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ABSTRACT

Four iron smelting related sites were discovered in Zouma Town, western Chongqing,
China. Among these sites, two (Luduizi and Tieshazitu) were dated to the end of the
Ming Dynasty in the sixteenth to seventeenth centuries A.D. and the other two
(Gaoluchang and Nianmigou) were dated to the Late Qing Dynasty in the nineteenth
century. Large amounts of smelting-related materials were excavated from these sites. Ten
metallographic samples collected from excavated slags, a furnace wall, and iron ore were
prepared and analyzed. This article reports the first scientific analysis of smelting-related
materials in the area. The results provide a preliminary understanding of iron production
technology in Chongqing in the sixteenth and seventeenth centuries. KEYWORDS: iron
production industry, smelting materials, scientific analysis, Chongqing, Ming Dynasty.
INTRODUCTION

No archaeological evidence of iron smelting or production has been discovered in
Chongqing before the Ming Dynasty, which dates to the fourteenth to seventeenth
centuries A.D. This is probably due to the limitations of the archaeological work that has
so far been carried out in this region, but may also be related to the management system
since the Han Dynasty (202 B.C.–A.D. 220). The Han iron monopoly policy under
EmperorWu in the mid-late second century B.C. established 48 iron offices throughout
the empire; these were not mere administrative offices, but large ironworks (Wagner
2001b:33). No iron office was set up in Chongqing, which implies no large-scaled
official iron production in this area in the Han Dynasty.

According to ancient texts such as the Shiji (Records of the Historian) by Sima
Qian, who died around 90 B.C. (Watson 1971:441) andHuayangguozhi (Treatise on the
States South of Mount Hua), compiled by Chang Qu in A.D. 348–354 (Liu 1984:25),
there were abundant iron ore deposits in the Ba area of today’s modern Chongqing
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(Fig. 1 left). There were strict restrictions on iron mining and smelting during the Han
and Jin dynasties from the second century B.C. to the fifth century A.D. It was not until
the time of the Tang Dynasty Emperor Xuanzong (A.D. 713–762) that copper and iron
mines were opened to private mining enterprises and taxed by the government (Yuan
and Pan 1997:577). Iron production activity was overseen either by government
officials or private enterprises from the Song Dynasty through theMing Dynasty (tenth
through seventeenth centuries) (Jiang and Che 2005:131).

The Ming Dynasty was an important turning point for the iron and steel industry in
ancient China (Chen and Qian 2016). During this period, official iron production
reached its peak (Xia et al. 1980:141) and private ironworks developed rapidly at the
same time. The center of the iron smelting industry gradually moved south and very
large ironworks, second only to the government’s ironworks, appeared in Guangdong
Province. Iron smelting and iron casting offices were set up in Chongqing during this
period (Wang 2005:22).

The specialization and intensification of iron smelting continuously improved from
theMing Dynasty on. In addition to the mining and smelting of iron, the production of
iron objects were independently organized and managed. Private ironworks had to be
granted official permission to exploit iron ore and pay taxes to the government. After
raw materials were mined, different types of furnaces were used depending on the
products that were to be produced from the ore. During the Ming and Qing dynasties,
the private iron smelting industry achieved a very large scale in Ba County. By theQing
Dynasty Jiaqing Period (A.D. 1818) there were 75 private ironworks in Ba
(Sichuansheng and Sichuandaxue 1989:302). We have recorded four of these iron
production sites in the Zouma region of Ba County (now called Banan District) in
southwest Chongqing: Luduizi, Tieshazitu, Gaoluchang, and Nianmigou.

The Cheng-Yu road was an important passage between Chengdu and Chongqing
in ancient times (Fig. 1). Formed at the latest during the Tang and Song dynasties
(tenth to fourteenth centuries A.D.), it became an important post road in the Ming and
Fig. 1. Elevation map of Chongqing (left), showing distribution of handicraft industries at sites in the
Zouma region (right): (1) Luduizi; (2) Nanmuwan; (3) Zoujiawan; (4) Gaoluchang; (5) Shaguanchang;
(6) Yaogongbao; (7) Shawan; (8) Tieshazitu; (9) Nianmigou; (10) Shalanya; (11) Qianqiubang (base map
from National Platform for Common Geospatial Information Services, URL: www.tianditu.gov.cn/).

www.tianditu.gov.cn/
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Qing dynasties (fourteenth to nineteenth centuries A.D.). The Zouma region in west
Chongqing was one of the main rest stops for merchants and porters travelling along
the ancient road. The landscape is mainly low mountains and hills (i.e., Jinyun
Mountains), higher in the west and lower in the east. There are rich mineral and
energy resources within the region, including coal, natural gas, siderite, gold,
limestone, quart sand, and refractory clay. Consequently, handicraft industries have
developed and concentrated in Zouma, Chongqing since ancient times.

The iron smelting industry in Chongqing has continued since the Ming and Qing
periods. Aside from the Zouma region, there were iron smelting works about 60 km
away in Jielong Town in western Chongqing, where large blast furnaces were used to
smelt iron and produce cast iron woks and ploughshares. In 1935, two blast furnaces
were built in Ba County; they continue to produce 1500 kg of iron per day. Between
1931 and 1945, other blast furnaces were built in Gaoyantou, Jielong to produce grey
cast iron (Zhao 1994:195). In the flourishing period of the 1930s through 1940s,
Chongqing became the iron and steel production center of southwest China; over 200
private and government-managed ironworks and enterprises in Chongqing produced
48 percent of the steel for China (Zhao 1995:43).

