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Abstract

Water has been cited as a key factor in influencing the emergence of complex society
and the development of early cities throughout the world prehistory. Lianghzu, one of
the earliest ‘state’ societies in East Asia dated from 3300 to 2300 BC, is characterised
by its elaborate jade artefacts and hierarchical social structure. The centre of this culture
is the 300 ha Liangzhu City located in the Hangzhou Bay area where complex hydraulic
systems and waterways have been discovered near colossal man-made earthen mounds.
Very little is known about how changes in the local hydrology affected the construction
and development of Liangzhu City or how water influenced the complexity of the

Liangzhu Culture.

By focusing on Liangzhu City and its nearby landscape, this study applied a series of
geoarchaeological methods — namely soil micromorphology, bulk sedimentology, and
GIS-modelling — to investigate and model the long-term human-landscape relationships
between Liangzhu city, its surrounding landscape and its hydraulic regime. GIS data
were processed to reconstruct regional hydrological conditions. Soil profiles were
sampled from the Zhongjiagang Watercourse inside Liangzhu City to understand the
nature of the infillings and water sequences of this inner-city waterway throughout
different stages of city development and its relationship with the near bank mound
construction. Settlement sites within the city were studied to examine patterns and
details of occupational sequences and their long-term relationship to the changes in
local hydrological regimes. Additionally, a series of settlements and profiles outside the

city were also sampled in order to understand the sedimentation processes, changes in



hydrological conditions, and the interactions of human occupation and local landscape

at a regional scale.

In this research, the major climate and hydrological shifts and the associated cultural
responses have been determined from high-resolution sedimentation records, with the
changing water regime considered as one of the most important factors influencing the
appearance, development and the demise of Liangzhu City. This detailed
geoarchaeological research study of Liangzhu City will enhance our understanding of
how the management and exploitation of water has contributed to the formation of early
state societies, and how changing hydrological conditions contributed to the

development and destruction of one of the earliest known cities in East Asia.
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Chapter 1: Introduction

1.1 General introduction

Water has been cited as a key factor in influencing the emergence of complex society
and the development of early cities throughout the world. Lianghzu, one of the earliest
‘state’ society in East Asia dated from 3300 to 2300 BC, is characterised by its elaborate
jade artefacts and hierarchical social structure. The centre of this culture is the 300 ha
large Liangzhu City located in the Hangzhou Bay area where complex hydraulic
systems and waterways have been discovered near large-scale man-constructed
platforms (Liu and Wang, 2007; Renfrew and Liu, 2018) (Figure 1.1). Current evidence
suggests that both hydrological and climatic changes may have directly influenced the
vicissitude of this city (Long et al., 2014; Wu et al., 2014). However, how the
construction and development of this city is related to the changing local hydrologic
regime, and how water is related to the complexity of the Liangzhu Culture are

interesting but little understood questions.

Focusing on the Liangzhu City and its nearby landscape, this study applied a series of
geoarchaeological methods, namely soil micromorphology, bulk sedimentology and
GIS-modelling, to investigate and model the long-term human-landscape relationship
between Liangzhu City, its surrounding landscape and its hydraulic regime. GIS data
were processed to reconstruct regional hydrological conditions. Soil profiles were
sampled from the Zhongjiagang Watercourse inside Liangzhu City to understand the
nature of the infillings and water sequences of the inner-city waterway throughout
different stages of city development and its relationship with the near bank platform
construction. Settlement sites inside Liangzhu City were studied to examine patterns

and details of occupational sequences and their long-term relationship to the changes in



local hydrological regimes. A series of outer city settlements and profiles were also
sampled to have a glimpse of the sedimentation processes, changes of hydrological
condition, and interactions between human occupation and the local landscape at a

regional scale.

This research aimed to reconstruct the sedimentary and hydrological history of
Liangzhu City, and studied how Liangzhu people modified their local landscape and
exploited near-water resources by reconstructing the formation process of canals and
platforms of Liangzhu City. In this study, the occupation pattern of Liangzhu City was
revealed, as well as major hydrological shifts and associated cultural responses being
recognised and discussed. The changing water regime is considered as one of the most
important factors influencing the formation, consolidation and the decline of the
Liangzhu City. This study provides a unique opportunity to understand how an early
city interacted with its local water regime, especially in an East Asian context that is

relatively little known by world archaeologists.

1.2 Research questions

1.2.1 Water and the development of early cities

Water is one of the most important resources for human survival and also one of the
most important factors influencing the formation, development and decline of early
cities. The interaction between water and early cities has thus become a primary

relationship which archaeologists need to understand.

On the one hand, the variation and fluctuation of hydrological conditions, influenced
by climatic, eustatic and landscape conditions, has influenced the ebbs and flows of
early cities around the world, either through extreme fluctuation of water conditions

such as large flooding and drought events, or indirect impacts on the ecosystem,
2



agriculture, and land resources (Middleton, 2012; Weiss & Bradley, 2001 etc.). For
instance in Southern Mesopotamia, regional eustatic and climatic changes that create
productive habitats, flat and newly formed land resources, and high water table that
promoted the efficient transport of goods, ideas and people and the formation of
irrigation agriculture, facilitated the transition from small sedentary communities to
early cities (Algaze, 2001; Kennett & Kennett, 2006 etc.). Moreover, the increased
aridification and consequent decrease in agricultural productivity in the late 4™
millennium BC may in part led to the collapse of Uruk society in northern Mesopotamia
(Charles et al., 2010; Kennett & Kennett, 2006; Weiss, 1997, 2000). In North Africa,
the desertification of the Egyptian Sahara during the Holocene provoked stress on
population in the Nile Valley and may have stimulated the rise of Egyptian civilization
(Brooks, 2006; Malville et al., 1998; Pennington et al., 2019). In the Indus valley, the
abandonment of urban centres is probably related to the drying climate caused by the
weaken of Indian monsoon, which led to the drying up of lakes and a reduction of water
supply to the urban centres, such that Indus settlements in different socio-ecological
scenarios adopted diverse strategies to cope with this dramatic change (Angourakis et
al., 2020; Clift & Giosan, 2018; Petrie et al., 2017 etc.). In highland Mexico and Andes,
volatile climate and multidecadal drought caused by Intertropical Convergence Zone
migration and changes in EI Nifb frequency are believed to be the direct cause of the
societal decline in multiple sites such as Tiwanaku, Wari and the Mayan civilization
(Chepstow-Lusty et al., 1996; Binford et al., 1997; Kennett et al., 2012; Kennett &
Marwan, 2015).

On the other hand, water management, especially irrigation, has long been argued as
the catalyst for the formation of state society (Steward, 1955; Wittfogel, 1957, 1981).
Although this hydraulic hypothesis has long been both criticised and modified by
archaeologists (Adams, 1966, 1978; Butzer, 1976; Scarborough, 2003), the
management of water is still considered as an important trigger that co-evolved with

complex society (Zhuang & Altaweel, 2018). In early cities, the control of water was



vital for sustaining large populations, as settled farmers are strongly relied on
sustainable water resources and persistent rainfall (Fagan, 1999; Kennett & Marwan,
2015). The control of water then became a method to secure and maintain power, both
in the past and present (Scarborough, 2003; Holt, 2019 etc.). Societies in different
regions and geographic settings adopted various water management strategies to cope
with the local water regime, such as the canal and irrigation networks in Mesopotamia,
the basin irrigation in Egypt, the manipulation of aguadas and the development of
wetland field systems in Mayan times (Berking, 2018; Luzzadder-Beach et al., 2016;
Mays, 2010). The study of water management strategies and its relation to local
geographic setting and cultural traditions may reflect the hierarchy, social organization

and structure, and even the flow of population, goods, and ideas of a specific society.

Decades of archaeological work have demonstrated that the management of water in
early civilizations around the world have shown a great variety and complexity in the
techniques, scales and relationships to land, labour and social organization (Mithen,
2010; Lisa, 2002 etc.). Moreover, the sustainability and resilience of responses to
environmental pressures of different societies are varied according to different local
environment parameters from decline, reorganization, to expansion, and in some cases
no obvious impact can be observed (Aimers & Hodell 2011; Dixit et al., 2014 etc.).
Correspondingly, not all major cultural changes had a climatic trigger (Anderson et al.,
2007). It can be seen that different geographic settings with their unique cultural
traditions may react dissimilarly and develop various strategies and techniques to adapt
and manage local water system, and thus create different pathways towards civilization.
It is thus crucial to study the rise and fall of a specific early society in its local
environmental context and its relationships to the changing water regime through its
unique development history. This relationship between cultural history and water
regime should be determined by thorough and comprehensive study of region cultural
and technology traditions, geographic settings, socio-economy structures, and by the

establishment of high resolution chronological, climatic, hydrological and



soil/sediment records (Maher et al., 2011).

