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Abstract In 1973, traces of China’s early Neolithic
Hemudu culture (7,000–5,000 BP) were discovered in the
village of Hemudu in Yuyao County, Zhejiang Province,
in the lower Yangtze River coastal plain. The site has
yielded animal and plant remains in large quantities and
large numbers of logs secured with tenon and mortise
joints, commonly used in wooden buildings and other
wooden structures. For hydrogeologists, the most inter-
esting structure is an ancient wooden well. The well is
believed to be about 5,600 years old, which makes it the
oldest wooden well yet found in China. The well site
contains over 200 wooden components and can be divided
into inner and outer parts. The outer part consists of 28
piles around a pond. The inner part, the wooden well
itself, lies in the middle of the pond. The walls of the well
were lined with close-set timber piles reinforced by a
square wooden frame. The 28 piles in the outer part of the
site may have been part of a shelter for the well,
suggesting that the people of the Hemudu culture were
already concerned with water hygiene and protection of
their water source.

Résumé En 1973, des vestiges de la culture néolithique
chinoise Hemudu, vieille de 5000 à 7000 ans, ont été
découverts dans le village de Hemudu, dans le Comté de
Yuyao (Province du Zhejiang), sur la plaine littorale du
cours inférieur de la rivière Yangtze. Le site a produit des
restes animaux et végétaux en grandes quantités, et de
nombreuses pièces de bois assemblées par tenons et
mortaises, communément utilisés dans les bâtiments et
autres structures en bois. Pour les hydrogéologues, la
structure la plus intéressante est un ancien puits en bois.
On estime son âge à environ 5,600 ans, ce qui en fait le

plus ancien puits en bois retrouvé en Chine à l’heure
actuelle. Le site du puits comporte plus de 200 éléments
en bois, et peut être divisé en deux parties interne et
externe. La partie externe est composée de 28 pieux
ceinturant un étang. La partie interne, constituant le puits
en lui-même, est située au milieu de l’étang. Les parois du
puits sont recouvertes de pieux en bois jointifs, renforcés
par une croisée en bois. Les 28 pieux de la partie externe
du site composaient peut-être partiellement un abri pour le
puits, suggérant ainsi que la culture Hemudu prenait déjà
en considération l’hygiène et la protection de l’alimenta-
tion en eau.

Resumen En 1973 se descubrieron trazas de la Cultura
Hemudu del Neolítico Inferior (entre 7000 y 5000 BP) en
el pueblo de Hemudu en el Condado Yuyao, Provincia de
Zhejiang, en la llanura aluvial baja del Río Yangtze. El
yacimiento ha revelado restos de animales y plantas en
grandes cantidades y un buen número de troncos
asegurados con espaldones y junturas con muescas,
comúnmente usados en los edificios de madera y otras
estructuras de madera. Para los hidrogeólogos, la estruc-
tura más interesante es un antiguo pozo de madera. Se
cree que el pozo tiene alrededor de 5,600 años, lo cual lo
convierte en el pozo de madera más antiguo encontrado en
China. El yacimiento del pozo contiene unos 200
componentes de madera y se puede dividir en partes
interiores y exteriores. La parte exterior consiste en 28
pilotes alrededor de un estanque. La parte interna, el pozo
de madera en sí mismo, se encuentra a la mitad del
estanque. Las paredes del pozo estaban revestidas con
conjuntos de pilotes de madera unidos reforzadas con un
marco cuadrado de madera. Los 28 montones en la parte
exterior del yacimiento pueden haber sido parte de un
sistema de protección para el pozo, sugiriendo que los
habitantes de la Cultura Hemudu eran ya conscientes de la
higiene del agua y la protección de su suministro de agua.
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Introduction

Wells played an important role in early human settlements
and are an important indicator of civilization. Before the
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invention of wells, human settlement was confined to the
immediate vicinity of surface water such as riversides,
streams, lakes or mountainous areas with springs and
creeks. After the invention of wells, primitive societies
could use water beneath the Earth’s surface to serve
human purposes and were no longer confined to areas
with convenient surface water. Wells also provided cleaner
and more stable water sources than surface water, and
made agricultural irrigation with groundwater possible. As
pointed out by Clark (1944), the development of well-
digging was simultaneously a cause, index, and conse-
quence of increased human control over nature.

