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A B S T R A C T

Most studies of the Han iron industry in the previous literature focus on large-scale ironworks, whereas the
organization of small-scale iron production and its social, political, and economic connection to the overall Han
Empire have not been empirically analyzed. This article offers the first discussion exploring the organization of
small-scale iron production at a site called Taicheng associated with a medium-level settlement of Han country in
the Guanzhong Basin, Shaanxi. We suggest that, using parameters proposed in the literature, evidence for iron
production processes, such as manufacturing waste and techniques of final products, is inadequate to pinpoint
clearly the type of organization used at Taicheng ironworks. However, by focusing on the domain of “economic
embeddedness”, which draws upon multiple lines of evidence including that relating to all craft goods manu-
factured and food production, as well as the supply system for food, this article argues that it may be possible to
more effectively evaluate if the ironworks was operated on the basis of so-called independent household pro-
duction. This article proposes a theoretical scheme to explain and conceptualize how independent household
production differs from other types of organization (i.e., nuclear corvée/convict, nucleated workshop, and re-
tainer workshop) in terms of the degree of economic embeddedness. Through analyzing the faunal remains from
Taicheng and comparing the results with those from Zhonghang, which was a large-scale Warring States iron-
works in an urban center and therefore most likely relied upon a specialized food production system, this re-
search suggests that the Taicheng evidence reveals a strong degree of economic embeddedness. Our finding
challenges the often-repeated assumption, based on ancient textual sources, that small-scale ironworks were
usually independent, household-based production units. Instead, the relatively small-scale ironworks at
Taicheng was more likely a full-time, factory-like retainer or nucleated workshop. In a broader context, this new
piece of information also suggests that the Han iron industry, particularly in the capital region, had a more
complicated structure than that described by previous textually derived models.

1. Introduction

Iron production was an important contributor to the state financial
system of the Qin (221-206 BCE) and Han (202 BCE- 220 CE) Empires
(Lin, 1999:801–813; Ma, 1983:114–127; Nishijima, 1986; Zang,
2012:106–110). Through implementing the monopoly policy1 begin-
ning in 117 BCE, the government of the Han Empire successfully im-
posed a high degree of centralized management onto the production
domains of iron and some other critical resources (e.g., salt and bronze
coin minting). During the Qin-Han period, ironworks in the Central
Plains primarily used blast furnaces for making cast iron (the type of
iron that was produced in a liquid stage for casting and has a carbon

content usually about 4%, see Wagner, 2008: 5, 13). Large-scale cast
iron production of standardized tools and vessels can be efficient, but
the manufacturing needs to involve the cooperation of a large number
of workers with different craft working skills, for example relating to
furnace operation to sustain a high temperature, the production of
metallurgical ceramics, and the treatments needed to convert cast iron
to steel. Studies of cast iron production can thus provide a useful per-
spective through which Han economies can be explored. However, the
value of iron production as a contributor to our understanding of the
socio-economic foundations of the Han period has yet to be fully
evaluated, since most discussions have focused on a few large-scale
ironworks (e.g., Li, 1995, 2003), while medium to small-scale examples
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have remained underexplored.
In this article, a small-scale ironworks named Taicheng (邰城),

which only covers an area of less than 10,000 square meters (Table 1)
and is located in the political core region also known the Guanzhong
Basin (Fig. 1), is analyzed as a case study. Even though the site dates to
the early Western Han period (ca. 202-140 BCE) and lasted a short time,
this Han ironworks was the first well-investigated site of its type in the
capital region (Shaanxi, 2018:18–19), therefore providing critical in-
formation contributing to a better understanding of the iron industry.
The authors propose that faunal remains, which provide one important
line of evidence concerning food consumption and supply at the iron-
works, can be combined with other lines of evidence related to craft
production to assist in our attempts to differentiate between “in-
dividual/community, “nuclear corvée /convict”, and “nucleated pro-
duction/retainer workshop” types of craft organization (Table 2), al-
though we acknowledge that the parameters for identifying these types
of organization suggested in the literature remain controversial (e.g.,
Costin, 1991, 2005, 2007; and for different views see Flad and Hurby,
2007). We begin by introducing the concept of “economic embedded-
ness”, or the degree of economic connection that production units were
able to generate with customers and adjacent communities through the
exchange of manufactured products and the procurement of daily ne-
cessities. The presence of remains relating to craft goods manufacture
and food production, together with the degree of reliance on an ex-
ternal supply of food are the key dimensions illustrating the connection.
We then explain how the study of faunal remains can be employed
within this framework. By comparing the Taicheng data with those
from another ironworks named Zhonghang (中行), which dates roughly
to the earlier, Warring States period (453-221 BCE) and was located
within a large capital center, this article attempts to demonstrate the
value of “economic embeddedness” as a means of understanding the
relations between iron producers, local communities, and the overall
managerial system. This paper argues that, in contrast to the conven-
tional idea that small-scale ironworks were probably household pro-
duction units, Taicheng was more likely to be an ironworks employing
full-time specialized labor either in an independent nucleated or at-
tached retainer workshop manner. This study therefore not only ad-
dresses a previously underexplored aspect of the iron industry, but also
provides a framework through which market integration, adminis-
trative involvement, and the labor system used in such “small-scale”
production centers in the Han period can be investigated in a broader
context.