In 2016, an archaeological survey was conducted in the Zouma region of the
Cheng-Yu road by Chongqing Cultural Heritage Research Institute. A total of 11
handicraft industrial sites dated from the twelfth to the nineteenth centuries (i.e., from
the Southern Song to theMing andQing dynasties) were discovered, of which four are
iron smelting related sites, four are porcelain making sites, and the other three are lime
making sites (Sun et al. 2020) (Fig. 1 right).

Archaeometallurgists have long paid close attention to cast iron technology in
ancient China (Wagner 1993; Yang 2004). Researchers have examined iron
technology from different perspectives, including furnace shape (Huang et al.
2015), slag (Huang et al. 2016), refractory materials (Liu 2015), and blast equipment
(Huang and Qian 2013). Past studies mostly focused on cast iron technology dating to
before the Tang and Song dynasties, while little attention has been paid to the period
after the fourteenth century during the Ming and Qing dynasties. The aim of this
article is to examine the iron production technologies of western Chongqing in the
Late Ming Dynasty through microstructural and elemental analyses of smelting-related
materials excavated from the Luduizi and Tieshazitu iron smelting sites. This is the first
introduction of the local iron production industry and first scientific analysis of
smelting materials in this area. It provides direct evidence and a preliminary
understanding of iron production technology in western Chongqing in the sixteenth
to seventeenth centuries.
IRON SMELTING SITES

Local place names sometimes provide important clues to finding iron related sites and
locations in China. Iron smelting sites in Zouma were discovered at Luduizi, which
literally translates to ‘furnace deposits’ (Fig. 1-1); Tieshazitu (lit. ‘iron sand soil’) (Fig.
1-8); Gaoluchang (lit. ‘blast furnace workshop’) (Fig. 1-4); and Nianmigou (Fig. 1-9).
These four sites are distributed in the middle of the Jinyun mountain range, in which
iron ore can be found nearby.

Examples of porcelain sherds from Luduizi and Gaoluchang are seen in Figure 2.
Based on the sherds excavated along with the furnaces, the Luduizi and Tieshazitu sites



TABLE 1. CALIBRATED
14C RESULTS OF SAMPLES FROM TIESHAZITU AND LUDUIZI

CALIBRATED

LAB NO. SAMPLE TYPE SITE
14

C (B.P.) (68.2%) (95.4%)

GZ9297 Charcoala Tieshazitu 395 � 15 A.D. 1454 (100%) – 1480 A.D. 1448 (8.2%) – 1499
A.D. 1600 (91.8%) – 1616

GZ9298 Charcoala Luduizi 305 � 15 A.D. 1524 (16.8%) – 1559
A.D. 1565 (6.4%) – 1570
A.D. 1631 (76.8%) – 1640

A.D. 1518 (21.7%) – 1590
A.D. 1620 (78.3%) – 1644

a Attached to slag samples.

Fig. 2. Excavated porcelains: (1) kettle from Luduizi (LL1:1); (2) bowl sherd from Gaoluchang (GF1:1);
(3) bowl from Gaoluchang (GZ1:1).
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can be dated to the end of the Ming Dynasty in the sixteenth to seventeenth centuries
A.D. These approximate dates have been supported by radiocarbon dating (Table 1).
According to excavated porcelain sherds and the structure of the discovered furnaces,
the operating time for the Gaoluchang and Nianmigou iron smelting sites probably
dates to the nineteenth century Late Qing Dynasty.

Luduizi Site

The total area of the Luduizi site is ca. 1000 m2. The site probably comprises smelting,
mining, and residential areas. The smelting area is located in the middle of the site,
where three blast furnace bases were discovered. Large amounts of discarded smelting-
related deposits, including slags, refractory materials, and iron ore, were excavated in
front of the furnace bases. One ancient mine was discovered a short distance northeast
of the smelting area. The entrance of the mine has collapsed, but it was likely an iron
ore mine since iron ore samples were collected in front of the entrance.



Fig. 3. Furnace L1 at Luduizi site: (left) diagram; (right) photograph.
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The base of one blast furnace (L1) was excavated and two others were surveyed and
recorded. Furnace L1 is slightly elliptic in plan, with a north-south diameter of 254 cm
and east-west diameter of 270 cm. The inner diameter is 210–226 cm and the
remaining height of the furnace is 356 cm. The furnace wall was constructed with
refractory clays about 44 cm thick. A thin layer of interior lining can be identified
about halfway into the walls of the remaining furnace (Fig. 3).

Tieshazitu Site

The total area of the Tieshazitu site is 2000 m2. No furnace was found at the site, but
large amounts of refractory materials, iron ore, and slags were discovered. Three
abandoned mines were discovered southwest of the site, at which large numbers of
broken rocks and ore could be found on the ground surface.

Gaoluchang Site

The Gaoluchang site is about 1000 m2. Two blast furnaces constructed with stone
bricks were discovered at the site along with large amounts of coal debris and smelting
slags (Fig. 4).

Nianmigou Site

The Nianmigou site is about 400 m2. One furnace was discovered at the site. It is
round in plan and constructed with big stone bricks (Fig. 5). The remaining furnace is
5.4 m high and the diameter at the remaining top is 2.9 m.



Fig. 4. Furnace L1 at Gaoluchang site.