In 1973, a permanent well with sophisticated timber
lining and wooden reinforcement was found by archeo-
logical excavation at a Neolithic site at Hemudu village,
Yuyao County, Zhejiang Province, China (Fig. 1). The
Hemudu culture developed in the early Chinese Neolithic
Age in the lower Yangtze River (or Changjiang river)
coastal plain. The Hemudu site covers an area of
40,000 m2 and has four culture layers (note: in archeology,
a culture layer is defined as a layer of soil containing the
traces of human habitation and activity) with a total
thickness of about 4 m. The site has been excavated twice,
in 1973 and 1977, and the exposed area amounted to
2,800 m2 (Fig. 2).

The site yielded animal and plant remains in large
quantities, including rice remains, and large numbers of
logs, secured with tenon and mortise joints, which were
commonly used in wooden buildings and other wooden
structures. Excavation also brought to light about 6,700
artifacts including production tools, daily utensils and
primitive art works made of stone, bone, wood and
pottery. Carbon-14 dating after tree-ring correction indi-
cated that the absolute period of the culture lasted from
7,000 to 5,000 BP (Before Present) (Liu and Yao 1993;
Zhejiang Provincial Institute of Cultural Relics and
Archaeology 2003). The discovery of the Hemudu culture
indicated that the Yangtze River valley had as remarkable
a culture as the more well-known culture of the Yellow
River valley. The finds have demonstrated that paddy rice
culture originated in China, and that the people of China
were cultivating rice and millet with farming tools in
prehistoric times. It has been acclaimed by Chinese
archeologists as one of the most important archeological
discoveries in China.

The discoveries at this important Neolithic site have
excited specialists in several disciplines. For hydro-
geologists, the most interesting structure is an ancient
wooden well. The well is believed to be about
5,600 years old, which makes it the oldest wooden
well yet found in China (Huang 2000). The Hemudu site
is now under state protection, and a museum has been
built in Hemudu village. The museum is divided into two
parts, one containing the excavation site and another
containing an exhibition of objects. On the excavation site
are various restored structures such as wooden buildings
of the unique Hemudu style of architecture, the well site
as it appeared at the time of excavation, and a model of
the well.

The author has been fascinated by this well, and feels
obliged to share this wonderful discovery with fellow
hydrogeologists. This report, which draws on a number of
publications by Chinese archeologists on the Hemudu
culture and the author’s own observations at the Hemudu
site, discusses the stratigraphy of the well site, the struc-
ture of the well, and the implications of its discovery in
terms of knowledge of ancient China.

Site description

The ground elevation at the site ranges from 1.10 to 9 m
above sea level (Fig. 2). Yao River, which is a tide-
influenced river that runs from north to south generally
along the southwest boundary of the site. The shallow soil
consists of a mixture of marine, lagoon and river deposits
(Lang 1987). During the archeological investigations, the
soil was excavated to a depth of about 4 m (Fig. 3). The
various soil layers revealed by the excavations were
classified into modern agriculture soil, alluvium deposit,
and four culture layers (Liu and Yao 1993). These culture
layers were believed to be deposits during transgressions
and regressions in the Holocene Epoch (Lang 1987). Near
the top of the culture layers, the materials were believed to
be deposits of fresh-water swamps. The culture layers are
underlain by grey marine mud with a thickness of 15–
25 m (Lang 1987). A brief description of the superficial
soil and the culture layers is given below (Lang 1987; Liu
and Yao 1993):

Topsoil and alluvium deposits
The topsoil is modern agricultural soil and is soft grayish
black, with a thickness of 0.10–0.98 m. An alluvium
deposit is found below this layer (Fig. 3). The alluvium
deposit is yellowish brown, with a thickness up to 1 m.
The thickness increases from south to north. The layer is
firm and fairly uniform. No organic content was found in
the layer. At the bottom of this layer, potsherds of
ceramics from the Tang and Song Dynasties were found.

First culture layer
The first culture layer is yellowish brown and hard. Its
thickness varies from 0.1 to 1.05 m, and increases from
north to south. Tombs, ash pits and pile bases have been
found in this layer, and a large number of burnt soil clods
have been found at its base.