2. Taicheng ironworks and the organization of the Han iron
industry

2.1. Taicheng ironworks and previous studies of the Han iron industry

The Taicheng ironworks is located in Yangling, Shaanxi Province,
and it was a small foundry in a county-level site complex producing
only a limited range of agricultural tools (Fig. 2). According to textual
records, the ironworks was affiliated with Tai (邰) county (Fig. 1), and
archaeological survey indicated that the Tai county town, which is lo-
cated about 200 meters to the south of the ironworks, covered an area
of about 1.2 km2 (Shaanxi, 2018:5–7). This falls within the range of
medium-sized walled centers in the Qin-Han period in the Middle-
Lower Yellow River Valley (Xu, 2013:106, 108). According to ceramic
typology and datable materials, the ironworks dates to the early Wes-
tern Han period, probably before the implementation of the iron
monopoly (Shaanxi, 2018:72–77; Zhao, et al., 2012). Based on survey
and augering results, it was estimated that the ironworks encompassed
less than 10,000 square meters, which is much smaller than most pre-
viously excavated ironworks (e.g., Li, 1995; Zhongguo, 1978; for de-
tailed information about ironworks, see Table 1), but some uncertainty
exists over the original size as the ironworks was partially damaged by
flooding in later periods (Shaanxi, 2018:3).Ta
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In 2011, based on the findings of the auger survey, excavations
(Fig. 3) were conducted in zones with rich and deep depositional se-
quences within the ironworks (Shaanxi, 2018:10–11, 21), but the ar-
chaeological fieldwork could not identify any residential houses, roads,
wells, or facilitates related to production. The unearthed remains
comprised mostly of casting molds, indicating that this workshop spe-
cialized in the casting of two types of agricultural implements; namely,
hoe-heads and plowshares (Fig. 2). The assemblage of manufactured
iron products at Taicheng was therefore different from those of other
known large ironworks, which usually included a wide range of agri-
cultural tools, chariot-fittings, and vessels (Table 1). Through me-
tallurgical analyses of manufacturing remains from the ironworks and
iron objects from a nearby cemetery, our previous research showed that
some raw materials used in production were externally sourced, and
most final products recovered from burials could not have been man-
ufactured by the local ironworks (Lam et al., 2015, 2018).

In previous discussions (Kageyama, 1984:285–290; Wagner,
2008:156–159, 186–188; Yamada, 1998), the organization of iron
production with the Qin-Han period occurred in three main forms:
large-scale non-kin based ironworks that were usually controlled by the
state through adjacent administrative centers, large iron estates con-
trolled by rich merchants in regions with iron ore deposits, and small-
scale independent household production units. After the Qin Empire,
the development of bureaucratic and legal systems allowed the state to
force convict and corvée labor, or zutu (卒徒) as mentioned in historical
texts2, into various types of construction and low-skilled production
work (Barbieri-Low, 2007:108–109; Yu, 2012). Most previously ex-
cavated large ironworks sites (Table 1) and ironworks inside the capital
city of Chang’an (Zhongguo, 1995, 1997) were considered, because of
their size or location, to be of this type (e.g., Bai, 2011; Li, 1995). The
second type of ironworks, which according to ancient textual records3

occurred primarily in ore-rich areas, was controlled by private mer-
chants and employed bound servants or slaves in addition to waged
labor. Unfortunately, no archaeological sites have thus far been con-
firmed as examples of this type. In contrast, the third type of ironworks

was small-scale and widespread in areas lacking major iron ore de-
posits, and manufactured implements through the recycling of scrap
iron. These ironworks were considered to be privately owned and took
the form of household production units4 operated by workers who were
mostly members of the same family (Kageyama, 1984:287; Wagner,
2008:156–159, 186–188; Yamada, 1998). In other words, the textual
perspective suggests that, especially during the early Western Han
period, the size or scale of ironworks as well as their distribution should
somehow be indicative of their affiliation with the state and the social
relations of their workforce.

Having said that, a key issue in the study of small-scale ironworks
organization still remains under-addressed; namely, whether the size of
archaeologically-excavated examples can unambiguously be used to
pinpoint the various types of organization mentioned above. Since most
previous literature considers size to be a comparative parameter
(Kageyama, 1984:287; Wagner, 2008:156–159, 186–188; Yamada,
1998), no objective standard for the categorization of archaeological
cases nor means of attributing them to specific types of organization
have been proposed, not to mention the lack of study of other archae-
ological attributes, such as distribution patterns of specialists and their
social relationships, for more comprehensive analyses. Furthermore,
within the excavation area at Taicheng, sizable waste disposal features
containing large volumes of manufacturing waste, including slag,
tuyères, furnace walls, and casting molds were discovered (Shaanxi,
2018:46–54). It is therefore unclear whether Taicheng should be placed
within the category of independent household production units em-
ploying kin-based members or nucleated ironworks employing full-time
waged labor (or even some convict labor). The clarification of Tai-
cheng’s organization is not only important for the study of the iron
industry itself, but also is beneficial for the discussion of craft produc-
tion in anthropological discourses.

The following section synthesizes the evidence for the Han period
ironworking in terms of the broader literature addressing craft specia-
lization. This theoretical component provides explanations of ter-
minologies used and, therefore, allows the identification of archae-
ological attributes that may be used to highlight the social and political
relationships within ironworks.

Fig. 1. Location of major ironworks and sites mentioned in the text. Drawn by authors in ArcGIS using a data set from Harvard's China Historical GIS (https://sites.
fas.harvard.edu/~chgis/data/chgis/v6)

2 Yantielun jiaozu [Annotation of "Discourses on Salt and Iron" by Huan
Kuan”], 1992 36:430.

3 Yantielun jiaozu [Annotation of “Discourses on Salt and Iron” by Huan
Kuan], 1992, 9:120.

4 Yantielun jiaozu [Annotation of “Discourses on Salt and Iron” by Huan
Kuan], 1992, 36:430.
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2.2. Parameters for identifying independent household production in the
Han period

In archaeology, various models have been proposed to con-
ceptualize the various forms that craft specialization can take (e.g.,
Clark and Parry, 1990; Peacock, 1982; van der Leeuw, 1977), by fo-
cusing on attributes such as the scale of production units, the intensity
of production, or the participation of elites. Of these conceptual fra-
meworks, Cathy Costin (1991) proposed a comprehensive four-para-
meter framework with a broad applicability to the classification of
types of production. In this framework, context, intensity, scale, and
concentration are the four related dimensions that can articulate de-
grees of specialization and classify production sites into eight types
(Table 2). This conceptual framework was demonstrated to be a useful
heuristic tool for clarifying organization and management in studies of
craft production in Bronze Age China (e.g., Flad, 2011; Sun, 2008), and
it is therefore worthwhile here to first describe and explain how these
types of organization could be interpreted from archaeological evi-
dence.