Fig. 5. Furnace L1 at Nianmigou site, with closeup of interior wall (inset upper left).
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METHODS AND RESULTS

Sample collection focused on the Luduizi and Tieshazitu sites (Table 1, Table 2). Seven
samples were collected from four slags (SK0400, SK0404, SK0402, SK0405), two ores
(SK-5, SK-6), and one furnace wall (SK0399, SK-4) from the Luduizi site and three
samples were collected from two slags (SK0401, SK0403) and one ore (SK-7) from the
Tieshazitu site (Fig. 6). The slag samples were compression mounted, ground, and
polished. The polished sections were examined using a Leica CM6000M optical
microscope before and after etching with 4% nital. Scanning electron microscope
TABLE 2. SAMPLE DETAILS

SAMPLE NAME SAMPLE NO. EXCAVATED NO.a DESCRIPTION

Slag SK0400 2016JZL SC:1 Grey, small pores (ca. 30–40%), charcoal
trapped inside

Slag SK0404 2016JZL SC:1 Grey, small pores (ca. 30–40%)
Slag SK0402, SK0405 2016JZL L1:3 Grey, small pores (ca. 10–20%)
Slag SK0401 2016JZT SC:1 Grey, small pores (ca. 10–20%)
Slag SK0403 2016JZT:1 Grey, small pores (ca. 10–20%), smooth

surface texture
Furnace wall SK0399, SK-4 2016JZL L1 Brown, small slag attached one side,

small pores seen on profile
Ore SK-5 2016JZL L1:1 Dark yellow, dark red some areas, low

magnetic
Ore SK-6 2016JZL L1:4 Dark red, low magnetic
Ore SK-7 2016JZG SC:1 Dark red, low magnetic

a JZG = Gaoluchang; JZL = Luduizi; JZT = Tieshazitu.

Fig. 6. Photographs of slag and furnace wall samples from Luduizi (SK0400, SK0402, SK0404, SK0405,
SK0399) and Tieshazitu (SK0401, SK0403), with sampling positions indicated.



TABLE 3. CHEMICAL COMPOSITION RESULTS OF SLAG (SK0400–0405) AND FURNACE WALL

(SK0399) SAMPLES (NORMALISED WT%)

SAMPLE NO. MGO AL2O3 SIO2 K2O CAO TIO2 MNO FEO

SK0400a 4.19 15.27 54.82 4.06 7.70 0.78 8.73 4.45
SK0401b 2.68 14.30 45.73 3.19 4.18 0.65 7.40 21.87
SK0402a 2.38 13.57 67.27 4.13 3.05 0.87 4.89 3.82
SK0403b 4.73 14.19 48.31 4.4 8.63 0.67 8.70 10.37
SK0404a 2.86 15.17 48.40 3.37 3.99 0.65 7.48 18.07
SK0405a 1.11 7.67 74.55 2.76 1.75 0.64 2.80 8.70
SK0399a 1.68 18.08 66.59 4.00 0.98 8.67

a Sample from Luduizi.
b Sample from Tieshazitu.
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energy dispersive spectroscopy (SEM-EDS) analyses were carried out with a Zeiss
Evo18 SEM with an Oxford X-MaxN 50 mm2 EDS detector equipped with AZTEC
software at the Jinsha Museum in Chengdu; the acceleration voltage was set to 20 kV.
The samples were gold coated before SEM-EDS analyses. Results are shown in
Table 3.

The ore and furnace wall samples were subjected to X-ray fluorescence (XRF) using
a JSM-7500F SEM with an INCA250X-MAX50 EDS detector and X-ray diffraction
(XRD) using an X’Pert Pro MPD at the Analytical & Testing Center, Sichuan
University. The acceleration voltage was set to 20 kV for XRF and 40 kV for XRD.
Results are shown in Figure 7. The phase composition of the ore samples was obtained
Fig. 7. XRD analysis results from furnace wall (SK-4) and iron ore (SK-5, SK-6, SK-7).



TABLE 4. CHEMICAL COMPOSITION RESULTS OF ORE SAMPLES SK-5, SK-6, AND SK-7
(NORMALIZED WT%)

LAB NO. FE SI AL MN K MG CA TI O

SK-5 35.52 5.58 2.36 2.29 0.80 0.43 0.50 – 52.53
SK-6 21.69 11.16 3.84 1.06 1.11 0.87 0.36 – 59.91
SK-7 28.45 11.33 2.29 1.67 0.54 0.73 0.70 – 54.28

192 ASIAN PERSPECTIVES • 2023 • 62(2)
according to the general principles of JY/T009-1996 multi-crystal X-ray diffraction.
Results are shown in Table 4. Two slag samples from Luduizi and Tieshazitu were sent
to the State Key Laboratory of Isotopic Geochemistry of China, GIG CAS. The slag
samples were crushed and charcoals were found for radiocarbon dating analysis
(Table 1).

Samples SK0400, SK0402, SK0403, and SK0405 show a glass matrix with small iron
prills under a higher magnification. Pearlite structure with graphite flakes can be seen
after etching in the bigger prills in SK0400 and SK0403 indicate the characteristics of
grey cast iron (Fig. 8). Samples SK0401 and SK0404 are composed of fayalitic
structures and iron prills on a glass matrix (Fig. 9).
Fig. 8. SK0400 and SK0403, showing microstructures after etching.



Fig. 9. Microstructures of samples SK0401, SK0402, SK0404, and SK0405.
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DISCUSSION

Furnace and Refractory Materials

A blast furnace that produces pig iron was called a dajianlu in official documents of the
Ming Dynasty (Shen 1983:340). The local blast furnaces discovered at the sites
represent two different types. The first type is constructed with clay, as is the case with
the furnace base found at Luduizi. Its construction technique is similar to that recorded
in a text written by Song Yingxing in the seventeenth century and titled Tiangongkaiwu
(The Products of Heaven andMan): “the iron smelting furnace is constructed with clay
and tempered with salt” (Yang 2021:386). The second type is constructed with stone
and then sealed and strengthened with clay. This construction technique is seen in the
furnace bases found at Gaoluchang and Nianmigou.

