil per day. To procure 1,380,000 m3 of soil, it would have 

taken these 200 people 1,380,000/243=5,679 days, i.e., almost 15.6 years to accomplish. 
i Calculation of this figure proceeded as follows: First, with the equation of stone’s wear rate = 0.0494806 

+ 0.3161917*PR (Figure 6), a stone spade’s wear rate is estimated at 0.0494806 + 0.3161917*22.6=7.2. 

Then, with 120 cm2 of potential area that could be worn down from the working edge (see “use-lives” of 

bone spades for detailed discussion); a single stone spade could have excavated 120/7.2=16.7m3 of Xiashu 

Loess. Finally, 1,380,000 m3 of Xiashu Loess would have exhausted 1,380,000/16.7=82,635 stone 

implements. 
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artificial mounds in this area. Moreover, it is not surprising that the earliest precursors of 

Chinese script in the Yangzi Delta were carved on groundstone yues (Zhu and Lu 2013). 

There may even be salience to the suggestion that the early Chinese character “ ”(king) 

superficially resembles an unhafted bronze implement with its origins in the prehistoric 

Lower Yangzi groundstone yue and “ ” (labor) resembles a hafted shovel (Lin 1965) 

(Fig. 5.8). It could be that massive earthworks were so tightly related to power that an 

unhafted yue representing an inactive earth-working implement was used as an image 

(character) to symbolize the persons in charge of labor while the laborers were 

represented by a shovel in action. 

 

 

Figure 5.8: Oracle-bone inscriptions of “ ” king (written in three ways) and “ ” labor 

labor (redrawn from Lin 1965). 

 

In short, the production and use of groundstone spades in eastern coastal China 

may be associated with the emergence of elites and trajectories toward the concentration 

of power in relation to the manufacture and deployment of these crucial tools. 
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CHAPTER 6. DISCUSSION AND CONCLUSIONS 

Summary of research results 

This dissertation focuses on the relationship of earth-working implements and 

Neolithic land-use strategies, both under-studied but significant phenomena in world 

prehistory. I draw on case studies from the Ningshao Plain of eastern coastal China to 

explore technological constraints of earth-working implements as a factor complementary 

to ecological and social conditions to explain the processes toward intensification of 

agriculture and sedentism. I seek to understand (1) how technological innovations were 

adapted to fulfill practical needs and (2) how technological choices in turn construct 

economics and society.  

The Ningshao Plain is important for several reasons. First, this region was one of 

the areas where rice cultivation and open-air village lifestyles were practiced over 

millennia without spontaneously developing large-scale, intensified agriculture and 

intensified sedentary villages. It provides an exceptional case that can significantly 

contribute to our understanding of the mechanisms underlying the intensification of 

agriculture and sedentary settlement. In addition, many early to middle Neolithic sites on 

the Ningshao Plain are water-logged and thus have yielded well preserved organic 

remains, allowing thorough reconstruction of archaeological material cultures and 

geological backgrounds. Last but not least, the Hemudu culture on the Ningshao Plain 

represents an exceptional case in which bone spades were predominantly employed for 

earth-working. This pattern contrasts with the use of stone as a raw material for crafting 

spades in most other pre-industrial societies. Comparing the Hemudu bone spade 

tradition with the stone spade tradition in its neighboring Majiabang-Songze societies in 
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the Lake Taihu area can significantly improve our understanding of the long-term 

relationships between technological choices and agricultural and residential land-use 

strategies.  

Comparing the Ningshao Plain and the neighboring Lake Taihu area, I found that 

bone spades were used only on wetlands, first in Kuahuqiao (7,200-7000 BP) and 

followed by the subsequent early Hemudu Culture (7,000-6,300 BP). Bone spades were 

associated with small scale land use, especially in comparison to the cultures in the Lake 

Taihu area, where stone spades were used to work the Xiashu Loesslands. The scale of 

land use in the Lake Taihu region continuously increased, from Majiabang, to Songze, 

and eventually to the chiefdom-level Liangzhu society (Chapter 2).  

These phenomena invited the following questions: (1) how did using bone spades 

become a tradition and persist for over a millennium in the Ningshao Plain, (2) why was 

this technology eventually discontinued and replaced by the use of stone spades, and (3) 

how did choices regarding earth-working implements affect land use choices over the 

long term? 