In the framework (Table 7), “context” refers to the physical en-
vironment and “the social, political, and economic, and ideological
milieus that structure relations among producers and between produ-
cers and consumers” (Costin, 2007:150). “Attached” and “independent”
specialization were used to distinguish two types of production system
“context”, corresponding respectively with those under the aegis of
political institutions or elites and those without obvious governmental
or elite involvement (ibid., 152). “Intensity” is a scalar parameter with
full-time and part-time at the two ends of the continuum, depending on
the proportion of time devoted to a particular productive activity
within a worker’s overall time spent on production (Flad, 2011:17),
either in one day or another period of time. Although “scale” is literally
contingent on size, in Costin’s framework (1991) this parameter is also
determined by types of social relations involved in production, such as
kin-based or using hired laborers. Because we already indicated that
Taicheng was a small-scale ironworks during the Han period, in the
organization framework below, we further considered “scale” to de-
scribe how producers involved in production were associated with one
another (e.g., kin-based and hired labor) (Flad, 2011:23), rather than
simply in terms of the physical size. “Concentration” refers to the dis-
tribution pattern of specialists. However, given that only one ironworks
was found at Taicheng, it is impossible to determine whether the
identified production site was a nucleated workshop or not. By using
the three parameters (context, intensity, and scale), it can be seen that
the type of independent household production that was suggested in
Han period texts is probably equivalent to an individual or community
workshop (Costin, 1991:8) that employed kin-based part-time labor,
either within a nucleated or dispersed layout.

Ethnographic and archaeological studies of household craft pro-
duction in prehispanic and modern Mesoamerica (e.g., Arnold, 2014;
Feinman, 1999; Hirth, 2009) provide further explanations for char-
acterizing independent household production units. Based on these
comparative examples, the management of production as a means of
balancing various risks is always a key feature of kin-based, in-
dependent production units in household settings. For instance, in-
dependent potters may need to reduce the impact of pottery market
fluctuations if the workers are entirely responsible for their own sur-
vival. Diversified economic strategies, such as farming or providing
another service to the community, were often adopted to supplement
income lost due to change in the pottery market. In comparison with
full-time nucleated workshops, independent household production
units, or individual/community specialization in Costin’s (1991) fra-
mework, cannot rely fully on an embedded relationship within a spe-
cialized supply network that only interacted with certain or limited
groups of customers and conducted production continuously
throughout the year. Archaeologically, evidence indicating self-sup-
porting systems for daily necessities, producing multiple types of craftTa
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products, and intermittent production will be associated with work-
shops belonging to independent household-level production (e.g.,
Feinman, 1999; Hirth, 2009).

It is important to note that significant differences exist between the
Han Empire and prehispanic Mesoamerica, not to mention modern
Mesoamerica, in terms of their geographical conditions and social
contexts. Therefore, independent household production units in the
Han period might not have operated in the same way as ceramic

workshops in Mesoamerica. However, indicators of independent
household production that were derived through the use of analogies in
ethnographic and archaeological reasoning can provide a conceptual
tool for identifying Han small-scale iron production that was only re-
corded sparsely in historical texts. Drawing these strands from com-
parative examples and anthropological frameworks together, an in-
dependent household production unit can be potentially distinguished
from workshops of the nucleated retainer or nucleated corvée/convict

Fig. 2. Casting molds from Taicheng and pictorial bricks showing how the plowshares manufactured by Taicheng could have been used (A&B hoe-head molds; C&D,
plowshare mold and plowshare core; E&F, pictorial bricks depicting agricultural production scene in the Han period using iron plows, After Zhongguo, 1996: A5,
A11. The length of a Han iron plowshare that was drawn by oxen is usually about 40–50 cm).

Fig. 3. Layout of Taicheng ironworks (filled features representing pits dating to the Early Western Han period; unfilled features representing pits pre-dating or post-
dating the Early Western Han period) (After Shaanxi, 2018: 11, Fig. 5.).
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type depending on whether kin-based labor was primarily employed in
part-time specialization seasonally or non-seasonally. Also, the site
should not present evidence indicating that elites or political institu-
tions had authority or the means to directly control some or all com-
ponents of the manufacturing process (e.g., access to production tools
and the supply of raw materials) and the distribution of products
(Costin, 2007:153). Meanwhile, household production might be ex-
pected to involve multiple types of economic activities as well as food
production and have associated evidence for residential occupation on
site.

Even though these parameters derived from theoretical frameworks
and ethnographic and archaeological records for identifying in-
dependent household production appear to be comprehensive and self-
evident, the employment of these concepts as a means of differentiating
independent household production units from other types of organi-
zation through the analysis of evidence for final products, manu-
facturing remains, and associated features in a Western Han archae-
ological setting is hindered by a number of challenges. First, like
Taicheng, other small-scale iron production sites in settlements outside
the Han capital core (e.g., Nangucheng in present-day Fengxiang, see
Qin, 1980) did not yield clear evidence and such background in-
formation showing methods of governmental control. Nonetheless,
evidence for distinguishing attached and independent specialization is
essential for the identification of independent household production
units. In archaeological context, evidence in this regard includes poli-
tical symbols (e.g., seals or high-status architecture) suggesting the
official involvement in manufacturing, an archaeological context
showing if the raw materials were accessed by limited members, and
signs indicating who (elites or workers) controlled the process of dis-
tribution (Costin, 2005: 1072; Flad, 2011:27); none of them were
identified through the excavations at Taicheng. Moreover, no other
residential sites have been excavated within the Taicheng site complex
or nearby. The distribution of final products would not be helpful in
addressing the issue under consideration here. Given the constraints of
the archaeological evidence at hand and the absence of other textual
records, it is difficult to identify to what extent the Taicheng ironworks
was affiliated with the state.