The ore and fuel were charged layer by layer in the smelting process, which may be
why local people referred to the iron smelting industry as duizi (seen in Luduizi),
meaning “piling up” (Zhao 1994:1). Generally, each furnace required more than one
hundred laborers to conduct the smelting process. Besides ore and fuel, small stones and
animal bones were sometimes charged in the furnace as a flux (Yang 1960:109, 115).
The pig iron thus produced was then transported to a foundry or smithy to make
different tools and implements.

Refractory material refers to the technical ceramics used in metallurgical
production. These materials are mainly used to make furnace walls, crucibles,
tuyeres, and casting molds. In ancient times, the refractory materials were made of
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various proportions of clay, sand, charcoal debris, and other organic materials. If the
proportion was right, the melting temperature of the furnace wall could reach
1250–1350 °C (Liu 2015:147).

The furnace wall at Luduizi was made of a mixture of clay, quartz, and charcoal
debris. The amounts of aluminum and silica contents are proportional to the
refractoriness of the refractory materials. According to analysis of the furnace wall
sample SK0399, the furnace apparently did not reach modern refractory standards of
1580 °C (Song and An 2009) (Table 3). However, its high silica and aluminum contents
are similar to those found in the furnace wall materials excavated from the ancient Qi
city at Linzi and the ancient Dongpingling city at Zhangqiu, both in Shandong
Province, as well as the Shuiquangou site at Yanqing, Beijing (Liu 2015:90).

The interior furnace wall was partially eroded and covered by a thin layer of slag.
The high contents of Si and Al in the furnace wall could possibly be the source of SiO2

and Al2O3 found in the slag. No CaO or MnO was discovered in the furnace wall
sample, which might indicate that the CaO and MnO in the slag came from dolomite
charged in the smelting process, not from the furnace wall itself (Liu H. et al. 2014).

Ore

The iron ore deposits in Chongqing are siderite (ferrous carbonate, FeCO3), hematite,
or a mixture of both. The most common type is siderite with low iron content (ca.
25–40%). While the siderite deposits in the Jinyun Mountains have comparatively low
iron content, they also contain relatively few of the impurities that are bad for the
smelting process. According to the XRD results, the iron ore from both Luduizi and
Tieshazitu is siderite, which indicates that the ore was likely exploited locally.

The gangues in iron ore usually include different oxides such as SiO2, Al2O3, CaO,
and MgO. These oxides are eventually separated from the metal in the form of slags. A
good slag is obtained when the mass fraction of basic oxides (i.e., CaO, MnO, etc.) and
acid oxides (i.e., SiO2, P2O5, etc.) in the slag is roughly the same, which provides a
lower melting point and viscosity (Bao and Feng 2008:23). It is necessary to add
appropriate flux according to the composition and quantity of the gangues in the
smelting process to obtain good slags. The iron ore found from Luduizi and Tieshazitu
is low in calcium and magnesium; even though it is relatively high in manganese; its
acidity and alkalinity are still not close to equilibrium, which means flux is needed to
ensure a good smelting.

Bellows

The development of blast furnace and pig iron smelting technology in ancient China is
closely related to the continuous improvement in bellowing technology. Water
powered bellows have been recorded as used in the iron smelting industry as early as the
Eastern Han Dynasty (A.D. 25–220) (Fan 1965:1094). Starting in the Song Dynasty
(A.D. 960–1279), the invention and development of fan or door type wooden bellows
further improved the development of iron smelting technology (Huang and Qian
2013:99; Zeng and Ding 1988:630) (Fig. 10-1). These wooden bellowswere used until
they were upgraded to ‘windbox’ or double acting piston bellows during the Ming and
Qing dynasties (fourteenth to nineteenth centuries) (Dai and Zhang 1988) (Fig. 10-2).
Windbox bellows are usually rectangular or circular in plan, with a piston installed



Fig. 10. Different types of wooden bellows: (1) fan type bellow (from Liu et al. 2017a:11, fig. 8); (2)
windbox bellow (from Yang 2021:387, fig. 96); (3) fan type bellow (from Zhou 1955:26, fig. 1).
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inside and a handle outside for pushing and pulling (Yang 2004:102–116, 158–162).
The Tiangongkaiwu described how to use this type of bellows and noted that “four or
six people are required” to keep it going (Yang 2021:386).

Although the fan type bellows were less advanced than windbox bellows, they
continued to play an important role of iron smelting during the Ming and Qing
dynasties. According to the Baxianzhi (Annals of Ba County) (Zhao 1994), the
traditional iron smelting method and fan type wooden bellows were still used in
Chongqing during the Republic of China (A.D. 1912–1949) (Zhou 1955:26) (Fig. 10-
3). Another historical text, the Guangdongxinyu (New Writings on Guangdong),
written in the seventeenth century, describes a blast furnace operating in Guangdong
Province during the Ming and Qing dynasties: “there is a hole [tuyere] on the back of
the furnace, a clay wall with two ‘doors’ [fans] is built outside the hole, each ‘door’ [fan]
is about 2 meters high and 1.4 meters wide. Four people are operating the ‘doors’, [to]
open and close [them] in order to blast air” (Qu 1985:408).

Based on a discovery at the Dadonggou iron smelting site in Shanxi Province, Liu
and colleagues (Liu et al. 2017a:8–13) restored the process of how to operate a fan type
wooden bellow and provided a very detailed description of how to build the bellow.
They did not provide diagrams of the reconstruction, unfortunately, but the basic idea
was that three or four walls would be built perpendicular to the furnace wall on the
back side of the furnace. Between the walls would be about a one meter space into
which the wooden fans would be installed. Air is blown into the furnace by operating
the fans through the tuyere.