1.2.2 Liangzhu City in its regional context

In the past few decades, Liangzhu City, a walled city located in Southeast China that is
believed to be one of the earliest cities in East Asia (3300-2300 cal. BC) was discovered
and explored in some detail (Liu and Wang, 2007; Renfrew and Liu, 2018) (Figure 1.1).
Currently, large-scale constructed earthen mounds, elite burials and hydraulic structures,
involving about 10 million m? of soil, with associated water systems have been found

in the city (Liu et al., 2019a, 2019b).

Liangzhu City is located in a C-shape basin within a low-lying and marshy environment.
In the early Holocene, it is on the one hand susceptible to the fluctuation of sea water
from the east, and on the other hand receiving river discharges from the Northern and
Western mountainous areas inland, which makes it very vulnerable to local
hydrological changes (Chen et al., 2018; Liu et al., 2018). Before the arrival of
Liangzhu people, only a few Neolithic people had settled in this area because of the
high sea level in this region. The retreat and stabilization of sea water since 7-6 kyr
provided a newly formed, productive, open marsh environment suitable for long-term
human occupation. This inhabitation of coastal margin after sea level stabilization is
also widely seen in other areas around the world, such as in southern Mesopotamia and
Peru (Day Jr. et al., 2007, 2012; Kennett and Kennett, 2006). In this local freshwater
marsh environment, Liangzhu people built gigantic anthropogenic structures such as
dams, mounds and walls to adapt, utilize and control local water resources (Liu et al.,
2017). At the same time, a complex social structure, specific craftsmanship and unified
ideological symbol appear, suggesting the complexity of this culture. The demise of
Liangzhu city at around 2300 to 2000 cal. BC is also believed to be related to changes
in the local hydrological regime (Long et al., 2014; Wu et al., 2014). This appears to
have coincided with the global 4.2ka BP megadrought event (Weiss, 2017), but whether



and how this global scale pressure influenced Liangzhu society and City is not yet clear.
What caused the change in hydrology? What were the scales and intensities of changes?
Was it natural or human-induced? What were the long-term relationships between
society and its hydraulic regime? How have human activities transformed their local
landscape and made use of the local hydrological regime over time? All of these are
important but currently unresolved questions. Therefore, to better understand the
landscape history of Liangzhu City and the complexity of Liangzhu Culture, new
evidence should be sought. In particular, more research should be undertaken to
investigate the role of water control in the development of Liangzhu City, and brought
together with different strands of evidence, such as from soil/sediment analyses, pollen
study, archaeological findings, and the geomorphology survey of the region to further

address these questions.

Google Earth

Figure 1.1 Distribution area of Liangzhu Culture and the location of Liangzhu City.

1.2.3 Research questions

This proposed study aims to investigate and model the relationships between the
Liangzhu City site and its local environmental conditions set against the changing

climatic regime, and especially to investigate the role of water in this floodplain location.



By applying geoarchaeological methods and approaches, this research aims to address
the following issues: 1) the detailed sedimentation and hydrological history across the
inner and outer parts of Liangzhu City; 2) the development history of Liangzhu City,
including the construction and occupation techniques, strategy and history of the City;
and 3) the long-term interactions between climate, hydrological conditions and cultural
activities. Based on the results of these studies, this thesis will chart how the site and
its people may have responded to environmental change, and discuss how water may
have influenced the emergence of social complexity and even possibly led to the demise

of Liangzhu City.

1.3 Research approaches

Geoarchaeology "involves the combined study of archaeological, soil and
geomorphological records and the recognition of how natural, climatic and human-
induced processes alter landscapes” (French, 2015, 1). Four scales of archaeological
landscape contexts are involved in geoarchaeological study. The macro-scale concerns
the land-use and landscape change of the region. The meso-scale or the immediate
region of the site involves the land-use pattern and the position of the site in the
landscape. The micro-scale is the area immediately around the site and deals with the
use of space and human activities in the settlement context. The finest scale is the
within-soil micro-environment and concerns mainly about the soil forming and

transformation factors at work (French, 2003, 2015).

In this study, different approaches were adopted to answer research questions at these
different scales. To be specific, in the macro- and meso-scales, fieldwalking, hand
augering and GIS analysis were used to provide a wide general view of the site’s
location, siting, its relationship with local water systems, and the general stratigraphic
sequences of the landscape. The soil micromorphological and associated physical and

geo-chemical techniques are capable of studying the formation and modification of



sediment and occupation sequences for all scales. But for this study, these techniques
were mainly adopted for the micro-scale and within-soil scale studies of site formation
processes, changes of hydrology/sedimentary processes and long-/short-term stability
and their immediate human response. It involves different types of sediment/soil
encountered in Liangzhu City, including riverine sediments — to study their mechanics
of flow and transport, the buried sediments — to examine the pre-site sedimentary and
hydrological conditions, the occupation sequences — to investigate the occupation
pattern and its relationship to local hydrological conditions, and the constructed layers
— to analyse the techniques and strategies involved and their adaptation to local water
regime. By combining these micro-to-macro scales of evidence, basic modelling of the

landscape/site/cultural evolution of Liangzhu City became possible.

1.4 Thesis outline

This thesis begins with a comprehensive review of the geographical settings and
climatic conditions of the southern Yangtze River Delta, with special emphasis placed
on how Neolithic cultures before the Liangzhu may have adapted to the changing water
regimes. This is followed by an account of the most up-to-date archaeological
discoveries about Liangzhu City, including its layout, the major archaeological findings
inside and outside the city, and the hydrological systems identified so far. Then the
subsistence strategy and reflections of the social complexity of Liangzhu City is
introduced. At the end of Chapter 2, the current progress on the environmental and
sedimentation history of the Liangzhu City site is reviewed. To answer the research
questions, Chapter 3 outlines the sampling strategy and geoarchaeological approaches
employed in this study. The latter mainly includes the application of soil

micromorphology, bulk sedimentology and GIS modelling analyses.

Chapter 4 first reviews the previous GIS research in Liangzhu City, and then presents

the results of the GIS modelling of the river system around Liangzhu City and the



possible ranges of flooding under different depths of inundation.

Chapters 5 to 7 present the results of the micromorphological and sedimentological
analyses of the profiles sampled from Liangzhu City. Chapter 5 focuses on the Middle
and North Zhongjiagang profiles, aiming to provide a complete sedimentation and
hydrological history of the inner area of Liangzhu City. Chapter 6 presents the
geoarchaeological analysis of the Southwest Mojiaoshan and South Zhongjiagang sites,
which studied the human occupation pattern and their relationships to the changes in
local hydrological regimes in different areas of Liangzhu City. Chapter 7 focuses on
the outer Liangzhu City profiles to investigate the relationships between human
occupation and the local landscape from a regional perspective and to provide possible

analogues for the Liangzhu City profiles and sequences.

Chapter 8 synthesises the results from Chapters 4 to 7 in order to provide a high-
resolution record of the sedimentological and hydrological history of the area as well
as the construction and occupation patterns of Liangzhu City. It then discusses the
possible interactions between changing climate, hydrological conditions, and the
development of the city. Next, the possible reasons for the eclipse of Liangzhu City are

explored, and the relationships between water and social complexity are investigated.

Chapter 9 concludes with summaries of the implications of this study for a wider
understanding of the emergence of complex society and human responses to a changing
environment, and the importance of studying site formation processes more widely in
archaeological research. Possible directions for future research are outlined at the end

of this chapter.



Chapter 2: Environmental and
Archaeological Context of the Liangzhu
Culture and the Liangzhu City site

2.1 Introduction

The Neolithic period in China began in approximately 10,000 BC in the Middle and
Lower Yangtze River (Cohen, 2014). After 6,000 years of development, Neolithic
cultures were widely and intensively developed from several centres including the
Northern grassland region, the Yellow River Basin, the Yangtze River Basin, and the
South China region (Zhang, 2001). Although different geographical units had unique
pathways of development during the period from c. 3000 to 2000 BC, complex society
with large-scale cities and a clear hierarchy had developed for example at Liangzhu
(300 ha) in the Lower Yangtze River, Taosi (300 ha) and Shimao (425 ha) in the Middle
Yellow River, and Chengtoushan (18.7 ha) in the Middle Yangtze River (Guo, 2007,
He, 2013; Liu, 2014; Zhao, 2016). Subsequently by 1750 BC, the Shang Dynasty was
established in the Middle Yellow River region, which marked the beginning of the

mature state society of China.