Second culture layer
The second culture layer has a thickness of 0.2–1.2 m and
can be divided into two sub-layers, an upper layer 2A
and a lower layer 2B. Sub-layer 2A is yellowish green and
hard. Its thickness varies from 0 to 0.3 m and increases
from east to west. A few potsherds have been excavated in
this sub-layer. Sub-layer 2B is ash green and is rich in
clay. Pile pits, base boards, ash pits and tombs have been
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found in this sub-layer, and sands and small gravels have
been found near its base (The Committee for Antiquity
Management of Zhejiang Province and Zhejiang Pro-
vincial Museum 1978). The wooden well was found in
sub-layer 2B.

Third culture layer
The third culture layer has a thickness of 0.6–1.1 m and
can be divided into three sub-layers: an upper layer 3A,
a middle layer 3B and a lower layer 3C. Sub-layer 3A
consists of blackish clay and its thickness varies from 0
to 0.54 m. Articles made of stone, bone and wood have
been excavated in this sub-layer. Sub-layer 3B is soft,
grey and sandy, with thickness ranging from 0.1 to
0.3 m. Piles, columns, base boards and other building
components, ash pits and seven tombs have been
discovered in this sub-layer. Sub-layer 3C is green and
sandy and somewhat hard. Its thickness varies from 0 to
0.6 m and increases from northeast to southwest. A

small number of stone, bone and wooden articles have
been found in this sub-layer.

Fourth culture layer
The fourth culture layer has a thickness of 1 to 1.65 m and
can be divided into two sub-layers: 4A, and 4B. The upper
layer of 4A is darkish brown silty clay with a thickness of
0.42 to 1.06 m. This layer is thicker than the other layers
and has yielded the greatest number of remains. In most
excavation sites, clayey silt, mixed grey, yellow and white
in colour, was found (Liu and Yao 1993). Sub-layer 4B is
ash-brown and loose, with a thickness of 0.16–0.90 cm
and is organically rich.

Description of the well site

The wooden well (Fig. 4) was found in the eastern sector
of the first excavation area (Fig. 2). The top of the well is
below sub-Layer 2A and the bottom is 1.35 m beneath the
then ground surface. The well penetrates sub-layer 2B and
layers 3 and 4, and is located in the middle of a pan-
shaped depression about 6 m in diameter (Fig. 5).

The well consists of over 200 wooden piles and boards,
and can be divided into an inner and an outer part (Figs. 5
and 6). The outer part consists of a circle of 28 relic piles
with a diameter of 6 m and an area of 28 m2. The piles
usually have a diameter of 0.05 m. The interval between
piles varies. The piles penetrated about 1 m mainly into
the soil below the then ground surface, except one with a
penetration depth of 1.42 m. The piles numbered 202 and
217 are quite special (Fig. 5); they have a diameter of
about 8 cm, which is larger than the others, and they tilted
in relation to the ground surface at an angle of 55°. The
two piles are facing each other, with the one at the south
dipping to the north and the other at the north dipping to
the south (Fig. 5). Both piles penetrate into layers 3 and 4.

In the centre, but slightly closer to the northwest of the
site, circled by the 28 piles, is the inner part which is a
square-shaped well. Each side of the well is 2 m long. The
well is surrounded with close-set semi-cylindrical piles
(Figs. 4 and 5), made by cutting logs into halves. Most of
the piles are about 0.06 m in diameter but the corner piles
are somewhat larger. Each side of the well wall has 21–40
piles. The piles are supported by a horizontal square frame
consisting of 4 pieces of wood 0.17 m in diameter. The
two pieces facing north and south have mortises of 0.13×
0.18 m, while the pieces facing east and west have tenons.
These supports were still tightly joined when they were
excavated.

At the upper end of the piles, there are 16 horizontal
logs about 1.96–2.60 m long and 0.15–0.18 m in diameter.
These logs were made into, approximately, a square
supporting frame of the well to further consolidate the
well structure (Fig. 4). Six of the logs have Y-shaped ends
and one has a cross at the end. Most of the logs were still
in their original positions when excavated (Fig. 4), though
some had been dislocated.