Since wooden bellows are difficult to preserve, there is no archaeological evidence
to prove which specific types of wooden bellows were used in Chongqing during the
Ming Dynasty. Although a hole for bellowing was discovered on the furnace base L1 at
Luduizi, it is difficult to restore the bellow itself due to the serious damage of the
furnace body. Nevertheless, the historical records and scale of the furnace suggests that
a fan type wooden bellow was possibly used.

Slag

The chemical compositions of the slags excavated from Luduizi and Tieshazitu are
mainly FeO, SiO2, and Al2O3, which constitutes Fe-Si-Al slag. This kind of slag has
also been discovered at a Liao Dynasty (A.D. 916–1125) iron smelting site in the
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Yanshan region (Wang andQian 2014). It is different from the Fe-Si-Ca slag discovered
in the Central Plains (Li 1992; Li andWang 2014) and the Fe-Si-Mn slag discovered in
the Lingnan region (Huang and Li 2012).

There is comparatively little wüstite but a higher iron content in the slag samples
excavated at Luduizi and Tieshazitu, especially compared to the usually lower FeO
(1–10%) contents of slags discovered at iron smelting sites in the Central Plains (Chen
et al. 2011; Li 1992; Li and Wang 2014; Qin et al. 2016).

The CaO content in the slags discovered at Luduizi and Tieshazitu is lower than the
around 25 percent of CaO found in slags discovered in the Central Plains, where flux
was added during smelting. However, the MgO content of the slags at Luduizi and
Tieshazitu is relatively high and shows a positive correlation between CaO and MgO
(r = 0.98042), which indicates that dolomite (CaMg[CO3]2) was probably used as a
flux in the smelting. Dolomite is a nonmetallic mineral deposit abundant in the Jinyun
Mountains and could easily have been exploited. The MgO contained in dolomite can
form eutectic with CaO during the smelting; this eutectic has a melting point of 280
°C lower than pure CaO (Bao and Feng 2008:234). This might be the reason that
dolomite was used as flux rather than limestone. The alkalinity of the slags
(CaO + MgO + MnO/SiO2 + Al2O3) discovered at Luduizi and Tieshazitu is as low
as 0.21 indicating an acid slag characteristic of and having benefits for tapping.

Fuel

Charcoal is more expensive and less efficient than coal, but the use of charcoal as fuel
makes the smelting process easier than the use of coal. Using coal as fuel causes high
sulphur content in the iron, which makes the iron brittle and retards graphitization. If
the desulphurization process does not go well in coal-fueled smelting, the iron
produced becomes less useful or even useless compared to iron smelted with charcoal.
In addition, coal softens at relatively low temperatures, so a mound of coal cannot
support a tall column of ore in a blast furnace. Its use can cause disastrous consequences
wherein the entire mixture of ore, fuel, and limestone or other materials cease to move
down and get stuck, so that smelting ceases and sometimes the furnace explodes. Even
though coal requires higher blast capacities and better desulphurization techniques,
ancient iron smelters often used coal because it can lower the cost of fuel and provide
higher combustion temperatures (Han and Ke 2007:589).

The earliest evidence of using coal as fuel in iron smelting can be found in the Shui
Jing Zhu (Commentary on the Waterways Classic), which was written by Li Daoyuan
during the Northern Wei Dynasty (A.D. 386–534). Li (2007:39) quoted another
ancient text, the Shishi Xiyu Ji释氏西域记 (Shi’s Travel Notes of the West), as having
recorded that at “mountains 200 km north of Quci [Qiuci, modern Kuche and Shaya
in Xinjiang], flames were seen at night, but only smoke in the daytime; people
exploited coal [石炭] to smelt iron [which] both [came] from the mountains, and
supplied the daily uses of the 36 kingdoms.”

In northern China, charcoal has been in short supply since the Northern Song
period, but coal did not replace charcoal immediately in the iron industry. At present,
more than 20 iron smelting sites dating to the Tang and Song dynasties have been
excavated or surveyed in northern China. Although many historical documents record
that coal was used as fuel for iron smelting activities as early as the Tang Dynasty, and
this seems to be supported by the sulphur content found in excavated iron objects
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(Beijing 1978:152), no direct evidence of coal use has yet been found at these iron
smelting sites. The nine pig iron ingots with high-sulphur content (1.075%) that were
excavated from Anyang, Henan Province constitute the earliest direct evidence that
coal was used as fuel in iron smelting during the Song Dynasty (A.D. 960–1279) (Hua
1989).

The Tiangongkaiwu records coal as having been in widespread use as late as the Ming
Dynasty (Yang 2021:308). While both charcoal and coal were used as fuel during the
Ming Dynasty, charcoal was still the main type of fuel used at important iron smelting
centers in Hebei and Guangdong provinces at the time. The largest national
government-controlled and managed iron smelting facilities of the Ming Dynasty,
Zunhua Ironworks, still used charcoal as its main type of fuel and established exclusive
charcoal-making works in nearby counties (Shen 1983:340).

There are abundant coal deposits in the Jinyun Mountains. However, sulphur was
not detected and the charcoal debris found among the slag samples indicates that
charcoal was used as fuel at both Luduizi and Tieshazitu. In addition, these slag samples
are all acid slags, which have very poor desulphurization and dephosphorization
abilities. There is little evidence of desulphurization processes in historical documents
or in the archaeological record. However, coal and coke were used as fuel in crucible
smelting in the Shandong and Shanxi provinces during the Ming and Qing dynasties
(Liu P. et al. 2014:220–221). The smelters could probably have reduced sulphur
content in the iron by using low-sulphur content coal and extending the roasting time
(Liu et al. 2017b:90–91).