Within this sequence of urban development, Liangzhu is one of the earliest complex
societies in China that shows significant advances in the scale of settlement, craft
technology and the exploitation of water. This chapter reviews the current
understanding of the Liangzhu Culture and Liangzhu City archaeological records, and

the existing environmental and sedimentation research from the Liangzhu City region,

1The concept of ‘Neolithic Culture’ is used in this paper for the purpose of convenience. It refers to a group
of contemporary and sympatric sites sharing a series of similarities including the making and decorating
technique of pottery, ornaments, tools and houses, the rituals of burials as well as symbols such as totems
and monuments.
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before discussing the research debates and challenges surrounding the relationships

between water and the development of the Liangzhu City site.

2.2 Liangzhu Culture

Liangzhu is located in the Lower Yangtze River region and was inhabited from 3300—
2300 BC (Liu et al., 2020). This section first outlines the physical geography and
climate of the Lower Yangtze River region, and then briefly introduces the Neolithic
cultures in this region to provide an overview of the trajectory of regional culture
development and their relationships to the changing water regimes, prior to the

introduction of the distribution and general characteristics of Liangzhu Culture.

2.2.1 Geographical context and climate of the southern Yangtze River Delta Plain

The study region is located in Eastern China (N28°45'-33°25', E118°20'-123°25") in a
delta between two major rivers, the Yangtze, and the Qiantang. Based on current
geomorphology, this delta can be further divided into three smaller plains: The Tai Lake,
Hangjiahu and Ningshao Plains (Figure 2.1). However, in the early to middle Holocene,
this delta was relatively isolated from nearby geographic features. In the north, the
Ningzhen Mountains formed a natural barrier together with the Yangtze River. In the
south, the Dongnan Hills, where the earliest Neolithic cultures of this region probably
originated (ZPICRA and Pujiang, 2007), also became an impediment for prehistory
people. Therefore, in Neolithic times, this region was more like a peninsula between

the ancient estuaries of the Yangtze and the Qiantang (Liu, 2010).

The monsoon climate and the flat estuary landscape are the two main factors
influencing the vegetation and hydrology of this region. Due to its closeness to the sea
and its low elevation of about 3m above sea level (Ningbo, 2014), this estuary area is

generally sensitive to sea-level fluctuations and regularly suffers from typhoons from
11



July to September. This area is in the subtropical monsoon climate zone and is
characterised by mild winters and warm, humid summers. The duration and amount of
precipitation is largely controlled by the intensity of the East Asian summer monsoon.
The rain season normally continues from March to June and then August to September
and the abundant precipitation may be exacerbated by rainstorms and storm surges that
come with the typhoons, causing flooding and waterlogging in this poorly drained, flat
estuary area. From mid-July to mid-August, the subtropical high predominates and

causes high temperatures and drought.

Although floods and droughts are common in this estuary area, the seasonal rainfall,
which is largely caused by the monsoon climate, also fosters the appearance of food
production by providing a natural flood recession that encourages the growing of wild
rice (White, 1995). The fertile, flat land in the delta area provided a solid foundation

for human settlement and the development of agriculture.

2.2.2 The Neolithic cultures in the southern Yangtze River Delta Plain from 9000 to
3000 BC: An adaption history of the changing water regime

Since the early Holocene, the development trajectories of the prehistoric cultures in the
southern Yangtze River Delta Plain were closely related to the geographical conditions
and the changes in the hydrological regime (Chen and Wang, 1998). This section will
briefly outline the changes in the environment and the development of the Neolithic

cultures before the appearance of Liangzhu Culture.

2.2.2.1 The beginning of rice exploitation: The Shangshan Culture

After the Last Glacial Maximum (LGM) and Younger Dryas events, which happened
in South China around 9100-8300 BC (Huang et al., 2002), the climate of the Lower
Yangtze River became increasingly mild, warm and humid (Zheng et al., 2016; Zhu et
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al., 2003). The higher temperatures contributed to a rise of sea level from -130 to -150m
in LGM to -50m in 9000 BC and -15m in 6500 BC in the East China Sea (Xu et al.,
1997). Research shows that from 10,000 to 6000 BC, the difference in solar radiation
between winter and summer was much greater than at present (Binford, 2001), and with
the influence of the monsoon climate, the seasonality of the Lower Yangtze River
increased, which may have fostered the appearance of storage and food production in

this region (Chen, 2006).

During this period, there was basically no prehistoric settlement in the Tai Lake region
due to the high sea level (Lin et al., 1989). Most of the Neolithic sites were found on
the south bank of the Qiantang River on the Ningshao Plain at relatively high altitudes.
The earliest Neolithic culture that has been found in this region is the Shangshan Culture
dating from c. 8000 BC to 6500 BC (ZPICRA and Pujiang Museum, 2007). This culture
was distributed across the second terrace of the upstream Qiantang River (Figure 2.1)
among a covering of evergreen broadleaf and coniferous mixed forest (Zheng et al.,
2016). The Shangshan were largely a hunter-gatherer society, with some possible early
settlements (ZPICRA, 2007). Evidence from use-wear, residue analysis (Wang, 2016)
and phytolith analysis (Zheng and Jiang, 2007) show that the Shangshan people began

to collect and consume wild rice, with rice husks used as temper in pottery.

2.2.2.2 Settlements in swampland: The Kuahugiao and Hemudu Cultures

At around 6500 BC, the Taihu Plain was still susceptible to marine flooding both in the
spring and with storm tides, making it unsuitable for human settlement due to the high
flood risk (Wang et al., 2020). Neolithic settlements have only been found in the upland
areas of the Ningshao Plain, which have been traced to the Kuahugiao culture (6200 to
5000 BC) (Shu et al., 2010; ZPICRA, 2004), who may be possible descendants of the
Shangshan. The Kuahugiao people (Figure 2.1) continued to cultivate rice on a small

scale (Hu et al., 2020; Jiang, 2013) and built their settlements on swampy land. A 5.6m-
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long canoe with two paddles was preserved in one waterlogged site, which is the earliest
canoe found in China (ZPICRA, 2004). From 5500 to 5000 BC, the sea level kept rising
(Xiang, 2015). Geochemical and diatom analyses have shown that the Kuahugiao and
its surrounding areas were constantly influenced by seawater, and transgression by the
sea might be the reason for the termination of settlement and cultivation of this culture

(Innes et al., 2009; ZPICRA, 2004; Zong et al., 2007).

Since 7ka BP, the sea-water of the East China Sea has regressed, with the land around
Tai Lake deposited. At the same time, the climate became milder and more moist and
prehistoric peoples started to build their settlements on the downstream floodplain areas.
During this period, there were two dominant Neolithic cultures in the Lower Yangtze
River region: the Hemudu Culture on the Ningshao Plain (Figure 2.1), dating from 5000
to 3000 cal. BC, and the Majiabang Culture (Figure 2.1) who developed near Tai Lake
and dated from 5100 to 3900 cal. BC (Wang, 2013).

Hemudu people also built their houses on swampy land. They used a form of
rectangular longhouse (23*7 m) on stilts, raised about one metre off the ground to tackle
the fluctuations in water level (ZPICRA, 2003a). Canoes, a bridge and a timber-framed
well have also been found. The Hemudu people began to reclaim land for rice farming
(Zheng et al., 2009) together with acorn and aquatic plants such as the water chestnut
and gorgon fruit (Fuller et al., 2011). A transgressive layer dated at 4400-4300 cal. BC
was found overlying the Hemudu layer at both the Tianluoshan (Figure 2.1) and Yushan
sites (Figure 2.1), which may in part cause the demise of the Hemudu Culture (He et

al., 2018; Zheng et al., 2012).