Second, the clarification of the other two parameters (scale and
intensity) through excavated features or remains related to manu-
facturing is no less complicated in the context of the Han Empire. In
theory, as a nucleated or retainer workshop would employ mostly full-
time non-kin based workers, evidence for long-term dwelling and daily
residential remains should rarely be found near the production area of
this type (Santley and Kneebone, 1993), similar to what one might
expect near a modern industry site. The Taicheng ironworks did not
yield tools or assemblages indicative of multiple types of craft pro-
duction, such as spindle whorls, tools related to bone manufacturing, or
complete farming tools; there was thus no obvious evidence for other
craft manufacturing or crop production on site. As explained above, the
excavation and survey of the entire Taicheng complex also confirmed
that no household structures were found within the surviving part of
the ironworks (Shaanxi, 2018:10). However, it is worthwhile to con-
sider whether this apparent absence of evidence might be contingent
upon preservation, since part of the site was destroyed. Meanwhile, the
Taicheng ironworks yielded an assemblage including both a high den-
sity of iron manufacturing waste and remains associated with food
consumption (i.e., faunal remains) (Shaanxi, 2018:60–61). The con-
centrations of manufacturing waste, the absence of clear evidence re-
lated to residential houses, artifact assemblages, and excavated features
are collectively ambiguous when attempting to determine if the Tai-
cheng ironworks operated as an independent household production
center, or a nucleated retainer, or even a nuclear corvée workshop. The
suggestion derived from textual sources that Taicheng was a household
independent unit needs to be subjected to a more fine-grained analysis.
In this regard, we propose the concept “economic embeddedness” to
synthesize various lines of evidence potentially related to “risk

balancing” and a “diversified economic strategy” in order to shed light
on the connection between producers, adjacent communities, and cus-
tomers (or patrons) in craft production.

3. Framework of economic embeddedness and evaluation of the
reliability of an external food supply system

3.1. Economic embeddedness and independent household production

In fact, similar difficulties have been encountered when applying
Costin’s parameters to the characterization of production in other
complex societies, such as Carla Sinopoli’s study of textile production
during the Vijayanagar Empire (see Sinopoli, 2003:32, 302). For this
challenge, Sinopoli (2003:36) suggested to not only look at products per
se but also further consider how products were moved between various
economic spheres as a means of evaluating the relationships between
craft production and state economies. In this vein, we would add the
movement of necessities for both the manufacturing of goods and
workers’ survival to the list of variables under consideration, with the
aim of better understanding how the organization was embedded
within broader social, economic, and political contexts. This article
argues that by studying the following lines of evidence, namely craft
goods manufacture and food production, alongside the supply system
for daily necessities beyond raw materials, can better explain how
specialists depended upon patrons or customers, while also revealing
the degree of interaction taking place within communities. We propose
that these two aspects can be usefully synthesized within the concept of
“economic embeddedness”. In this paper, we define economic embedd-
edness as a scalar variable, reflecting an ironworks’ degree of economic
connection with customers and adjacent communities established
through the exchange of all types of manufactured products and the
procurement of daily necessities. As we explained earlier, no other
types of craft manufacturing remains were found in features associated
with the Taicheng ironworks. But within the “economic embeddedness”
framework, the absence of multiple types of craft production is in-
sufficient to draw a solid conclusion about the organization of a
workforce. We should also examine the line of evidence indicating the
degree of reliability of the food from an external supply for workers in
order to comprehensively illustrate the interaction taking place within
communities, or the type of economic embeddedness.

It must be noted that our framework employs “economic embedd-
edness” in a way different from the widely-known term “embedded-
ness” used in Karl Polanyi’s work (Polanyi, 2001 [1944]), which refers
to the type of economic activities that were contingent upon social
relations rather than “rational calculation”. As Feinman and Garraty
(2010) argued, Polanyi’s definition underestimated an important fact,
that embedded “social relations” often play an important role even in
modern economies. In this article we consider that embeddedness was
shaped by both market exchange, a manufacturing site’s capacity to be
self-sustaining, and its relations with other members of the community.
Although it is not easy to employ “economic embeddedness” to char-
acterize each site type mentioned in the aforementioned framework
(Costin, 1991), the major distinctive domains that characterized
household production: self-sufficiency in daily necessities and the
crafting of multiple product types (e.g., Feinman, 1999; Hirth, 2009) in
fact reflect a type of economic embeddedness quite distinct from other
forms of organization discussed above and, therefore, are essential for
the discussion here.

In contrast to full-time nucleated or retainer workshops, household
production units cannot fully rely on an embedded relationship within a
specialized supply network and only interact with certain or limited
groups of customers throughout the year. As a result, independent
household production units usually have to diversify their economic
strategy using various sources of income and food in order to support
themselves (Hirth, 2009), as we mentioned above. On the contrary, a
full-time and non-kin based workshop (nucleated convict workshop or
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nucleated/retainer workshop), whether it was an independent or a
state-controlled one employing retainers, might not need to diversify its
economic strategy. In addition, as full-time laborers, the workforce is
more reliant on its neighboring communities for support than part-time
workers within independent household production units, who should
have more time to spend on farming or husbandry as a means of pro-
curing food resources to sustain themselves (Flad, 2011:19). Regardless
of whether they are of the independent or attached specialization type,
full-time production units based on waged labor, retainers, or convict
labor must be deeply embedded in a specialized exchange network and
rely on their patrons or other local specialists to procure raw materials
and food. As a consequence, workers in such situations appear to be less
self-sufficient and less flexible, thereby creating a distinctive type of
“economic embeddedness”. Of course, each type of organization
sometimes employs more than one type of labor. For instance, a kin-
based household production unit could employ some waged labor for
low-skilled work. Moreover, household production units could rely on
food markets to a certain extent. Nonetheless, as we will explain later,
food, especially meat, was relatively expensive in the Han period. In
such a social setting, we assume a strong degree of reliance on an ex-
ternal food market for an independent production unit could not be
feasible. Thus, the dominant species in the archaeobotanical and faunal
assemblages would be different between major types of Han iron in-
dustry mentioned in ancient texts.

For heuristic purposes, we can consider that the types of organiza-
tion relating to the study of the Han iron industry were actually em-
bedded in two main ways (Table 3). The first of these can be labelled
“simplistic economic embeddedness”, which is the type occurring
within local communities and is characterized by a self-sustaining
mechanism that diversifies the supply and buffers risk. This case is
more-or-less equivalent to “individual” or “community” specialization
in Costin’s framework (1991), in which a self-sustaining food system
and the crafting of multiple products were the major strategies for
survival. As a result, no indicators should appear showing a deep re-
liance on an external food supply system. For the second type, termed
here “deep economic embeddedness”, full-time workers in a retainer
workshop or nucleated workshop (Table 2) produce limited types of
goods and might be heavily reliant upon relationships with limited
ranges of customers or suppliers. Although evidence of multiple types of
craft production might have been identified, these types of production
identified usually share fuel or similar kinds of raw materials (for the
purpose of sharing resources in multiple types of craft production, see
Shimada, 2007). Because of their full-time manner of specialized pro-
duction, the communities within nucleated or retainer workshops
would be reliant upon a specialized food supply network, have a more
concentrated demand for final products, and would be associated with
mechanisms that could efficiently draw customers to a location to ac-
cess to their products (Flad, 2011:20) as well as to distribute food to the
workshop.