Fig. 1 Location of the Hemudu Ruins
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Near the southeast corner of the well is a vertically-
driven pile (No. 233) 0.18 m in diameter. Three piles
(Nos. 202, 233 and 217) are aligned approximately in a
straight line (Figs. 5 and 6) and point almost to the same
point in the sky. There is also a large, square vertically
driven pile at the northwest corner of the well. This pile
seems to have been installed at a later date and may not
have been part of the well structure (Yang 1987).

Some radially distributed small wooden logs, reed mat
shreds and large pieces of stones were found at the site.
The stones were found at variable depths in the mud
between the inner well and outer part, mostly near the
southwest corner of the well. The flat side of the stones
faces up. In a number of places, pairs of stones were
found, one on top of the other. Several ancient pottery jars
(water vessels) and tools were unearthed from the mud in
the bottom of the well (Yang 1987).

Reconstruction of the well site

The timber well was initially interpreted by excavators as
a foundation of a house, but one archaeologist, Yang
Hongxun, identified it as a well. His view was accepted
and listed in the excavation report (The Committee for
Antiquity Management of Zhejiang Province and Zhejiang
Provincial Museum 1978). Researchers have ruled out the
possibility that the structure was either a storage cave or
an animal trap or had some kind of religious purpose
(Yang 1987). Details about why this structure was a well
were presented in Yang (1987). This wooden structure is
now widely recognized as the oldest well yet discovered
in China (Yang 1987; Lin 1992).

The absolute ages of the cultural layers (Table 1) were
derived from carbon-14 tests. No attempt seems to have
been made to determine the age of the well itself. Because

Fig. 3 Shallow geological cross-section between T22 and T14. Culture layers 1, 2, 3, and 4 are shown. Note the vertical scale is the same
as the horizontal scale (from Zhejiang Provincial Institute of Cultural Relics and Archaeology 2003)

Fig. 2 Location of the exca-
vation sites and the well in
Hemudu village. Note Txxx is
the identification number of
excavation pit (from Zhejiang
Provincial Institute of Cultural
Relics and Archaeology 2003)
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Fig. 4 The well under exca-
vation in 1973 (The Museum
of the Hemudu site 2002)

Fig. 5 The well site after
excavation (Yang 1987). Relic
holes of wooden piles show
the pan-shaped pond
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the well penetrated the lower part of cultural layer 2 of
6,000–5,500 BP, the age of the well should be between
6,000–5,500 BP. The museum at the Hemudu site gives the
well’s age as 5,600 BP. Because the well was constructed
with considerable skill, some archeologists have inferred
the existence of more primitive types of well from a
considerably earlier date, perhaps as early as 8,000 BP

(Wang 2001).
It has been suggested that the Hemudu site was a

primitive clan village on the border of a marshland (The
Committee for Antiquity Management of Zhejiang Prov-
ince and Zhejiang Provincial Museum 1978; Yang 1987).
The water table was shallow, and the villagers seem to
have obtained water for their daily use from the shallow
pan-shaped pool near the village. This pool may have
formed naturally, or may have been dug by the villagers.

When the dry season approached, the water area in the
pond shrank. The villagers paved the pond’s muddy
bottom with stones, which they used for walking to the
centre of the pond to fetch water. When a stone sunk into
the mud under the weight of people walking on it, another
stone was placed on top. It is possible that a drought made
the pool eventually unusable, and that the villagers
scraped away the topsoil and dug a hole in the middle of
the pond to access deeper water by means of a well.

Other examples of wells developing from ponds have
been found in the nearby culture sites dating from later
periods such as the Xiang Jia Ruins (~5,500 BP), which
are about 1 km east of Hemudu, and the Songzhe Ruins
(6,000–5,000 BP) in Shanghai (Huang 2000). Previous
researchers have also suggested that wells were developed
in this way (e.g. Deming 2002).