2.2.2.3 Settlements on dry land: The Majiabang and Songze Cultures

Majiabang (5100-3900 BC) and the following Songze culture (3900-3200 BC) (CPAM,
1992) were both distributed around the Tai Lake Plain (Figure 2.1). Majiabang people
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started to build their dwellings on dry ground, while the Songze people lived mainly on
artificially constructed mounds. The construction of these mounds requires engineering
skills to work with earth materials, which was later inherited by Liangzhu people.
During this period, the scale and techniques of rice farming further developed, with
paddy fields with irrigation systems appearing (4280 cal. BC) at the Chuodun site,
which is believed to be the earliest paddy fields known so far (Hu, 2013). Possible stone
ploughs appeared around this time and were popularized during the Songze period
(Wang, 2013b). Jade artefacts and preliminary social stratification developed in
Majiabang period and were further intensified in the Songze period (Chen, 2018; Liu,
2019b). The development of the Majiabang and Songze cultures were also constrained
by the hydrological conditions. According to the analyses of pollen, carbon isotope
813C, magnetic susceptibility and Rb/Sr values, extreme low temperature and flooding
events occurred in 4400 BC, 4000 BC and 3500 BC, which may have caused the
interruptions in the Majiabang and Songze cultural layers (Zheng, 2005).

2.2.3 The distribution and characteristics of the Liangzhu Culture

In the Lower Yangtze River area, the change in hydraulic regime was a limitation as
well as an impetus for the development of complex society. For over five thousand
years, the prehistoric people in this region adapted and exploited the changing water
environment by developing structures and techniques such as stilt houses, artificial
mounds, bridges, canoes and wells, and making use of natural flood recessions to grow
rice as well as moving their settlements from upstream basin positions to the wider
floodplain area. During this process, the scale of food production, the population size,
the scale of settlement, the technological level and the complexity of the society all

increased, which provided a solid foundation for the appearance of Liangzhu.

Evidence of the Liangzhu culture (3300-2300 BC) was first discovered by SHI Xingeng
in 1936 (Shi, 1938). This culture has inherited the techniques and tradition of rice
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farming, the preference for jade artefacts and the tradition of living in man-constructed
mounds from previous Majiabang and Songze cultures but showed a higher level of
social complexity in every respect (which will be further elaborated in section 2.3).
After 80 years of archaeological work, more than 600 sites distributed over an area of
about 18,000 square kilometres of this cultural period have been found so far (Guo,
2014; Liu et al., 2020). In general, most of the sites are concentrated in three regions
(Qin, 2013). The first region was in the Tai Lake plain area (Figure 2.1), and the second
was around the Hangjiahu Plain (Figure 2.1). In these two areas, early Liangzhu culture
was developed and found to overly previous Majiabang and Songze cultural material.
The third region, the so-called Liangzhu site complex, was located in a C-shape basin
north to the Hangzhou Bay (Figure 2.2). Before the arrival of Liangzhu people, only a
few Neolithic people had settled in this region because of the high sea level during the
early Holocene (Qin, 2013). Since 3300 BC, this region became ideal for human
occupation, and a walled city was constructed, with around 300 Liangzhu sites having
been found so far (Liu et al., 2020). This walled city, the so-called Liangzhu City was
the centre of the entire Liangzhu Culture and is the main study objective of this PhD

research.
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Figure 2.1 The
geomorphology of the
Lower Yangtze River. The
blue triangles refer to the
sites and Neolithic Cultures
mentioned in this chapter.
The black dots refer to
Liangzhu period sites found
in the region (adapted from
Liu et al., 2020)
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Figure 2.2 The C-shape Liangzhu Basin and the distribution of Liangzhu sites in the basin (adapted from Liu et al., 2020)
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2.3 Liangzhu City site: The Emergence of Early State
Society in China in 3000 BC

2.3.1 Introduction: Geographic Settings and Chronology

The Liangzhu City site (E119°56'41"~120°03'28", N30°22'36"~30°26'17") is located
in a C-shaped basin (Figure 2.2) at an elevation of about 2 to 5 metres above sea level
in the Pingyao and Liangzhu County of Yuhang District, Hangzhou City, China. For
the convenience of future discussion, this basin will be referred to as the Liangzhu Basin
in this thesis. To the west and north of this basin are the mountains and hills of West
Zhejiang. These low mountains were mainly formed by volcanic eruptions during the
Mesozoic era (Dong et al., 2019). The major types of outcropping rocks are pyroclastic
rocks (rhyolitic tuff, quartz tuff, and andesite), sedimentary rocks (sandstone,
conglomerate, and mudstone), and hypabyssal intrusive rocks (ivernite). The terrain of
this basin is higher in the west than in the east, with the streams and sediment from the
mountains running eastward. East of the Liangzhu Basin is the Hangjiahu Plain, formed
by overbank deposition from the Yangtze River. Generally speaking, this basin is

relatively isolated with respect to nearby geographical units.

Nowadays, the Liangzhu Basin is densely covered with stream channels with a drainage
density of 1.4 km/km? (ZPICRA, 2005b). Among all the streams, the East Tiao River
is the largest and most important river in this basin currently flowing in a southwest to
northeast direction into Tai Lake. At present, this river flows approximately 100 metres
northwest of Liangzhu City at its closest point, although based on historical documents
(Wu, 1987) and geographical evidence, the river used to flow south into the Palaeo-
Qiantang valley during Neolithic times (Yan, 1987). However, beginning in the Eastern
Han Dynasty (AD 25-220), the West Hangzhou Dam was built to protect Hangzhou
City from being flooded by the East Tiao River, changing the direction of its course

(Jinetal., 2005). The survey from the Nature Museum of Zhejiang Province shows that
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no large rivers were nearby at the time Liangzhu City was built in around 3000 BC (Jin

et al., 2005).

The earliest Neolithic remains found in the Liangzhu Basin can be dated back to the
Majiabang (5100-3900 BC) and Songze (3900-3200 BC) periods, although very few
locations have been found so far (Liu, 2019a). This region has been intensively
occupied since the Liangzhu period and most sites are concentrated in the northern part
of the basin (Figure 2.2). In general, the Liangzhu sites found in this region can be
separated into five phases (Qin et al., 2019): the early stage of the Early Liangzhu
period (3300-3100 cal. BC), the late stage of the Early Liangzhu period (3100-2850
cal. BC), the early stage of the Late Liangzhu period (28502600 cal. BC), the late stage
of the Late Liangzhu period (2600—-2300 cal. BC) and the Qianshanyang period (2300—
2000 cal. BC) — named after a recently discovered culture that succeeded the Liangzhu

(Hou, 2016).

2.3.2 The layout and major archaeological findings of the Liangzhu City site

Liangzhu City consisted of dam systems, the city wall, burials, and inner-city and
suburban settlements (Liu and Wang, 2014) (Figure 2.3). All of these were found on
high ground, either on artificial mounds or natural low hills. In the early stage of the
Early Liangzhu period (3300-3100 cal. BC), only a few settlement sites and burials are
found in foot of natural low hills. The settlements mainly succeed the Majiabang and
Songze period settlements in this area and were clustered around the foot of low hills
(Figure 2.2). The major cluster is around the Daxiong Mountains, where near-water
settlements (Miaogian site) and dozens of early Liangzhu burials (Guanjintou site) with
various delicate jade artefacts have been found (Zhao 2015; ZPICRA, 2005c). The late
stage of the Early Liangzhu period is believed to be the ‘golden age’ of Liangzhu City
with the construction of large settlement and/or ritual areas, dam systems and elite

burials. In the early stage of the Late Liangzhu period, outer city settlements, such as
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the Bianjiashan and Meirendi sites, formed a rectangular rim surrounding the Liangzhu
City. The construction of the city wall also began during this stage, and the basic layout
of Liangzhu City was completed during or slightly after this stage. During the late stage
of the Late Liangzhu period, settlements both inside and outside the city kept expanding,
and new settlement sites such as the Shigianyu site 2km northeast of Liangzhu City
have been found. Only a few archaeological remains from the Qianshanyang period
have been found inside the city. In the following section, using the city wall as a
segregation, the layout of Liangzhu City will be described based on the location inside
or outside the city. The dam systems and channel systems of Liangzhu City will be

introduced separately.

Figure 2.3 Plan of the Liangzhu City: 1 The Tangshan Dam, 2-5 Low dams, 6-11 High
dams, 12 Liangzhu City wall, 13 Mojiaoshan mound, 14-15 Outer city settlements, 16
Fanshan cemetery, 17 Yaoshan cemetery, 18 Huiguanshan Cemetery (Courtesy of
ZPICRA).
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Figure 2.4 Layout and reconstruction of the water
systems of the Liangzhu City; a: Liangzhu City
sites mentioned in this chapter: 1 Mojiaoshan, 2
Huangfenshan, 3 Chizhongsi, 4 Zhongjiacun, 5
Lijiashan, 6 Fanshan, 7 Jiangjiashan, 8
Zhongjiagang Watercourse, 9 Meirendi, 10
Biandanshan, 11 Lishan, 12 Bianjiashan; b: DEM
and current archaeological findings in the
Mojiaoshan Mound. The blue refers to waterways
and the yellow rectangle refers to building
structures (Courtesy of ZPICRA).
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2.3.2.1 Archaeological findings inside Liangzhu City

The inner part of Liangzhu City mainly comprised large settlements and burials in high
mounds with channels between these high grounds (Figure 2.4).