To understand choices of earth-working implements and their consequence in land-

use strategies, I examined a broader spatial-temporal context to allow comparison. Ideas 

that guided my research include those from Human Behavioral Ecology, Dual-

Inheritance Theory, and Behavioral Archaeology. Human Behavioral Ecology 

emphasizes return-rate optimization and therefore cost/benefit ratio modeling. Dual-

Inheritance Theory points out that not only fitness, but also cultural transmission affects 

technological innovations and adoption. Behavioral Archaeology proposes that all aspects 

throughout the life history of an object may count, either solely, in combination, or 
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collectively (Chapter 1).  

I employed the general framework of Behavioral Archaeology to examine as many 

potential factors in technological choices as possible over the life histories of bone spades 

to identify priorities assigned by prehistoric people in their technological decision-

making processes. However, as a compromise to time limitations, I focused most of my 

efforts on aspects related to return rates and cultural transmission, assuming, as many 

case studies have shown, that they offer the best potential for explaining decision making 

processes.  

Following these thoughts, to answer my questions I explored the following aspects. 

First, I examined the geological contexts of earth-working implements, including the 

physical properties of the original soil substrate in the wetlands and the Xiashu 

Loesslands (Chapter 2). Second, I conducted functional analyses to identify the use-

contexts of both bone and stone spades in the Hemudu and preceding Kuahuqiao Cultures 

(Chapter 3). Third, I compared bone spades’ manufacturing costs and benefits to those of 

stone spades, including raw material selection and procurement, investments of time, 

energy, and tools in manufacture, and the production patterns and means of cultural 

transmission of these two spades (Chapter 4). Finally, I compared the functional 

performance characteristics of the two varieties of spade in different soil contexts 

(Chapter 5). Many of these variables were evaluated through on-site measurements and 

controlled experiments that made reference to ethnographic information. The main results 

can be summarized as follows.  

Wetland sediments in the Lower Yangzi Basin were situated in a flood-prone area 

that suffered from periodic inundation. When using wetlands for rice cultivation and 
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habitation, the Neolithic people could only stay in the margins of the wetlands, so space 

for situating and expanding rice fields and habitation zones would have been restricted. 

Although subject to periodic inundation and salt-water intrusion, wetlands were used by 

the middle Holocene populations on the Ningshao Plain first for rice cultivation and later 

for both cultivation and habitation (Chapter 2). In contrast, the Xiashu Loesslands were 

much more widely distributed in the Lower Yangzi Basin. Residence on the Xiashu 

Loesslands at slightly higher elevations would have eliminated the problem of flooding. 

All other variables being equal, the ideal land-use solution in the middle Holocene Lower 

Yangzi Basin would have been to settle on the safe Xiashu Loesslands and to farm in the 

wetlands in good seasons with backup subsistence strategies. This solution may have 

been practiced by the Majiabang-Songze populations in the Lake Taihu area (Chapter 2).  

According to the results of my analyses on soil properties and tool performance 

characteristics (Chapters 2, 3, and 5), the two types of lands required that people work 

soils with different properties, each imposing different technological challenges. Both 

wetland sediments and the Xiashu Loess were extremely hard when dry. However, water 

could effectively soften wetland sediments, while the Xiashu Loess ground was always 

very hard even when saturated. In addition, the Xiashu Loess soil was coarser than the 

original sediments of the wetlands. These differences in penetration resistance (PR) and 

texture mean that wetland sediments could have been much less challenging to penetrate 

(Chapter 2), and would have worn down the earth-working implements much more 

slowly (Chapter 5). In contrast, on the Xiashu Loesslands, deployments of agricultural 

fields and habitation may have been more flexible (Chapters 2 and 5). However, because 

the Xiashu Loess soils are much harder to penetrate, they would have favored 
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technological solutions involving tougher, more durable implements. Moreover, working 

the loess soils would require more tools to maintain the same scale of land modification 

compared to the wetlands (Chapter 5). Interestingly, even the earliest, small Xiashu Loess 

sites dating to Shangshan and Kuahuqiao cultures, in which digging sticks were 

employed to penetrate earth, show more intensive land use than the later, Hemudu sites 

situated in wetlands and with bone spades as the major earth-working implements 

(Chapter 2). In fact, the Majiabang sites that are contemporary to Early Hemudu but are 

built on the Xiashu Loess show the highest land-use intensity (Chapter 2).  