The same problem was encountered in seventeenth century Britain. In the first
decade of the seventeenth century, the supply of wood in Britain was very short and the
scarcity of fuel hindered the development of the iron industry. Iron smelters urgently
sought another fuel that could be substituted for charcoal. At the time, coal was already
widely used in the glass and brick making industries. The first person to claim success
in smelting iron with mineral fuel alone was Dud Dudley (A.D. 1599–1684), who
described the process in Metallum Martis in 1665 (Wagner 2001a). The consensus of
metallurgical historians today appears to be that he did succeed in producing iron with
coal, but it was not an economic success, presumably because his iron was of inferior or
unreliable quality compared to charcoal fueled iron (Wagner 2001a:52). The first
economically successful use of coal in iron smelting in the west was by Abraham Darby
at Coalbrookdale in 1709 (Gale 1977:9).

In summary, although there is evidence in the historical record that coal has been
exploited and used in Chongqing during the Qing Dynasty (Wang and Zhang
2017:21), charcoal was still used as fuel in iron smelting in western Chongqing in the
Ming Dynasty. Chongqing is located in western China, which had rich forest
resources, but social and technological developments were relatively slow there during
theMing Dynasty. Chongqing iron smelters may have preferred charcoal because using
coal as fuel requires more advanced technology and the sulfur content that remains in
the finished product negatively affects the quality of the iron produced.
CONCLUSIONS

The discovery of iron smelting sites in the Zouma region addresses a gap left by limited
previous archaeological findings and provides direct evidence of iron production in
western Chongqing in the sixteenth to seventeenth centuries. It also provides a
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valuable case study of the local iron production industry during theMing Dynasty. The
Luduizi and Tieshazitu sites dated to the sixteenth and seventeenth centuries are
located in the Jinyun Mountains in western Chongqing. Analyses of the slags, ore, and
furnace wall samples excavated from the two sites could lead to the conclusion that
both sites were cast iron smelting sites; however, no evidence of forging or casting have
been discovered at the sites. They more likely functioned only to produce pig iron,
which was possibly transported to a nearby foundry or smithy to be made into further
products.

The iron ore used at both sites was locally distributed siderite. Charcoal was used as a
fuel and locally distributed dolomite may possibly have been used as a flux in the
smelting. The furnaces were constructed with refractory clays, which matches the
description in the great technological encyclopedia, the Tiangongkaiwu.

Other historical records suggest that the iron smelting industry turned from
primarily government-run to private operations during the Ming and Qing dynasties.
The annual output of government-produced iron reached its peak in the Ming
Dynasty (Xia et al. 1980:171). In the early Qing Dynasty, iron mining and smelting
operations were run by private concerns that were taxed by the government (Zhao
1977:3664). Since the sites in the Zouma area that were introduced in this article were
never recorded in official historical documents and their iron smelting technologies
were not yet well-developed, it is probable that these were sites of private iron smelting
workshops.
ACKNOWLEDGMENTS

This research was funded by the China Postdoctoral Science Foundation (grant number
2019M653456), National Social Science Fund of China (15ZDB056), Sichuan University
(2021CXC14, 2035xd-02), Chongqing Kejiju (cstc2021jxjl00027), and Preserving and
Protecting the Tibetan Culture (XZ202201ZD0002G).
REFERENCES CITED

BAO YANPING 包燕平 AND FENG JIE 冯捷
2008 Gangtie yejinxue jiaocheng 钢铁冶金学教程 [Course on Ferrous Metallurgy]. Beijing: Yejin

gongye chubanshe.

BEIJING GANGTIE XUEYUAN 北京钢铁学院
1978 Zhongguo yejinshi 中国冶金史 [Chinese Metallurgy History]. Beijing: Kexue chubanshe.

CHEN HONGLI 陈虹利 AND QIAN WEI 潜伟
2016 Mingdai zhongguo chuantong gangtie jishushi yanjiu pingshu 明代中国传统钢铁技术史研

究评述 [A review of research on the history of traditional iron and steel making technology in
the Ming Dynasty]. Journal of Guangxi University for Nationalities (Natural Science Edition)
22:46–52.

CHEN JIANLI 陈建立, HONG QIYAN 洪启燕, QIN ZHEN 秦臻, LIU HAIWANG 刘海旺, AND HAN RUBIN

韩汝玢
2011 Lushan wangchenggang yetie yizhi de yelian jishu chubu yanjiu鲁山望城岗冶铁遗址的冶炼

技术初步研究 [A preliminary study of the smelting techniques at the iron smelting site at
Wangchenggang in Lushan]. Huaxia Kaogu 3:99–108.

DAI NIANZU 戴念祖 AND ZHANG WEIHE 张蔚河
1988 Zhongguo gudai de fengxiang jiqi yanbian 中国古代的风箱及其演变 [The evolution of the

bellows in ancient China]. Studies in the History of Natural Science 7:152–157.

FAN YE 范晔
1965 Hou han shu 后汉书 [History of the Later Han Dynasty]. Beijing: Zhonghua shuju.



LI ET AL. • IRON PRODUCTION IN WESTERN CHONGQING 199
GALE, W. K. V.
1977 Historic Industrial Scenes: Iron and Steel. Hartington: Moorland Publishing Company.