The Mojiaoshan mound

In the centre of the city is the Mojiaoshan mound (3000-2840 cal. BC), which is
considered the ‘palace’ of Liangzhu City. It is 670m long, 450m wide, 10m high and
29 hectares in size. This 10-m-high mound was mostly man-made, except for the
western part, which incorporated the natural topography (Liu and Wang, 2014). Three
smaller mounds were found on top of the Mojiaoshan mound. The largest
Damojiaoshan mound (Figure 2.4b) is 15m in height, and on which large houses
(palaces) and the remains of the biggest building with an area of 947m? have been found
(Liu et al., 2019a). Multiple layers of sand and clay paved the rest of the Mojiaoshan
mound. The excavator recognized this as a ‘plaza’ and two lines of poorly-preserved
house remains were found in this ‘plaza’ (Liu et al., 2019a). On the edge of the
Mojiaoshan mound, thick deposits of domestic refuse have repaved and raised the
surface three times. Inside these deposits, a 600—700m=storage pit with a huge waste
accumulation of rice (between 10,000 and 15,000 kg) has been found (Liu and Wang,
2013).

Other inner-city settlements

South of the Mojiaoshan mound is the Huangfenshan mound that is 24 hectares in size.
This mound is believed to be a constructed ‘palace’ area similar to the Mojiaoshan
mound but is currently unexcavated. Recently, remains of around 200,000kg of charred
rice were found in the Chizhongsi site west of the Huangfenshan mound (Liu et al.,
2019a).

Using systematic augering, other mounds to the north and east of the Mojiaoshan
mound have also been found, although these mounds are mainly smaller settlement sites
or craft areas near channels/ditches (Liu et al., 2019a). Currently, 37 mounds from the
Early Liangzhu period have been identified. During the Late Liangzhu period, the
occupation area expanded, small mounds merged into larger settlement areas, and 19

mounds were found. Possible jade/stone workshops and lacquer/wood workshops were
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also found at the Zhongjiacun and Lijiashan sites, respectively (Liu et al., 2019a).

Elite burials

The Fanshan and Jiangjiashan cemeteries were constructed on high ground and are
located to the west of the Mojiaoshan site (Figure 2.4). The Fanshan cemetery (3300—
2900 BC) was discovered in 1986 and contained more than three thousand jades from
eleven tombs, making it the richest cemetery of the Liangzhu Culture (ZPICRA, 2005a).
Among all the jade items, the cong and yue with elaborate ‘sacred human and animal’
motifs from Tomb M12 are particularly elaborate (Figure 2.7) (ZPICRA, 2005a). The
Jiangjiashan cemetery south of the Fanshan has also been excavated recently, with
fourteen burials and 582 pieces of jade artefacts being found. Elite and common people
of all ages and genders were buried together in this cemetery. The excavator inferred,
therefore, that the Jiangjiashan cemetery could have been a family cemetery (Liu et al.,
2019d).

The city wall

Earthen walls with stone foundations resembling city walls were confirmed in 2006—
2007 by coring, surveying, excavation, and GIS recording techniques (Liu and Wang,
2016). The wall has a perimetre of about 7.5km and enclosed an area of 300 ha. The
best-preserved part of the wall was 4m high and 40-60m wide at its base (Liu and Wang
2013). Like other walled sites in the Middle Yangtze River region, the wall had a wide
base and a gentle slope, and so was not believed to have been defensible (Wen, 2011).
Some scholars believe, therefore, that the city wall was used for flood prevention
(ZPICRA, 2008). Nonetheless, residential remains have been found on top of the city
wall (Liu and Wang, 2014) suggesting that the wall may have had multiple functions.
Current dating suggests the city wall was inhabited between 2600 and 2300 BC (Qin et
al., 2019), but exactly when the city walls were constructed is still controversial, as it

is difficult to date the construction material of the walls.

To counteract the swampy land, the wall was bedded by pebbles (Figure 2.6a) and was
stacked with pure yellow clay or ‘clay wrapped with grasses’ (a construction material,
described in section 2.3.2.3). Trench excavations in the sides of the walls have found a

total of 29 ha of stonework, all for making the city walls (Wang et al., 2019; Liu et al.,
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2019b). A petrological study of these materials shows that the pebbles were derived
from the foothills of the nearby mountains and were only transported a short distance
(Lv et al., 2015). Interdisciplinary research by Wang et al. (2019) revealed that the
Liangzhu people may have worked in small groups to collect surface-accessible, hand-
carried, 10-35cm stones from diverse sources which weighed around 5kg. These
bedded pebbles were distributed continuously except for nine 10m-60m wide notches
in the wall, which were identified as the gates of the city. Eight of the notches were
identified as water gates because of the presence of ancient water channels discovered
by coring. Only one land gate was found. The water gates were distributed two per each
wall side with the only land entrance located in the south wall (Liu et al., 2019b) (Figure
2.4).

2.3.2.2 Archaeological findings from the outer Liangzhu City

In 2010, by using GIS techniques together with coring and excavation, a series of
residential remains surrounding the city walls, namely the Meirendi, Biandanshan,
Lishan and Bianjiashan sites were confirmed as suburbs of Liangzhu City (ZPICRA,
2015a) (Figure 2.4). These remains were all located on 2-3m high, 40-50m wide,
rectangular, artificial mounds constructed either on wetland or high ground (Liu et al.,
2019c). Elite burials and settlement clusters are also found within five kilometres of
Liangzhu City. This section will introduce some of the most well-studied and well-

dated sites from outer Liangzhu City.

The suburbs of Liangzhu City

The Bianjiashan site is a 1km long, 20-50m wide artificial mound south of the Liangzhu
City. The site was constructed and occupied between 2900 and 2500 cal. BC (Qin et al.,
2019). Altogether, 66 commoner tombs were found near the occupation area, which
was believed to be a residential area. Abundant human waste and utensils such as shell
midden, animal fossils, pottery with elaborate carvings and symbols, exquisite
lacquerware and stone artefacts were found. Additionally, and uniquely, a pier with
10m timber trestles as well as three wooden paddles were found, and over 150 timber
piles and five rows of bamboo fencing had been constructed to protect the pier

(ZPICRA, 2014) (Figure 2.5a). Other rarely seen artefacts were also discovered, such
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as an earthen roof model of a Liangzhu period house (Figure 2.5c) and a vessel made

from a human skull.

Figure. 2.5 Piers, bank protection materials and a roof model excavated from the
suburbs of Liangzhu City; a: The pier with 10m timber trestle from the Bianjiashan site;
b: wooden bank protection structure from the Meirendi site; c: earthen roof model from
the Bianjiashan site (Photos courtesy of ZPICRA).

The Meirendi site is located east to the Liangzhu City. It is a 270m long, 30-60m wide
rectangular mound built and occupied between 2900 and 2500 cal. BC (Qin et al., 2019).
This site is believed to have been constructed near and around a 30m wide canal, with
the riverbanks protected by a complex wooden structure formed by pieces of wooden
sleepers placed in a south-north direction at the bottom, overlain by beams in an east-
west direction with standing wooden planks on top (Liu et al., 2017) (Figure 2.5b).

Elite burial and possible ritual areas

The Yaoshan cemetery was found on the western slope of Dazhe Mountain 5km
northeast of Liangzhu City, with 13 tombs and more than 2500 jade objects
accompanying the burials (ZPICRA, 2003b). The Yaoshan site is 40 x19m in size, and
shows a special structure: “Trenches were first dug out and the earth was compacted to
form a concentric square structure with a red earthen platform inside, a square of
trenches filled with greyish earth in the middle, and a gravel platform on the outside”
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(Liu et al., 2019a, 35-36). Tombs were then dug into the centre of these platforms. This
earthen structure was believed to have a specific religious meaning and may have been
used as a sacrificial place such as an altar (ZPICRA, 2003b). The organic matter at the
Yaoshan site did not preserve well, so the dating of the Yaoshan tomb was determined
according to the comparison of the typology of the pottery from the Miaogian tomb that
had '*C-dating data. The Yaoshan cemetery may have dated from approximately 3300
to 3000 BC, which would make it one of the earliest cemeteries of the Liangzhu culture
(ZPICRA, 2003b).