All these pros and cons of land choices for habitation and agriculture (Table 6.1) 

became clear to me after I read, researched, measured, and calculated (Chapters 2-5). To 

find out whether these differences were perceptible by the Neolithic populations and how 

these differences may have influenced or been influenced by the choices regarding earth-

working implements, I compared objective results of experiments on tool manufacture 

and functionality to the participants’ subjective comments on both bone and stone earth-

working implements. 

Functional experiments and use-wear analysis identified Kuahuqiao Culture bone 

spades as wetland agricultural tools. Digging sticks were the major earth-working tools in 

earlier cultures. Because digging sticks can barely turn over swampy soil, wide-bladed 

earth-working tools may have become necessary as land modification intensified in the 

Kuahuqiao culture. However, bone spades could scarcely penetrate the Xiashu Loess 

ground on which the Kuahuqiao population constructed structures. There is no evidence 

showing that the Kuahuqiao people tried to craft stone spades at all, although the 

knowledge and skills of stone tool production might have been available as a foundation 
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(Chapter 3). This indicates that bone spades, no matter which factor(s) encouraged the 

first trial, may have fulfilled the functional needs for the Kuahuqiao wetland groups quite 

well.  

 

Table 6.1: Land types, soil properties, and their potential effects in land-use strategies 
and/or technology in the Neolithic Lower Yangzi Basin 

  Wetlands Xiashu 

Loesslands 

Potential effects in land-use strategy and/or 

technology 

Suitability as 

rice fields 

Good Good with 

irrigation system 

Could have consumed a great number of tools 

in either soil; water management technologies 

needed for best benefit 

Availability for 

human 

habitation 

Only in the 

marginal 

area 

Good Limited space to situate or expand village in 

wetlands; flexible location and size in Xiashu 

Loesslands 

Flood-prone? Yes Depends on the 

elevation 

Unstable cultivation and residence on wetlands; 

more secure in Xiashu Loesslands 

Effects of 

humidification 

Becomes 

softer 

Little softened Bone tools could hardly penetrate the Xiashu 

Loess ground 

Soil texture Finer Coarser Shorter tool use-lives in the Xiashu Loess 

 

The Hemudu people, who colonized wetlands on the Ningshao Plain, continued to 

use bone spade technology. Unlike the Kuahuqiao populations who built their settlements 

on the hard Xiashu Loesslands adjacent to wetlands, the early Hemudu populations 

settled themselves in the wetlands proper. Aside from the sole consideration of 

convenient access to subsistence patches in and around the wetlands, one cannot fully 

explain this settlement decision. The early Hemudu diet was virtually the same as that of 

Kuahuqiao, comprising food resources foraged from or produced in different elevation 

zones. It would be reasonable to expect these populations to have continued the long-

established custom of living on the hillsides of the Xiashu Loesslands while continuing to 

use these resources on a larger scale. However, as their bone agricultural tools had proven 

to be very effective for working wetland soils, the Hemudu populations may have been 
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encouraged to expand their use of the wetlands to include both settlement and rice field 

construction. The Hemudu bone spades had a much more sophisticated hafting design 

than those of the Kuahuqiao (Chapter 3), probably in response to heavier reliance on 

these artifacts in a wider variety of contexts. 

The Hemudu bone spades were crafted almost exclusively from the scapulae of 

wild water buffalo. Reconstructed mortality patterns of water buffalo based on scapulae 

that were crafted into spades point to a strong preference for bones from older animals. 

Interestingly, the results of faunal analyses suggest that hunting in itself did not structure 

the raw material preference. The supply of water buffalo scapulae was likely 

complemented by collecting scapulae from animals that had died from other causes. Even 

though large, adult, wild water buffalo became difficult to obtain and the raw material 

was in short supply, the bone spade tradition persisted over an extended period before 

stone spades were adopted (Chapter 4).  

Interestingly, this persistence in the use of bone spades was not due to a lack of 

suitable stone resources or groundstone manufacturing technologies (Chapter 4). Neither 

was it due to low costs of manufacture. In fact, the results from my manufacturing 

experiments suggested that a bone spade not only takes more time to make, but also 

requires a larger variety of manufacturing implements, some of which are specialized 

groundstone chisels and axes. In contrast, stone spade production requires only 

hammerstones and grinding media.  