It must also be noted that workers in some types of organization, for
example a nuclear corvée/convict workshop, could receive minimal
amounts of food provided directly from the government or via a cen-
tralized supply system. Since workers of these types would engage in
production only during certain periods of time throughout a year, and
usually provided goods or services directly to the government, rather
than to specific groups of customers in adjacent communities, we
consider that the degree of economic embeddedness of this kind of
workshop probably falls somewhere between that of independent
households and nucleated/retainer workshops. In addition, some types
of organization discussed in relation to previous conceptual frame-
works, such as “individual retainers”, “dispersed corvée” and “dis-
persed workshop”, might not be distinguished when applying the
concept of “economic embeddedness”. Instead, their identification must
be contingent upon evidence explicitly suggesting official management,
spatial relations with other local residents, and materials that can in-
dicate the identity and rank of workers. Ta
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3.2. Faunal remains and the reliability of an external food supply system in
the Han period

In our framework, we propose to look at various lines of evidence
relating to the food production and food supply in addition to multiple
craft production in order to understand the degree of economic em-
beddedness. In this case study, we selected faunal remains as a key
proxy for evaluating food consumption patterns and organization of the
workforce. One critical reason is that, when compared with palaeobo-
tanical remains, animal bone assemblages are more often published in
the Chinese archaeological literature of the Qin and Han periods; more
examples are therefore available for comparative study. For using the
consumption patterns reflected by animal bones to evaluate the reliance
on an external food supply system, we assume that workers in a full-
time specialized workshop working throughout the year were reliant
upon the supply from the state or received intensive support from
neighboring communities, probably through the meat market (Flad,
2011:19). Thus, the bone assemblage in a retainer or nucleated work-
shop is expected to be different from an independent household iron-
works, in that the latter would try to retain its flexibility and employ
self-sustaining economic strategies such as raising livestock in the en-
virons of the workplace. Using the procurement and exchange of meat
as an analytical unit, this paper evaluates the extent to which iron-
works’ communities were linked to or had relationships with other
communities in order to procure food or other daily necessities.

The Han period’s rich textual records and related discussions in the
literature (e.g., Hayashi, 1975; Sterckx, 2011) also offer an important,
complementary line of evidence when interpreting the implications of
faunal remains for studying the food supply and the social connectivity
underlying craft production. Previous textual studies of Han period
cuisine showed that chickens usually were the major source of meat for
commoners during that period (Yu, 1977) because of the relatively high
price of meat in relation to the low wages of laborers. For instance,
according to excavated written sources from the Hexi corridor, in
northwest China, livestock such as pig and sheep/goats ranged in price
from 200 to 1000 qian (钱), and their meat was usually sold for about
2.5~7 qian per jin (斤, one jin is equivalent to about 245g, see Loewe,
1986: xxxviii) (for the textual evidence and summary, see Ding and
Wei, 2016:166–168). In places where animal husbandry was less well
developed than in the Hexi corridor, the price of meat would have been
even higher. Nonetheless, whether working as hired waged labor or
convict labor, laborers could usually make about 8~12 qian per day
during the Qin and early Western Han periods (for the textual evidence
and summary, see Ding and Wei, 2016:279–282). For labor-intensive
works, staple food would be provided for each laborer, but the subsidies
only included 1.5~2 shi (石, equivalent to 19.968 liters, see Loewe,
1986:xxxviii) of grain per month, and no other types of food were in-
cluded (Yu, 2012:167–186). Given that meat was relatively expensive
in the Han period, even common waged labor and farmers, not to
mention convict labor, might have found it impossible to regularly af-
ford meat (beef, pork, or mutton) (Yu, 1977), beyond consuming the
occasional household chicken or pig in order to supplement their diets.

Archaeologically, for contexts associated with independent house-
hold production, we might expect to see excavated faunal assemblages
consist primarily of chicken bones with a smaller component from do-
mesticated livestock such as pig which could be raised in a courtyard. An
independent household unit would rely primarily upon a self-sufficient
food provisioning system rather than procuring meat from the market
(Table 3). In contrast, in a nuclear corvée workshop, the consumption of
meat should be low as a result of the low status of workers and the
minimal amount of staple food provided, even though the workforce was
economically embedded in and reliant upon local communities for its
food. Animal bones should therefore be rare within any midden deposits
present, and probably would not include those of valuable livestock, such
as cattle. In contrast, retainer workshops, in which the majority of
workers were state-supported artisans, and nucleated workshops

employing mostly waged labor, should both show the strongest degree of
economic embeddedness among the category of workshops under con-
sideration here. In the latter case, most workers rely upon a specialized
meat provisioning system, and faunal remains beyond poultry should be
found. In addition, the body-parts represented and kill-off patterns for
major taxa should be indicative of meat that was primarily provided by
specialists who raised animals to maximize meat production for the
market. In the following section, we will use the case study of Taicheng
to illustrate how this framework can facilitate the discussion about the
small-scale iron production in the Han period.

4. Comparative example and data processing

As we explained earlier, economic embeddedness is a scalar, relative
parameter. In order to strengthen our arguments about Taicheng, in this
article we adopt a comparative framework to discuss the social em-
beddedness reflected in the Han food system. The Zhonghang ironworks,
which is located in a capital setting dating to the Warring States period,
was therefore selected for this study in order to comparatively assess the
degree of specialization and social connections of the Taicheng iron-
works. The background of the site will now be explained below.