The Huiguanshan cemetery was excavated in 1991. This cemetery was built on a natural,
small hill 2km west of the Liangzhu City. Four tombs with more than 200 jade objects
were found. The date of this cemetery is similar to Fanshan, and it also has ditches filled
with grey clay like the Yaoshan cemetery. The excavator proposed that this could also
have been an altar based on its similarity with Yaoshan (ZPICRA, 2001).

2.3.2.3 The control and exploitation of water of the Liangzhu City

The control, management and exploitation of water based on local topography is one of
the most striking characteristics of Liangzhu City. This section will briefly outline the
hydraulic system outside Liangzhu City, the channel systems inside the city walls, and
the techniques developed for living near the water.

The hydraulic system

In the outer city, a series of engineering works for controlling the water were confirmed
by the survey conducted from 2009 to 2013 (ZPICRA, 2015b). These water control-
engineering features consist of high and low dam systems formed by 11 sections of
artificial dams and natural hill features (Figure 2.3). Located in the Dazhe Mountain
area, the high dam system (3100-2900 cal. BC) was located about 10km northwest of
Liangzhu City. These dams were built between low hills, and by connecting these low
hills two reservoirs about 25 to 30m and 35 to 40m above sea level were created. The
low dam systems (2950-2850 cal. BC) consist of the 6.5km long and 5-8m high
Tangshan dam site located at the north side of Liangzhu City, right under the foot of

Dazhe Mountain (ZPICRA, 2008), and several smaller dams connecting the low hills
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west of Liangzhu City. The middle part of the Tangshan site has parallel dams, which
might be a buffer zone for the run-off from the Dazhe Mountain (Liu et al., 2017). Late
Liangzhu period burials and a jade workshop have been found on top of the eastern part
of the Tangshan dam (Zhao, 2002), which may be supporting evidence for the dating
of this site. These findings also indicate that the dam sites might have been multi-
functional in Liangzhu times. Together, these dam systems created reservoirs with a
total storage volume of c. 50 million cubic metres and occupied an area of 1.24ha (Liu
etal., 2017, 2020).

Some of the dams, particularly the lower dams, were built on marshy ground. A special
building material, the so-called ‘clay wrapped with grasses’ (Figure 2.6b), was used as
sandbags put on top of these swampy lands. Pure yellowish clay was then used as the
main construction material for the dams (Liu and Wang, 2013). The normal size of a
‘clay wrapped with grasses’ is oval shaped, with a length of about 40cm and a weight
of 4 to 5 kilos (Liu and Wang, 2013). Hundreds of ‘clay wrapped with grasses’ form a
big block of ‘sandbags’ about 1m? large. In a section of the Laohuling dam site, the
boundary of different ‘sandbags’ can clearly be seen. Phytolith analysis shows that the
grass used to wrap soil was identified as Triarrhena lutarioriparia var. gracilior (Chen,
2019). This plant is normally found near rivers, and on wetlands and mudflats. As the
flowering and fruiting period of this plant is from September to December, it is believed
that Liangzhu people made the clay wrapped with grasses in autumn or winter when
the water level was low (Chen, 2019). Recent excavations within the city walls,
Southwest Mojiaoshan mound and the Zhongjiagang region show that ‘clay wrapped
with grasses’ were also abundantly used as a building material for artificial mounds and

to fill in abandoned channels.

It is suggested that these dams were used not only as flood control systems but also
acted as channels for shipping in winter, the water supply for Liangzhu City and
irrigation for the paddy fields (ZPICRA, 2015b). However, more evidence and

modelling is required to test these hypotheses.

The channel system of Liangzhu City
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The coring of the entire Liangzhu City site was able to reconstruct the ancient channel
system (Figure 2.4a). Moats in both the inner and outer city can be found in three of the
four walls. Beside these moats along the walls, 51 canals were found inside Liangzhu
City, with the total length of these waterways being more than 30km (Liu et al. 2017).
These moats, together with the waterways connecting the inner city and the outer dam
system, seem to suggest that Liangzhu City was a water city (Liu and Wang, 2013).
The Liangzhu people may have utilised the interconnected reservoirs and channels to
transport timber, stone or the ‘clay wrapped with grasses’ from nearby mountains to the

city.

During 2015 and 2016, Zhejiang Provincial Institute of Cultural Relics and
Archaeology (ZPICRA) excavated the Zhongjiagang Watercourse that flowing across
the entire Liangzhu City. The watercourse is around 1km long, 18-80m wide and around
3m deep (Liu et al., 2019a). This watercourse is one of the main research profiles of

this PhD research, and its detailed stratigraphy will be introduced in Chapters 5 and 6.

Life near water: Raft and bank protection

Liangzhu people employed various techniques to adapt to the low-lying terrain and a
dense network of waterways. The construction technique of ‘clay wrapped with grasses’
to provide a dry high ground has already been introduced. The pier and near-bank
facility, involving a complex arrangement of wooden piles and planks, is best
exemplified at the Bianjiashan and Meirendi sites (section 2.3.2.2). This section will
outline some of the other techniques and strategies adopted for waterside living by the

Liangzhu people.

Rafts and canoes have not yet been found in and around Liangzhu City but have been
found at other Liangzhu sites. For example, a 7.35m long, 0.45m wide canoe that could
carry a load of around 300kg was uncovered at the Maoshan site, and a 2.8m long, 0.6m

wide bamboo raft was found at the Nanhu site (Wang, 2019).

Several types of bank-protection material were found in the Liangzhu City area
including bamboo weaving material, wooden piles, combinations of bamboo weaving

and wooden piles, and rows of planks — best exemplified at the Meirendi site (section
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2.3.2.2) and the Middle Zhongjiagang area (Figure 2.6c). The excavation of the
Lijiashan mound located on the western bank of the Zhongjiagang Watercourse
revealed a well-preserved bank-protection material made with a combination of
bamboo weaving and wooden piles (Figure 2.6d). The bamboo material was interwoven
with 1-2.5 cm wide bamboo splits, forming long strips 50-90 cm wide. This woven
bamboo was then hammered into the ground and clung to the bank, then timber piles
were knocked in outside the bamboo at intervals of 30-40cm (Liu et al., 2019a). Similar

bank protection materials are widely seen along the Zhongjiagang Watercourse and at

other Liangzhu near-bank settlements.
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Figure 2.6 Construction materials and bank protection facilities found in Liangzhu City;
a: bedded stones from the West City Wall site; b: a single unit of ‘clay wrapped with
grasses’; C: wooden bank protection facility from Middle Zhongjiagang site; d: bank
protection material made by the combination of bamboo weaving and wooden piles
from Lijiashan site (Photos courtesy of ZPICRA).

2.3.3 Subsistence of Liangzhu City
2.3.3.1 Rice cultivation

The subsistence activities of the Liangzhu people relied largely on rice production and
animal domestication (Wang, 2014). The examination of charred rice from the
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Mojiaoshan site (Lian, 2015) shows that most of the rice was domesticated rice, i.e., the
Oryza sativa Subsp. Japonica Temperate japonica group (syn. sinica), the Chinese Jing.
Wild rice was also managed and harvested by Liangzhu farmers. A possible yield-
optimizing harvesting strategy of the Liangzhu was proposed where the rice was
harvested just before reaching maturity. The rice was then threshed, winnowed, and
sieved in a clean state before storage. There is evidence of communal organization for
the processing of rice; however, no rice paddy fields have currently been found in or
near Liangzhu City. The nearest paddy fields were found at Maoshan about 30 km east
of the city, where fire was widely used to increase soil nutrients and reduce weed cover.
Intensive ploughing, deliberate fertilization and soil amendment have also been
practised in rice cultivation. Higher levels of water management together with labour
investment and technology innovations occurred on the Maoshan paddy fields (Zhuang,
2014). During the late Liangzhu period, the rice yield from the Maoshan paddy fields
rose to 141kg/mu (=0.0667 hectares), which was very close to the yield of the Han
dynasty (150-180kg/mu) two thousand years later (Zheng et al., 2014).

2.3.3.2 The diet of the Liangzhu

A wide range of plant seeds and animal fossils were uncovered from Liangzhu City

sites, which provide a general overview of the food structure of the Liangzhu people.