However, bone spade production does have advantages, which lie in bone’s relative 

ease of procurement and a higher manufacturing success rate. Fabricating groundstone 

spades demands a higher level and wider range of know-how that takes much more 
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practical training to acquire (Chapter 4). Compared to stone, bone’s qualities are 

consistent, granting the material predictable fracturing and shaping properties. With 

minimal training and practice, an adept person equipped with the necessary tools could 

craft a typical Hemudu-style scapular spade. In contrast, quarrying stone from an outcrop 

would have been much more challenging. Moreover, the quality of rock is never fully 

predictable.  

In the case of Hemudu, multiple lines of evidence show that the spades may have 

been produced by household craftspeople who learned through emulation (Chapter 4). 

The evidence includes (1) low standardization of final products, (2) diverse technical 

solutions employed at almost every stage of manufacture, (3) unequal, low to moderate 

levels of manufacturing skills, and (4) very limited training and practice as displayed by 

repeated mistakes and a low number of practice pieces. Because self-sufficient household 

craftspeople had less expertise and would have had to schedule manufacture around many 

other activities, they may have been more averse to the risk of, and less willing to acquire 

the special skills needed for, working with stone. Even though the tooling and time costs 

of manufacturing scapular spades may have been relatively high, it probably was not 

perceived as expensive, particularly when there were no other options to be compared 

and when the tools necessary for manufacture were already present in the toolkits. 

With self-sufficient household production maintained through observation and 

emulation, the tendency to copy the solutions employed by the majority may have been 

very strong and helped ensure the persistence of bone spades even when raw materials 

became scarce. According to the tenets of Dual-Inheritance Theory (DIT), the spread of 

cultural information is influenced not only by differential fitness of culturally inherited 
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variation, but also by decision-making based on genetically or cultural evolved 

preferences and constraints and transmitter influence or prominence (Boyd and Richerson 

1985, 1988, 1995; Weibull 1995). In the early Hemudu case, bias from culturally evolved 

preferences (in this case, favoring bone spades) and transmitter influence may have been 

very strong. As bone spades had proven to be very efficient over two centuries of practice 

during the Kuahuqiao period, the tendency to retain this technology could have been very 

high; in fact, this technology was retained through the beginning of the Majiabang 

culture, the habitations of which were built on the Xiashu Loess where the bone tools 

would have functioned poorly (Chapter 2). In this new situation, however, ineffective 

bone spades were eventually abandoned and replaced by antler picks and stone spades 

(see Chapter 2). In contrast, bone spades were comparatively efficient, at least on an 

individual level in everyday practice, in the early Hemudu period, in both occupation and 

agricultural contexts. Here, imitation would have been the least expensive adaptive 

strategy, and it was indeed happening, as is evinced by unstandardized yet still usable 

products replete with copying errors and unskilled modifications presumably produced by 

the users themselves (Chapter 4). Although on a group level bone raw material might 

have been scarce (Chapter 3), on an individual level it was still economically less 

expensive and more practical to copy existing technologies used by the majority than to 

conduct experiments to innovate new technologies, especially when the skill 

development required extensive time and effort but the outcomes were uncertain. After 

all, traditions reduce the costs of acquiring information and lower the possibility of 

making mistakes (Boyd and Richerson 2005:379). 
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During the late Hemudu period, the environments of both natural and social 

“selection” changed. Moving their settlements up in elevation to hillsides, people had to 

contend with much harder soils. The later populations therefore had two potential 

options: 1) use wooden digging sticks, as the previous Shangshan and Kuahuqiao 

populations had done, and/or 2) seek out new technologies. Since their intentional 

landscape modification continued to be small in scale, similar to or smaller than in the 

residential zones at Shangshan and Kuahuqiao, the earth-working context alone, again, 

may not have generated a very powerful inducement for the adoption of new technologies 

such as stone spades. In other words, returning to the older technologies, like wooden 

digging sticks, may have been practical. However, increasing cultural interactions with 

the Majiabang populations exposed late Hemudu groups to stone spades, either directly, 

through use of actual artifacts, or simply by communication with or observation of 

Majiabang populations producing such artifacts. Together, these factors encouraged the 

adoption of stone spades to deal with new landscape modification challenges on the 

Ningshao Plain. 

Although the production pattern and social learning strategies for bone spade 

production could have led to the persistence of a bone spade tradition in the Early 

Hemudu culture, without comparing functional variables of bone spades with those of 

alternative technologies, I could not be certain that it was the production pattern alone 

that kept the bone spade tradition in the Hemudu Culture for an extended period. 