Fig. 6 Schematic diagrams
showing a the plan view of
the well site and b the cross-
section of the site (Yang 1987)

Table 1 Details of culture layers (based on Liu and Yao 1993)

Culture layer Soil type Description Thickness (m) Cultural period (year BP)a

Layer 1 Silty clay Deep grey, brown, bluish grey 0.1–1.05 5,500–5,000
Layer 2 Silty clay Yellowish green, organically rich 0.2–1.2 6,000–5,500
Layer 3 Silty clay and clayed silt Greyish yellow to greyish green 0.6–1.1 6,500–6,000
Layer 4 Silty clay and clayed silt Brownish black, organically rich 1.0–1.65 7,000–6,500

aNote: Ages based on calibrated carbon-14 testing (Liu and Yao 1993; Zhejiang Provincial Institute of Cultural Relics and Archaeology
2003).
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The pond at the Hemudu site may be natural or
artificial. It is still common even today for villagers in
southern China to excavate a site and use the mud and
clay for construction materials of a house. After the house
is built, the excavated site is used as a pond to collect
rainwater, surface water or groundwater, which is used for
washing and even drinking. Some villages are even named
after ponds (Huang 2000).

The well at the Hemudu site may have been built in the
following sequence. Four rows of piles were driven into the
soil. The soil enclosed inside the rows was then removed. A
wooden frame was installed inside the well to support the
walls of piles. Sixteen logs were then placed above the row
of piles to form the framed well top. Their purpose was
perhaps also to further strengthen the walls of piles (The
Committee for Antiquity Management of Zhejiang Province
and Zhejiang Provincial Museum 1978). The relic water
vessels found near and inside the well (Yang 1987) are
good evidence that this site was a source of drinking water.

The well penetrated layers 3 and 4, which are mainly
silty clay or clayed silt and cannot be a good aquifer by
modern standards, but may be quite sufficient to supply the
water needs for these primitive people at Hemudu. At the
time of archeological excavation, the water table was high,
which made excavation difficult. When these two layers
were excavated, every morning before excavation started,
excavators had to pump out all the groundwater which
seeped into the site during the previous night (Lin 1992).

Yang (1987) has suggested that the 28 piles around the
site, the radially distributed small logs, and the reed mat
shreds discovered at the site were once part of a shelter or
cover over the well, and that the 28 piles supported this
shelter. The larger piles (Nos. 202, 233, and 217) aligned
approximately along a straight line and with the ends
pointing upwards to the same point may be a key part of
the roof structure. A reconstruction of the site is shown in
Fig. 6, and an artist’s impression of the reconstructed well
and the shelter in Fig. 7. Figure 8a shows the Hemudu

Fig. 7 Artistic impression of
the well in a wet season and b
dry season (Yang 1987)
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Museum’s reconstruction of the well site immediately
after excavation. A model of the well, including the
shelter, has been constructed at the Hemudu Museum site
(Fig. 8b).

It should be noted that Lin (1992) did not believe that
there was sufficient evidence for a shelter. If there was a
shelter, it suggests that the villagers of the Hemudu culture
over 5,000 years ago were already concerned with water
hygiene and protection of their water source. However, the

author does not feel that such a sophisticated shelter had
been built at that time merely to keep water clean. If there
was a shelter, it was probably also used for social
gatherings and other purposes.

The Chinese character for ‘well’, jing , appears to be
a pictogram based on this kind of square-framed wooden
well (Figs. 4 and 6a). It was probably invented during the
period when most wells were square-shaped (Yang 1987;
Lin 1992).

Fig. 8 Displays at the
exhibition site near Hemudu
Museum: restored well site as
seen a immediately after
excavation and b the
reconstructed well site, as
interpreted by Yang (1987)
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Summary

The construction of wells is an important step in a
culture’s progress towards civilization. This article
describes a wooden well about 5,600 years old that was
discovered in the Hemudu culture site in the lower
Yangtze River coastal plain. This site is characterized by
primitive rice agriculture and an ancient society based on
bar-railing wooden houses on wooden piles. The prehis-
toric well site includes over 200 wooden components. The
well was lined with close-set timber piles and reinforced
by a square wooden frame connected by tenon and
mortise joints. It is probably the oldest wooden well yet
discovered in China. The existence of the well, together
with other relics, indicates that the Hemudu people were
moving from a primitive to a more civilized form of
culture.

The way in which the well was built demonstrates that
the people of the Hemudu culture knew how to sink piles
in order to excavate a soft, muddy site. The well seems to
have been built on a site which was originally either a
natural or man-made pond. It has been suggested that
there was also a shelter above the well. If so, this may
suggest that the people of the Hemudu culture were
concerned with water quality and the protection of their
water source.
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