Most of the animal fossils found were subtropical mammals. The pig (Sus scrofa and
Sus scrofa domesticus) was the most abundant animal fossil found in Liangzhu City,
followed by deer (Cervidae sp.). Trace amounts of fossils from carnivores and primates,
such as tigers and monkey, were also found. The large number of pigs and dogs found
probably indicates that they were domesticated and also indicated a gradual
development of pig breeding and a reduction in hunting activity (Wang, 2014). Less
than 1% of the animal assemblages were birds, mainly those which resided near lake
and wetland areas such as Abster sp., Cygnus sp., Anas sp. etc. A few freshwater reptile
bones were also found, including carapaces from Rafetus swinhoei, which is one of the
largest testudines on earth and is currently extinct in China. Most aquatic animals found
were freshwater fish and molluscs. The only marine animal residues were a few shark

teeth, which may have been exchanged or brought from another place (Matsui et al.,
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2016; Song, 2019).

A variety of fruit seeds were found in Liangzhu City, including Choerospondias
axillaris, Amygdalus persica, Armeniaca mume, Armeniaca vulgaris, Prunus salicina,
Vitis vinifera, Diospyros kaki and Cucumis melo. Some of the fruit seeds show evidence
of artificial selection and domestication, such as Amygdalus persica, Cucumis melo and
Lagenaria siceraria. Only a few starch grains other than rice were found in Liangzhu
City, which is suggestive of the reduced exploitation of wild stable food compared to
the previous Hemudu Culture (Wu, 2019; Zheng et al., 2019).

In summary, the Liangzhu people principally used domesticated pigs and rice as their
main sources of food, and in the meantime acquired various wildlife as supplementary
food sources. The fauna found mainly inhabit a freshwater wetland/lake environment,

with a few forest animals also represented.

2.3.4 The social complexity of Liangzhu City

Some researchers have suggested that the Liangzhu Culture is the earliest early state
society in East Asia (Renfrew and Liu, 2018). As the centre of the Liangzhu Culture,

the complexity of Liangzhu City embodies the following four aspects.

City and landscape planning

As mentioned earlier, Liangzhu City has a clear layout, with the elite burials and “palace’
area in the centre and surrounded by encircled city walls and outer city settlements.
From the centre to the rim the artificially built mounds decrease in height, which may
imply a distinction in status (Liu et al., 2020). Although these structures were
constructed at several points that span more than 600 years (Qin et al., 2019), they still
reflect meticulous urban planning and possible central organisation. Additionally, the
control and exploitation of water is conceptualised from the very beginning of the city
planning, as indicated by the peripheral hydraulic system and channel systems inside
Liangzhu City. These large-scale engineering features show that the Liangzhu people

were adept at transforming and exploiting their local landscape.
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Population and labour organization

With the development of rice cultivation, the Liangzhu population grew rapidly (Qin,
2013), which provided a solid foundation for the heavy construction of Liangzhu City.
The current estimation is that around 22,900-34,350 people would have lived in the
Liangzhu city region (Wang, 2019). According to Wang (2019), a total of 10 million
m?3 of soil and 100,000 m?® of stone was transported and used to build the Liangzhu city
site and its dams. It may have taken 10,000 workers to continuously work for a
minimum of seven to eight years to dig out, transport and build the mounds, which was
an astonishingly large-scale construction task that would have needed a large labour

force and time investment as well as effective social organization to accomplish.

Social stratification and craft specialization

Liangzhu society was highly stratified, which was reflected in the strict traditions of
jade and pottery use found in the cemeteries (Qin, 2013). The richest tomb in Liangzhu
City, the M12 in Fanshan, had more than 500 jade artefacts while the commoners’
cemeteries often had no jade artefacts, with only pottery vessels buried with the dead.
The different standard of burial goods indicative of different places in the hierarchy is
a unified ideological feature of the whole of Liangzhu society (Song, 2008).
Additionally, in the settlements occupied by the commoners on the outskirts of
Liangzhu City, the living quarters were not separated from the burial areas. However,
in the higher-ranking settlements inside Liangzhu City, specialized, artificially raised
areas were built for the elite cemeteries (Fang, 2015). Throughout the whole Liangzhu
city region, at least three tiers of settlements based on their scale have been identified
(Chen, 2019; Wang, 2019).

There is also evidence of craftsmanship specialization, as jade, stone and wood
workshops were found along the Tangshan Dam and the Zhongjiagang Watercourse
inside Liangzhu City (Liu et al., 2019a; Qin, 2013). Diverse forms of sophisticated fine
crafts (Figure 2.7) were created under this specialization, with the jade craftsmanship
being some of the most elaborate — unparalleled among the Neolithic jade cultures of
China (Qin 2013; Rawson, 1995). Based on a study of jade workshops, Qin (2019) has
revealed the labour divisions for both the production of different types of jade objects

and the different stages of the production process.
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Rituals and early writing systems

The belief system of Liangzhu City is mostly represented in the ‘sacred human and
animal’ motif (Figure 2.7b). Variations or abbreviations on this motif have been seen
in various jade artefacts from both Fanshan and other elite burials outside Liangzhu
City, but all are highly consistent. This motif was believed to represent a deity/shaman
or to represent the corporate community of the Liangzhu social unit (Renfrew and Liu,
2018). Additionally, evidence of altars and ritual activities such as human sacrifices has
also been found, with most of the sacrifices believed to have been made for male elites
(Zhao, 2001). Although a mature writing system was lacking in Liangzhu City,
inscriptions on pottery suggest that possibly some forms of meaningful sentences were

found and were believed to be an early form of ancient Chinese characters (Wang,
2013).
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Figure 2.7 Exquisite artefacts found in Liangzhu City; a: jade cong from Fanshan M12
cemetery, 18cm in width, 8.9cm in height; b: enlargement of the ‘sacred human and
animal’ motif from the jade cong; c: lacquerware inlaid with jade beads from Fanshan
M12; d: jade mao (head of a sceptre) from Fanshan M12; e: detail of engravings on the
jade mao; f: black pottery with delicate engravings from west City Wall (Photos
courtesy of ZPICRA).

2.3.5 The decline of the Liangzhu

Despite being prosperous, Liangzhu City and its nearby settlement sites were
abandoned around 2200 BC. This was the prelude to the collapse of the entire Liangzhu
Culture. The subsequent late Neolithic cultures, the Qianshanyang (2400-2200 BC),

Guangfulin (2200-1900 BC) and Magiao (1900-1200 BC), show a clear decline in
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social complexity and settlement scale (Shanghai, 2002a, 2002b; ZPICRA and Huzhou,
2014). Exactly how and why the Liangzhu collapsed is the subject of heated debate
(Zhou and Zheng, 2000). Both environmental and cultural causes have long been argued
about and among all the factors, hydrological changes (Long et al., 2014; Wu et al.,
2014), unsustainable development of their theocratic society (Fu, 2008) and military
defeats (He, 2002) have been regarded as the main reasons for the abandonment of the
Liangzhu settlements. However, current archaeological evidence is neither sufficient
nor valid enough to fully support the social collapse and foreign invasion hypothesis.
In addition, recent sedimentological analysis does not support the assumption that a
flash flood or a single marine flood had destroyed the entire City (Zong et al., 2011). It
will take further research to fully understand the causes and mechanisms that had led to
the demise of Liangzhu.

2.4 The environmental and sedimentation history of the
Liangzhu City site

In recent years, dozens of sedimentary cores have been studied around the Tai Lake and
Hangzhou Bay area using particle size analysis, foraminifera, diatoms, pollen,
environmental-magnetism properties, carbon, and nitrogen stable isotopes and AMS
14C dating methods (Chen, 2017; Chen et al., 2018; Liu et al., 2018; Ma, 2012; Wang
et al., 2012 etc.). The results all showed that the sedimentation and hydrological
conditions in the region had been strongly influenced by fluctuations in climate and
sea-level since the LGM, which happened in southern China around 9100-8300 BC
(Huang et al., 2002). This section will highlight the current research progress of the
pre-site, Liangzhu period and the post-Liangzhu sedimentation history in the Liangzhu
Basin, along with the major climate fluctuation events influencing Liangzhu City, and

relevant studies regarding soil properties and sources of soil/sediment in this region.
2.4.1 Sedimentation history of the Liangzhu Basin and southern Yangtze Delta
2.4.1.1 Basal geomorphology of the southern Yangtze Delta

By detailed studying of sediment cores from the southern Yangtze Delta, Wang et al.