Therefore, it was extremely important to evaluate the functional performance 

characteristics of bone spades in comparison with stone spades. 
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I conducted digging experiments in different soils representing the working 

situations which the prehistoric populations in the Lower Yangzi Basin would have 

frequently encountered. Functional performance characteristics evaluated through these 

experiments include 1) both quantitative and qualitative digging efficiency and 2) bone 

and stone use-lives.  

Experimental results suggest that bone spades functioned well in wetlands and 

there should have been little perceptible difference in the functionality of bone and stone 

in this setting. When there was any difference, stone tended to be more efficient in regard 

to consumption of time, energy, and implements. The shortcomings of bone spades for 

large-scale land modification became clearer when I considered implement consumption 

for tillage in the 6.3 hectares of rice fields at Tianluoshan (Chapter 5). However, for the 

people who used the implements to take care of individual and/or family needs, such 

long-term, community-level disadvantages might not have been perceptible. 

In short, purely economic, technical considerations cannot fully explain either the 

continuity of bone spade use during the early Hemudu period when the raw material was 

in short supply or the adoption of stone spades during the late Hemudu period when the 

scale of landscape modification at each site was much smaller in comparison with early-

Holocene villages. 

In the harder-packed sediments, especially those as hard as the Xiashu Loess soils 

and anthropogenic deposits superimposed on them, the functional shortcomings of bone 

spades were immediately perceptible. Thus, soil substrates alone could fully explain why 

the Majiabang people had to replace bone spades with stone spades. The adoption of 

stone spades in the Lake Taihu area enabled the creation of artificial rice fields in the 
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Xiashu Loess, separating cultivated from wild populations, and thereby speeding up the 

expression of domesticated phenotypes. Although most of these outcomes might not have 

been expected, they provided a solid base for the spontaneous development of intensive 

rice agriculture. Moreover, crafting spades from stone allowed mass production of earth-

working implements that were needed for large-scale land use for rice agriculture and 

settlements (Chapter 5). 

The following table summarizes my main findings. 

 

Table 6.2: Threshold performance matrix for bone and stone spades 

Activity and performance characteristic Bone spade Stone spade 

Had symbolic meaning in the studied societies - - 

Raw material nearby + + 

Raw material easily procured + - 

Raw material available year round - + 

Raw materials were abundant (allowing mass production) - + 

Low breakage risk in manufacture + - 

Low minimal level of know-how (thus do not require training) + - 

Low level of knowledge complexity - - 

Fast manufacture - + 

Low cost in manufacturing tools - + 

Wetland penetration + + 

Xiashu Loess penetration - + 

Small scale landscape modification + + 

Large scale landscape modification - + 

Note: + = meets basic performance requirements; - = does not meet basic performance requirements. 

 

Many sources of evidence helped to answer my questions regarding the formation, 

persistence, and termination of the Hemudu bone spade tradition and its influence on 

land-use strategies. I concluded that technological choices were made based on direct, 

relatively easy-to-perceive benefits rather than on optimal return rates, and that the 
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resultant technological tradition in turn imposed significant technical and conceptual 

constraints on long-term land-use plans for subsistence and settlements.  

Easy penetration of the wetland ground allowed a wide range of technical solutions. 

The convenient morphology and acquisition of scapulae encouraged the invention and 

use of bone spades in Kuahuqiao. Frequency-dependent bias within a self-sufficient 

household production system helped ensure the persistence of traditional implements in 

the subsequent Hemudu Culture, even when raw material became scarce.  

The choice of earth-working implements in turn affected the feasibility of different 

forms of land use. Functional constraints of bone spades in the Xiashu Loess versus their 

effectiveness in wetlands may have encouraged the Hemudu populations to extend the 

use of bone spades to include habitation in wetlands. However, use of bone spades 

provided very limited support for expanding villages and rice production, even in 

wetlands. Even so, the bone spade tradition and associated land-use strategies did not 

change until both strong environmental and cultural forces were encountered. This 

suggests that technological constraints have influence beyond merely technical issues. 