HAN RUBIN 韩汝玢 AND KE JUN 柯俊
2007 Zhongguo kexue jishushi·kuangyejuan 中国科学技术史: 矿冶卷 [History of Chinese Science

and Technology: Mining and Smelting]. Beijing: Kexue chubanshe.

HUA JUEMING 华觉明
1989 Meizhituan he shaojie zai zhongguo gudai yejin zhong de yingyong煤制团和烧结在中国古

代冶金中的应用 [The use of coal, coke, briquetting and agglomeration in ancient China’s
metallurgy]. China Historical Materials of Science and Technology 10:3–5.

HUANG QUANSHENG 黄全胜 AND LI YANXIANG 李延祥
2012 Guangxi xingyexian gaoling gudai yizhi yelian jishu chubu yanjiu广西兴业县高岭古代遗址

冶炼技术初步研究 [Study on the Gaoling iron smelting site in Xingye county of Guangxi].
Studies in the History of Natural Sciences 31:288–298.

HUANG QUANSHENG 黄全胜, LI YANXIANG 李延祥, CHEN JIANLI 陈建立, AND TIE FUDE 铁付德
2016 Yi luzha fenxi weizhu jieshi gudai liantie jishu 以炉渣分析为主揭示古代炼铁技术的研究

与探索 [Research and exploration of ancient iron smelting technology based on slag analysis].
Zhongguo Guojia Bowuguan Guankan 11:145–153.

HUANG XING 黄兴 AND QIAN WEI 潜伟
2013 Shijie gudai gufengqi bijiao yanjiu世界古代鼓风器比较研究 [A comparative study of world

bellows before the industrial revolution]. Studies in the History of Natural Sciences 32:84–111.

HUANG XING, QIAN WEI, WEI WEI, GUO JINGNING, AND LIU NAITAO

2015 3D numerical simulation on the flow field of single tuyere blast furnaces: A case study of the
Shuiquangou iron smelting site dated from the 9th to 13th century in China. Journal of
Archaeological Science 63:44–58.

JIANG MAOFA 姜茂发 AND CHE CHUANREN 车传仁
2005 Zhonghua yetie zhi中华冶铁志 [The History of Iron Smelting in Ancient China]. Shengyang:

Dongbei daxue chubanshe.

LI DAOYUAN 郦道元
2007 Shui jing zhu 水经注 [Commentary on the Waterways Classic], edition revised by Qiaoyi

Chen. Beijing: Zhonghua shuju.

LI, JINGHUA 李京华
1992 Henansheng wuxian gudai tiekuangye yizhi diaocha 河南省五县古代铁矿冶遗址调查

[Surveys on the ancient iron smelting sites in five counties of Henan province]. Huaxia Kaogu
1:44–62.

LI YANXIANG 李延祥 AND WANG RONGGENG 王荣耕
2014 Hebei handan wuanshi jingjicun yetie yizhi kaocha 河北邯郸武安市经济村炼铁遗址考察

[Exploration of the iron smelting site at Jingji village in Wu’an, Handan City, Hebei]. Huaxia
Kaogu 4:31–33.

LIU HAIFENG 刘海峰
2015 Zhongguo gudai zhitie lubi cailiao chubu yanjiu 中国古代制铁炉壁材料初步研究

[Preliminary Research on Furnace Materials of Historical Ferrous Metallurgy in China].
PhD thesis. University of Science and Technology Beijing 北京科技大学.

LIU HAIFENG, QIAN WEI, CHEN JIANLI, LI YANXIANG, GUO JINNING, AND LIU NAITAO

2014 A preliminary study of furnace materials from Shuiquangou iron smelting site of Liao and Jin
period in Beijing. ISIJ International 54:1159–1166.

LIU LIN 刘琳
1984 Hua yang guo zhi jiaozhu 华阳国志校注 [Critical Edit of the “Treatise on the States South of

Mount Hua”]. Chengdu: Bashu shushe.

LIU PEIFENG 刘培峰, LI YANXIANG 李延祥, AND QIAN WEI 潜伟
2014 Cong wenxian jizai zhuisu ganguo liantie de yuanliu 从文献记载追溯坩埚炼铁的源流

[Tracing back to the origin and development of crucible smelting through documentary
records]. Studies in the History of Natural Science 33:216–222.

2017a Chuantong yetie gufengqi mushan de diaocha yu yanjiu传统冶铁鼓风器木扇的调查与研究
[Survey and study of the Mushan iron smelting blower]. Journal of Dialectics of Nature 3:8–13.



2017b Shanxi chuantong ganguo liantie jishu leixing, fenbu jiqi xingcheng yuanyin山西传统坩埚炼
铁技术类型,分布及其形成原因 [Types, distribution, and cause of the formation of crucible
smelting]. Studies in Philosophy of Science and Technology 34:86–92.

QIN ZHEN 秦臻, CHEN JIANLI 陈建立, AND ZHANG HAI 张海
2016 Henan wugang, xiping diqu zhanguo qinhan yetie yizhiqun de gangtie shengchan tixi yanjiu

河南舞钢, 西平地区战国秦汉冶铁遗址群的钢铁生产体系研究 [Study of iron smelting
production system of iron smelting sites in Wugang and Xiping, Henan in the Warring States
Period and the Qin and Han Dynasties]. Zhongyuan Wenwu 1:109–117.

QU DAJUN 屈大均
1985 Guang dong xin yu 广东新语 [New Discourses on Guangdong]. Beijing: Zhonghua shuju.

SHEN SHIXING 申时行
1983 Da ming hui dian 大明会典 [Code of Great Ming Dynasty], [compiled in 1591]. Shanghai:

Shanghai guji chubanshe.