(2012) drew the Holocene isopach map of the southern Yangtze delta (Figure 2.8).
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Three major terraces were identified. Terrace 1, located on the eastern edge of the delta,
is later covered by 20-30m of Holocene sediments. Terrace 2, covered by 5-15m of
sediments, is located in the northeast and southwest. Terrace 3 is covered by less than
5m of Holocene sediments. A 15-20m deep palaeo-incised valley that opens to the
palaeo-Qiantang valley, the so-called Palaeo-Taihu valley, is identified near the foot of

western mountainous area.

According to the study of sediment cores, the basement material underlying the
Holocene sequence is either a palaeosol (‘stiff mud’) formed during the LGM (Chen et
al., 2008; Wang et al., 2012) or gravelly sand fill in palaeo-incised river channels
(Wang et al., 2012). In the Early Holocene, the East China Sea experienced a rapid
rising of sea level from 130-150m below sea level to 5m below present-day sea level
(Xuetal., 1997). The sedimentation process in this region is dominated by transgressive
sediments, with minimal influence from the Yangtze and Qiantang rivers as the
sediment carried by these rivers was mostly trapped at the apex of the river mouth,
which was around 200 km west of the current shoreline (Hori et al., 2001; Wang et al.,
2012). The early Holocene sequence deposited on Terrace 1 from around 8000-6000
cal. BC is a clayey silt from a tidal flat environment, successively overlain by soft
shallow-marine muds and subtidal and intertidal silts (Zhao et al., 2008; Wang et al.,
2012). The deposition in Terrace 2 starts from 6750-6650 cal. BC and is dominated by
thick homogeneous muds of marsh and muddy tidal flat, followed by laminated sub-
tidal and intertidal silts, and topped by brownish gray lacustrine clayey silt. In Terrace
3, the palaeosol was covered by brackish water marsh deposits from 5290 cal. BC
(Wang et al., 2012). Since 4000 cal. BC, as the sea-level stabilized, progradation of the
Yangtze delta dominated the sedimentation progress, and the south Yangtze Delta
gradually changed to a freshwater floodplain (Hori et al., 2002; Wang et al., 2012),

providing suitable environment for large-scale human inhabitation in the delta.
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Figure 2.8 Palaeo-topography of the southern Yangtze delta plain and major incised
valleys of the Yangtze and Qiantang rivers (Adapted from Wang et al., 2012).

2.4.1.2 Sedimentation history of the Liangzhu Basin during the early Holocene

The Liangzhu Basin, located on the southwestern corner of the south Yangtze Delta,
contains Holocene sequences with c. 20-25m thick tidal-influenced sediment, similar
to Terrace 1 of the delta. To be specific, the palaeosol of the Liangzhu Basin is a grayish
condensed mud interlayered with brownish clayey silt, formed due to strong
pedogenesis during the LGM (Liu et al., 2018; Qin et al., 2008; Wang et al., 2012). In
the Holocene before 7000 cal. BC, the sediments in the Liangzhu region are yellowish
clayey silts formed in a tidal-flat-channel complex. From 7000 cal. BC, the Basin was
occupied by greyish silt and clay formed by a tributary channel with intense tidal
influence. From 6500 to 5500 cal. BC, this region changes to a deep-water, high-salinity
estuary environment with grey silty clay and laminations of sand-mud. A very high
sedimentation rate (up to 2 cm yr-1) has been identified and more than 14m of deposits

aggraded within a thousand years (Chen et al., 2018). Since 5500 cal. BC, the
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sedimentation environment changes from sub-tidal to intertidal flat facies, with the
sediments dominated by greyish clayey silt with fine silt laminations. Between 5000
and 4500 cal. BC, seawater penetration occurred again, and saltmarsh developed. Since
4500 cal. BC, persistent freshwater marsh formed due to seawater retreat and a strong
Yangtze freshwater discharge (Chen et al., 2018; Liu et al., 2018).
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Figure. 2.9 Palaeogeographic map of the Tai Lake Plain since 5500 cal. BC (adapted
from Chen et al., 2018).

The geomorphology of the Palaeo-Taihu valley would also have had a significant

influence on the development of Neolithic cultures in the Liangzhu Basin. When sea

level rose from -18 to -4 m between 6600 cal. BC and 5300 cal. BC, the southern part

of the Palaeo-Taihu valley became an estuary, allowing sea water from Hangzhou Bay

to reach the central Taihu Plain (Hong, 1991; Wang et al., 2012). This estuary continued
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to exist in the Majiabang (50004000 cal. BC) and Songze (4000-3000 cal. BC) periods,
and became a natural barrier for Neolithic people being able to live in the Liangzhu
Basin (Figure 2.9) (Chen et al., 2018; Liu et al., 2018). After 3600 cal. BC, a dramatic
shrinkage/closure of the Palaeo-Taihu Estuary occurred when the sea level was
relatively stable. Only after this stage did Neolithic people enter and reside in the

Liangzhu Basin.

2.4.1.3 Sedimentation during Liangzhu time

Since 3000 cal. BC onwards, the sea level was relatively stable with minor fluctuations
(Chen & Stanley, 1998; Song et al., 2013; Zong, 2004). In most of the natural profiles
sampled in the Liangzhu Basin and southern Yangtze Delta, there is a hiatus between
around 2350 cal. BC and 3600 to 5500 cal. BC, and a sharp sediment contact is observed
(Chen et al., 2018; Liu et al., 2018). This depositional hiatus may form due to
nondeposition and/or erosion and/or removal of sediment materials in the region
(Wheeler, 1958). Further study should be conducted to understand the source of these

sediments in Liangzhu cultural layers.

2.4.1.4 The demise of Liangzhu

Current research on microfossils shows that large scale marine flooding may not have
been responsible for the abandonment of this region since 2000 cal. BC (Zong et al.,
2011). But it is interesting that clear evidence of storm surges and marine intrusion have
been identified in the archaeological sites located on the southern bank of the Qiantang
River in 4300 cal. BC and 2500 cal. BC (Tang et al., 2019; Wang et al., 2018). But the
range of these extreme events, especially the storm surges in 2500 cal. BC, and their

impacts on Liangzhu City site are currently unclear and require further study.

In the Liangzhu Basin and even the whole Tai Lake region, Liangzhu sediments were
directly covered by an around one metre thick light yellowish clayey deposits. These
were long considered to be related to massive flooding in the region and caused the
collapse of the Liangzhu Culture (Zhang, 1998; Liu, 2019). However, recent dating
shows that the date of this horizon is after 2000 cal. BC (Qin, 2019; Li, 2013), which
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implies that it may not have directly caused the demise of Liangzhu. However, in order
to better understand the change and correlation between climatic, geomorphological,
and hydrological conditions of this region over a larger timescale, it is still necessary to
study the genesis of this horizon in detail.

Current research using particle size, clay minerals, magnetic measurements and
geochemistry indicates that this layer is a poorly sorted overbank deposit formed under
low-energy hydrodynamics (Li, 2013; Song, 2012). Multiple magnetic minerals have
contributed to the magnetic susceptibility of the layer, therefore suggest multi-flooding
events instead of one (Li, 2013). The particle size gets coarser from the west to the east
of the Liangzhu Basin and the yellow silty clay in the east contains chlorite and shows
a similar Mg/Mn ratio with the sediment from the Yangtze River, which implies the
influence of seawater in the east (Song, 2012). The comparison of the Sr-Nd isotopic
compositions around the Liangzhu Basin demonstrated that this silty layer is a mixture
of sediments from the East China Sea and the Qiantang River (Ji, 2016). Current
evidence suggests that this layer is not formed by flash flooding or marine intrusion but
is more relevant to impeded drainage in the region possibly due to a change in
geomorphology near the estuary, creating a tidal backwater and retrogressive
accumulation of the river system (Ji, 2016; Li, 2013; Song, 2012).

After 2000 cal. BC when this yellow silty clay horizon formed, the quiescence of human
activity around the Tai Lake continued for more than a thousand years. Although
Liangzhu was not directly destroyed by this event, its demise may be related to this
regional trend of impeded drainage and silting-up processes that lead to a higher flood
risk. Further studies are required to better understand how Liangzhu people responded

to these changing hydrological conditions.

2.4.2 History of climate change since the LGM in the Liangzhu Basin

Research shows that since the LGM, the area became progressively warmer and wetter,
reaching a peak at around 6000-3700 cal. BC, the so-called Holocene Climatic
Optimum, and from 3700-3500 cal. BC onwards, the climate became progressively
cooler and drier (Cheng, 2016; Lu, 2014; Zhang, 2017). Some scholars have proposed
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that climate anomalies around 3500 cal. BC, namely the 