Although bone spades were invented as a solution to enhance rice production, once 

adopted, they influenced strategic thinking about other earth-working problems, and 

would have significantly affected what people expected and planned to get from their 

surroundings. Such a conceptual influence discouraged communities from relocating and 

adopting other forms of agriculture and settlement construction for an extended period, 

even though the flood-prone wetland adaptation was unstable and life there became 

increasingly untenable. In contrast, the initial choice of Xiashu Loess habitation forced 
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the Majiabang-Songze populations to rapidly adopt stone earth-working implements 

which could have led the economies and cultures in different directions. 

The broader implications of my research 

The research reported in this dissertation has a number of implications for 

archaeological theories and methods, and our understanding of the pathways to 

agriculture and sedentism, beyond the Chinese cases that stimulated it. 

Archaeologists have made great efforts to study technological choices and human 

behavioral changes. Two of the most popular theories are Optimal Foraging Theory and 

Human Behavioral Ecology. Both perspectives assume that humans are optimum-

oriented and they choose alternative technologies by analyzing costs and benefits. A less 

commonly used theory, Design Theory (Horsfall 1987; Kleindienst 1975), however, 

argues that individuals have limited computational abilities and incomplete information, 

and therefore they rely mostly on trial-and-error learning and accumulative experience to 

achieve locally effective solutions. Dual-Inheritance Theory points out that means of 

cultural transmission must have also played a role in technological choices. Of course 

identifying means of cultural transmission in archaeological contexts is very challenging. 

Many scholars tend to follow only one of these theories and only look for evidence from 

one particular factor highlighted by that theory. In my research, I tried to synthesize these 

diverse theoretical perspectives. Instead of assigning primacy to one particular factor, I 

explored multiple aspects of a technology to identify the decision-making strategies that 

the Hemudu people employed. 

As a result, I found that efficiency, shown by many case studies to have been 

important in technological choices, was not all-important in the Ningshao Plain case. 
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Although the Hemudu people did eventually adopt the more efficient stone spades, it was 

only after their benefits became overwhelmingly clear. Small advantages seem to have 

had little effect, so that bone spade technology was continued even when stone spades 

would have provided a modest improvement in efficiency. Rather, the ease of social 

learning and the costs of acquiring new technological skills are necessary to explain why 

Hemudu people chose to continue using bone spades. However, without the replicative 

experiments that allowed firm comparisons of costs and benefits between the two 

technologies, I would not be able to claim that efficiency did not always directly 

influence human decision. It is possible that cultural transmission, as well as other easy-

to-perceive benefits, have played larger roles in prehistoric technological choices than 

many archaeologists believe, even when there are clear differences in effectiveness 

between the options.  

I also believe that we need to reevaluate previous case study which showed 

efficiency as the primary consideration in technological choices, to see if other factors 

might also have influenced the decision making process. Behavioral Archaeology offers 

the most thorough framework to approach this problem, for it encourages scholars to 

check many potential aspects even after one factor has appeared to provide a reasonable 

explanation. Application of this framework to future case studies of technological choices 

should produce widely comparable results. 

Many analytical tools that I developed in this project can be used to investigate 

similar questions in other times, regions, and cultures. These tools include (1) an 

approach combining quantitative and qualitative analyses to discover factors leading to 

technological differentiation, (2) a modified approach to soil analysis better suited to 
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archaeological questions, (3) ways to identify raw material preferences within one 

skeletal element for crafting bone tools, (4) a way of identifying learning strategies based 

on rich evidence on procedural standardization that is more convincing than research that 

only examines metric standardization, and (5) equations and datasets of time and energy 

costs for a variety of activities. Experimentation was crucial for producing these 

analytical tools, and I hope that my experimental designs can also be used as templates in 

future research.  

 Finally, I hope that my work also reminds other researchers to consider pathways 

to agriculture and sedentism from perspectives that have been less thoroughly explored. 

Often researchers search in the local ecology and social conditions to explain the 

intensification of agriculture and sedentary societies. Associated technologies are taken 

for granted and their roles in these developments are considered to be secondary. My 

research, like that of many others, shows, however, that in some cases technologies can 

be an important factor in encouraging or permitting other social and economic changes. 

The cultural preference for bone spades limited the Hemudu society so that they did not 

experience the cultural complexity seen in the society to the north. But I am also aware 

that my interpretation is just part of the story. Many other factors, such as the ecology and 

both natural and social resources, would have also contributed to the divergence of both 

social and economic complexity. My research, however, helps to complete the picture by 

providing a perspective that has heretofore been largely ignored. 
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