SICHUANSHENG DANGANGUAN 四川省档案馆 AND SICHUANDAXUE LISHIXI 四川大学历史系
1989 Qingdai qianjiadao baxian dangan xuanbian 清代乾嘉道巴县档案选编 [Selected Ba County

Archives in the Jiaqing and Daoguang Period of the Qing Dynasty]. Chengdu: Sichuan daxue
chubanshe.

SONG XIWEN 宋希文 AND AN SHENGLI 安胜利
2009 Naihuo cailiao gailun 耐火材料概论 [Introduction to Refractory Materials]. Beijing: Huaxue

gongye chubanshe.

SUN ZHIGANG 孙治刚, TANG GUOQING 唐国庆, AND LI DADI 李大地
2020 Chengyu gudao zouma quyu shougongye yizhi diaocha shijue jianbao 成渝古道走马区域手

工业遗址调查试掘简报 [Brief report of the survey and excavation on the handicraft
industrial sites in the Zouma region of the Cheng-Yu ancient road]. Wenbo 2:12–20.

WAGNER, D. B.
1993 Iron and Steel in Ancient China. Leiden: E. J. Brill.

2001a Blast furnaces in Song-Yuan China. East Asian Science, Technology, and Medicine 18:41–74.

2001b The State and the Iron Industry in Han China. Copenhagen: NIAS Publishing.

WANG LINGLING 王菱菱
2005 Songdai kuangyeye yanjiu 宋代矿冶业研究 [Study of Metallurgy in the Song Dynasty].

Baoding: Hebei daxue chubanshe.

WANG QILI 王启立 AND QIAN WEI 潜伟
2014 Yanshan didai bufen liaodai yetie yizhi de chubu diaocha 燕山地带部分辽代冶铁遗址的初

步调查 [Preliminary investigation and research on several Liao Dynasty iron smelting sites in
the Yanshan region]. Journal of Guangxi University for Nationalities 20:44–52.

WANG XIAOFEI 王晓飞 AND ZHANG CHAOYANG 张朝阳
2017 Liyi, zhian yu fengshu: qingdai baxian dangan zhongde caikuang jiufen 利益, 治安与风水:

清代巴县档案中的采矿纠纷 [Interests, public security order, and geomancy: Archives of
mining disputes in Ba County during the Qing Dynasty]. Journal of West Normal University
(Philosophy & Social Sciences) 5:21–27.

WATSON, B.
1971 Records of the Grand Historian of China: Translated from the Shih chi of Ssu-ma Ch’ie. New York:

Columbia University Press.

XIA XIANGRONG 夏湘蓉, LI ZHONGJUN 李仲均, AND WANG GENYUAN 王根元
1980 Zhongguo gudai kuangye kaifashi 中国古代矿业开发史 [History of Mining Development in

Ancient China]. Beijing: Dizhi chubanshe.

YANG KUAN 杨宽
1960 Zhongguo tufa yetie liangang jishu fazhanshi中国土法冶铁炼钢技术发展简史 [A Brief History

of the Development of Iron Smelting and Steel Making Technology in China]. Shanghai:
Shanghai renmin chubanshe.

2004 Zhongguo gudai yetie jishu fazhanshi 中国古代冶铁技术发展史 [The History of the
Development of the Iron Smelting Technology of Ancient China]. Shanghai: Shanghai
renmin chubanshe.

200 ASIAN PERSPECTIVES • 2023 • 62(2)



LI ET AL. • IRON PRODUCTION IN WESTERN CHONGQING 201
YANG WEIZENG 杨维增, ED.
2021 Tian gong kai wu 天工开物 [A Critical Translation with Annotations of Tiangongkaiwu].

Beijing: Zhonghua shuju.

YUAN WENXING 袁文兴 AND PAN YINSHENG 潘寅生, EDS.
1997 Tang liu dian quanyi 唐六典全译 [Annotation of the Six Codices of the Tang Dynasty].

Lanzhou: Gansu renmin chubanshe.

ZENG GONGLIANG 曾公亮 AND DING DU 丁度
1988 Wu jing zong yao 武经总要 [Collection of the Most Important Military Information and

Techniques]. Shanghai: Shanghai guji chubanshe.

ZHAO CHAOZHONG 赵朝忠
1994 Baxianzhi 巴县志 [Annals of Ba County]. Chongqing: Chongqing chubanshe.

ZHAO ERFENG 赵尔巽, ED.
1977 Qing shi gao 清史稿 [Qing History Draft]. Beijing: Zhonghua shuju.

ZHAO XINGSENG 赵行森
1995 Kangzhan shiqi de chongqing gangtie gongye 抗战时期重庆的钢铁工业 [Iron and steel

industry in Chongqing during the anti-Japanese war]. Chongqing Social Sciences 4:42–46.

ZHOU ZHIHONG 周志宏
1955 Zhongguo zaoqi gangtie yelian jishushang chuangzaoxing de chengjiu 中国早期钢铁冶炼技

术上创造性的成就 [China’s early creative achievements in iron and steel smelting
technology]. Kexue Tongbao 2:25–30.


	Iron Production Industry in Western Chongqing During the Late Ming Dynasty: A Perspective from Smelting Related Materials
	introduction
	iron smelting sites
	Luduizi Site
	Tieshazitu Site
	Gaoluchang Site
	Nianmigou Site

	methods and results
	discussion
	Furnace and Refractory Materials
	Ore
	Bellows
	Slag
	Fuel

	conclusions
	ACKNOWLEDGMENTS
	References cited