Zhonghang ironworks (Henan, 2006) was situated in the capital walled
town of the Zheng and Han states in present-day Xinzheng city, Henan
Province, and was one of three ironworks inside the capital (Fig. 1) (Ma,
1999). Like Taicheng, Zhonghang is located in the Central Plains and has a
similar geological environment. Even though Zhonghang predates Tai-
cheng, and this comparative example was different in terms of its large
scale, Zhonghang is the only available case related to craft production for
comparison within the Qin-Han period. Besides casting iron farming tools,
the site also manufactured bronze ornaments and coins, which reflects the
fact that both types of manufacturing required the same fuel supplies and
used similar techniques for making casting molds. No other types of craft
production (e.g., ceramic vessel making, textile making, and bone pro-
duction) were identified. This ironworks was intensively excavated within
an area totalling about 8000 m2 (Fig. 4), and all zooarchaeological results
were systematically published both in the full site report (Luo et al., 2006)
and an online database5.

Fig. 4. Layout of features excavated at the Zhonghang ironworks (After Henan,
2006: 727, Fig. 491).

5 The database can be downloaded from http://www.archaeology.net.cn/
html/cn/xueshuziliao/kaogushujuku/dongwukaoguziliaoku/2013/1025/
31728.html
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Given the large numbers of casting molds identified at Taicheng and
Zhonghang, both ironworks were clearly engaged in the manufacture of
agricultural tools. Nonetheless, beyond their relative size, these two
sites differ from one another in several other ways. First, tombs and
kilns or furnaces were identified in the center of the Warring States
period Zhonghang ironworks. One contemporary cemetery situated
inside the ironworks included at least 80 tombs (Fig. 4) of individuals
who might have been workers or people dwelling near the site. Second,
the Zhonghang site cast a wide range of goods including agricultural
tools, iron bars (a kind of semi-product), and even bronze ornaments
and coins were all produced. Third, the Zhonghang site is adjacent to
high-status palaces within the capital. Its location and proximity to
buildings that are indicative of governmental control suggest that they
were most likely to be attached to the state (c.f., Fargher, 2009). In
contrast, Taicheng was a small production center located in a lower-
ranked administrative town. Neither evidence of coin minting nor other
types of craft production has been found there. Also, no cemeteries or
other production facility were identified through augering. In spite of
these differences, these two broadly contemporary ironworks both
concentrated on manufacturing similar types of products using iron
casting technology, and thus provide comparable datasets that can
enhance our understanding of the daily lives and social connections of
iron manufacturing communities.

Before explaining the faunal records in detail, the data collection
method used in the field and post-excavation analytical methodology
will first be introduced. The fill from each pit was screened using a
1.5×1.5 cm mesh in order to systematically collect remains during the
excavation. Only specimens seen with the naked eye were collected. In
addition, soil samples were taken for flotation as a means of under-
standing the extent to which small bones and bone fragments were
underestimated by other methods. In the analysis below we convert the
data from NISP (number of individual specimens) to MNE (minimum
number of skeletal elements) format and use the recovery rate to study
the percentage of different body parts represented. In this study, MNE
refers to the minimum number of skeletal elements necessary to ac-
count for an assemblage of specimens of a particular skeletal element or
part thereof (for definition see Landon, 1996; Legge and Rowley-
Conwy, 1991; Lyman, 2008), and was calculated based on the NISP of
each anatomical unit. Based on the MNE, the recovery rate was calcu-
lated to show the relative abundance of different anatomical units. Here
we define the recovery rate as “the percentage of the expected elements
actually recovered, given the minimum number of animals (elements)
represented in the assemblage” (Landon, 1996:47). For the Taicheng
samples, animal bones were collected during the excavation using
screening. In addition, bulk soil samples from features were also col-
lected for flotation to test whether other small mammal or fish bones
had been missed during the excavation (Shaanxi, 2018:70).

One major challenge in this study is that the total number of bones
discovered at Taicheng is quite small. As Robert Drennan has noted
(Drennan, 2009:142), working with a small sample is often problematic
as “whatever proportion we find in it may be quite different from the
proportion in the population from which it was selected.” However,
since all major features identified through systematic survey were fully
excavated during the fieldwork, the small number of bones recovered
might actually reflect the fact that meat was relatively expensive during
the Han period, and the number of bones preserved in the surviving
part of the ironworks was therefore originally quite small. Despite the
fact that very few contemporary zooarchaeology datasets from adjacent
urban centers have been published and are available for comparison
(e.g., Hu et al., 2006 from Chang’an), we would nevertheless argue that
the conclusions derived from our Taicheng data are still meaningful and
enhance our understanding of the urban food supply system in ancient
China, although the statistical significance (see definition in Drennan,
2009:152) must be reinforced through further data collection in the
future.

5. Taxonomy and types of animals consumed

The bulk of faunal remains from Taicheng used in this study came
from sixteen features, all of them garbage pits, and the number of
identified specimens was 515 (Table 4). In contrast with the textual
records, which suggest that household units might have relied on
poultry for their meat, cattle and dog were clearly the two most im-
portant species in the diet of the workforce. Pig and sheep/goat made
only a minor contribution to the workers’ diet. According to the meat
volume calculation methods proposed in previous studies (e.g., Yang,
2007), the recovered faunal assemblage might reflect a maximal meat
consumption of just 7.8 kg annually6, which is not very much for a
labor-intensive community. Other species identified include horse,
chicken, deer, and fish. It is noteworthy that horses and cattle in the
Han period were the most valuable species of livestock. Bamboo slips
mention that when a horse or cow belonging to the government died,
the local official had to immediately sell every part of the carcass (e.g.,
meat, hide, and horn) and collect the cash from its sale7. It is possible,
therefore, that horse and cattle bones found on site, rather than re-
flecting the animals’ rearing primarily for meat, might originally have
been government-owned livestock sold to the meat market when they
were old or had died. Fish and deer bones account for less than 4% of
identifiable specimens, and resources obtained through hunting or
fishing appear to have played only a limited role in subsistence.

Even though small bone remains (e.g., bird and fish) were collected
primarily through flotation, their number is very low (Table 4). As is
typical of many zooarchaeological studies, the majoity of small bone
fragments, whether hand collected or from flotation, were unidentifi-
able to either species or element. Overall, about 90% of identifiable
faunal remains associated with the ironworks belong to the major
species of domestic mammals mentioned above. Bone fragments uni-
dentifiable to species were classified according to size categories, but

Table 4
Taxonomic representation at the Taicheng ironworks

NISP Weight

Classification Common Name Count % G

Bos taurus Cattle 97 18.8 7803.1
Sus scrofa Pig 49 9.5 872.4
Ovis aries/Capra hicus Sheep/goat 37 7.2 686.8
Canis sp. Dog 73 14.2 769.0
Equus caballus Horse 19 3.7 1717.1
Odocoileus virginianus Deer 3 0.6 141.3
Rodentia Rodenta 14 2.7 < 1
Unidentified fish 3 0.6 < 1
Gallus gallus Chicken 3 0.6 5.1
Anas sp. Duck 1 0.2 2.5
Unidentified birds 7 1.4 1.7
Large mammals 59 11.5 727.4
Medium mammals 120 23.3 430
Large-medium mammals 12 2.3 21.1
Small mammals 18 3.5 < 1
Total 515 100 13177.5

a Rodent that was found in the assemblage may be intrusive.

6 The MNI of cattle, pig, and dog from Taicheng, which are 4, 6, and 4 re-
spectively (Shaanxi, 2018), represent maximally 702 kg of meat could be
provided (assuming the whole body of each individual was brought to the site).
Since the ironworks might have been used maximumlly for around 80~90
years, even assuming one MNI means the whole body this assemblage indicates
that only about 7.8 kg of meat could be consumed by workers annually.

7 Shuihudi, “Statutes on Stables and Parks” (Shuihudi, 1990: 24, trans.
Hulsewe, 1985:28–29, A9); Zhangjiashan, “Statutes on Food Relations at Con-
veyance Stations” (Zhangjiashan, 2006:164-165, trans. Barbieri-Low and Yates,
2015: 682-685); Zhangjiashan, “Statutes on Finances” (Zhangjiashan 2006:191,
trans. Barbieri-Low and Yates, 2015: 925).
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mammal bones of this type from the site only represented a very small
proportion of the total assemblage.

In terms of taxa, the NISP values of all identified species at
Zhonghang are shown in Table 5. The taxonomic assemblage at Zhon-
ghang also consists of cattle, pigs, sheep/goats, dogs, and horses, and is
very similar to Taicheng. But the major difference between the taxo-
nomic assemblages from the two sites lies in the fact that pigs seem to
have played a more significant role in the workers’ diet at Zhonghang,
where the percentage of pigs (20.1%) is significantly higher than all
other species except cattle (28.4%). In addition, deer and horse bones at
Zhonghang account for 5.9% and 4.6% of the total NISP respectively,
and these values are even higher than those of sheep/goats (4%) and
dogs (3.8%). At Zhonghang, dog bones represent only 3.8% of the total
NISP in the assemblage, whereas workers at Taicheng relied heavily on
dog meat as their bones account for about 24% of the total NISP. In the
Zhonghang assemblage, there are only two specimens identified as bird
bones, which may be related to the recovery and collection method. In
spite of these variations, these two studies show that cattle was the
dominant taxon at both sites, while pigs and dogs were also important
at Zhonghang and Taicheng respectively. If the range of domesticated
mammal species at Zhonghang supports the idea that the ironworks was
not involved in animal husbandry, then the similar taxonomic assem-
blage at Taicheng similarly suggests that it is unlikely to have been an
independent household production unit.

6. Assemblages of body parts and cuts of meat

In order to better depict the acquisition pattern of different cuts of
meat at Taicheng, we first converted the MNE of the three major spe-
cies: cattle, pig, and dog, into recovery rates for their different skeletal
elements as listed in Table 6. Although the sample size is small, the
assemblages of body parts seem to reveal several patterns. For cattle
(Fig. 5), the proximal radii, proximal metacarpals, and distal meta-
tarsals all appear to be well represented in the body-part assemblage as
their recovery rates are higher than 50%. Skulls and mandibles are also
well-represented elements in the assemblage, but the examples of these
cranial parts discovered from the site are very fragmentary. Studies of
the differential survival of body parts (Binford, 1980, 1981; Lyman,
1984) show that mandibles and maxillae are usually two of the most
common surviving elements. The atlas and axis also survive destructive
forces well and have a higher percentage survival rates than any of the
other vertebrae. These two elements in the Taicheng assemblage,
however, are poorly represented (Fig. 5). Also, cattle vertebrae and ribs
are not surprisingly underrepresented because these fragments are
difficult to identify down to species level. In general, the recovery rates
of axial elements and cranial bones are relatively low, and this is un-
likely to have resulted solely from poor preservation.

Another remarkable pattern in the assemblage is that the bones of
forelimb and hindlimb extremities (e.g., phalanges, carpals, and tarsals)
also had very low recovery rates, while other less meaty lower parts of
limb bones (e.g., metatarsus and metacarpus) are generally better re-
presented. In order to evaluate potential biases caused by post-deposi-
tional processes, we also examined the recovery rates of other robust
elements that can survive destructive forces well (e.g., scapula, pelvis,
distal humerus and tibia, and proximal radius) (Binford,
1981:281–237). This revealed that in the body-part assemblage, with
the exception of the proximal radius, all other robust elements that
might be expected to survive were not well represented. Based on the
taphonomic evidence identified, butchering, cooking and carnivore
gnawing might all have impacted preservation rates. For instance,
butchery or chopping marks were common on cattle bones, while quite
a number of dog bones had been burnt. In addition, carnivore gnawing
marks were identified on some cattle bones (Table 7). Given the under-
representation of robust elements in the bone assemblage, the high
recovery rates of some elements from Taicheng were clearly not com-
pletely the result of biases in preservation; instead, market preferences
and transportation factors may both have contributed significantly to
assemblage composition.

At Taicheng, dog bones have the second largest NISP value in the
assemblage (Table 4). But unlike cattle, the most common elements in
the assemblage of dog bones are the skull (calculated based on max-
illae) and mandibles (Table 6). The high recovery rates of these ele-
ments are not surprising because they are robust and diagnostic. Be-
yond the cranial elements, femurs are also well represented with a
recovery rate of over 50%. The figures for the forelimbs are slightly
lower, and the recovery rate for distal humeri and proximal radii are
both only 33%. The small bones of the forelimb and hindlimb ex-
tremities and post-cranial axial bones are also particularly lacking in
the assemblage, indicating that dog carcasses might have been arrived
on site as butchered cuts of meat.

In the pig bone assemblage, significant differences exist in the
proportions of elements present when compared with cattle and dog
(Table 6; Fig. 6). Pig post-cranial bones are remarkably under-
represented in comparison with cranial elements. Limb and axial bones
were similarly scare in the pig assemblage. Among all limb bones, the
proximal ulna has the highest recovery rate, but its figure is just 25%.
This pattern is quite different from that of cattle and dog bones. For
these two taxa, the recovery rates of limbs bones are much higher in the
body-part assemblages. The overwhelmingly head-dominant pattern in
pig assemblages may not actually mean that other portions of carcasses
were not brought to or consumed at the site. As we will discuss in the
next section, this pattern may, in fact, be partially attributable to the
killing age of animals, as evidenced by teeth eruption data.

The patterning in body-part assemblages suggests that the con-
sumption preferences for different species varied to a certain extent. For
cattle, and pig as well, one dominant feature of the recovery pattern
was the over-representation of skulls and the less meaty parts of limbs
versus rich meaty parts of animals. This patterning indicates that
workers might rarely have consumed meaty portions like loin asso-
ciated with the axial skeleton. Such main meat-bearing elements might
have been intensively processed before deposition or were traded
elsewhere, never entering this archaeological assemblage. Also, the
underrepresentation of the small bones of the distal forelimb and hin-
dlimb in the urban assemblage indicates that processed carcasses
brought to the site were likely to have been in the form of small-sized
cuts of meat.

The body-part assemblages at Zhonghang reveal similarities in
preference between the two communities, even though some differ-
ences can also be observed. Figs. 5 and 6 show comparisons of body-
part recovery rates between the two sites. In Fig. 5, the cattle bone
assemblage is dominated by cranial elements, followed by humeri,
scapulae, and tibiae. Like Taicheng, lower limb bones such as meta-
podials were not well represented at Zhonghang. The cranial elements,

Table 5
Taxonomic representation at the Zhonghang ironworks (data from Luo et al.,
2006).

NISP

Classification Common Name Count %

Bos taurus Cattle 562 28.4
Sus scrofa Pig 398 20.1
Ovis aries/Capra hicus Sheep/goat 78 4.0
Canis sp. Dog 75 3.8
Equus caballus Horse 117 5.9
Odocoileus virginianus Deer 90 4.6
Unidentified clam 3 0.2
Unidentified birds 7 0.4
Large mammals 324 16.3
Mammals 319 16.2
Unidentified carnivores 4 0.2
Total 1977 100
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even omitting loose teeth from the calculation, appear to be more
dominant in the assemblage at Zhonghang than at Taicheng. Distal limb
bones such as the calcaneus, talus and phalanges, bones of the axial
skeleton such as axis and atlas, and humeri and femurs are all better
represented in the Zhonghang assemblage when compared with Tai-
cheng.

In the body-part assemblage of pigs (Fig. 6), it is also of interest to
note that, like cattle, the skull and mandible are similarly the most
dominant elements. In addition, appendicular bones, including limb
bones, are significantly underrepresented at both sites. Although meaty
elements, such as humeri and femurs, were more frequently identified
in the Zhonghang assemblage with recovery rate of about 20%, the
lower limb bones, such as metapodials and phalanges, are significantly
underrepresented. Both cases demonstrate a prominent discrepancy
between cranial and post-cranial elements, which indicates that neither
Taicheng nor Zhonghang were places where butchering or food pro-
cessing took place.

7. Age profiles and kill-off pattern

The estimation of slaughtering ages of animals can help reveal as-
sociated livestock exploitation strategies and meat production systems.
Age profiles can also help evaluate the skewing effects of post-deposi-
tional destructive forces on faunal assemblages, as the bones of young
animals generally do not survive as well as those of adult of the same
species (Landon, 1997). The age profile data and possible taphonomic
effects must therefore be considered together in order to build stronger
arguments regarding the animal husbandry at Taicheng.

Slaughtering ages are calculated based on epiphyseal fusion and the
degree of tooth wear (e.g., Grant, 1982; Silver, 1969; Zeder et al.,
2015). However, the tooth-wear data available for cattle in this case
study are insufficient to draw any reliable conclusions. We therefore
only examine the epiphyseal fusion data in order to reconstruct the age-
at-death of cattle. In contrast, the slaughtering ages of pigs were esti-
mated based on the degree of tooth wear and eruption because too few
limb bones survived. In Table 8 and Fig. 7, we list the epiphyseal fusion

Table 6
Minimum numbers of elements and recovery rates for cattle, dogs and pigs at the Taicheng ironworks.

Cattle Dog Pigs

%Recovery rate MNE %Recovery rate MNE %Recovery rate MNE

Skull (Frontal) 44.44 2 Skull (Maxilla) 100.00 6 Skull (Maxilla) 75.00 3
Mandible 33.33 3 Mandible 58.33 7 Mandible 100.00 8
Axial 22.22 1 Axial 16.67 1 Axial 0.00 0
Atlas 0.00 0 Atlas 0.00 0 Atlas 0.00 0
Cervical 3.17 1 Cervical 4.76 2 Cervical 0.00 0
Thoracic 0.00 0 Thoracic 1.28 1 Thoracic 0.00 0
Lumbar 0.00 0 Lumbar 2.78 1 Lumbar 0.00 0
Sacrum 44.44 2 Sacrum 16.67 1 Sacrum 25.00 1
Scapula 22.22 2 Scapula 8.33 1 Scapula 12.50 1
Proximal humerus 0.00 0 Proximal humerus 16.67 2 Proximal humerus 0.00 0
Distal humerus 33.33 3 Distal humerus 33.33 4 Distal humerus 12.50 1
Proximal radius 100.00 9 Proximal radius 33.33 4 Proximal radius 0.00 0
Distal radius 44.44 4 Distal radius 33.33 4 Distal radius 0.00 0
Proximal ulna 33.33 3 Proximal Ulna 33.33 4 Proximal Ulna 25.00 2
Distal ulna 22.22 2 Distal Ulna 25.00 3 Distal Ulna 0.00 0
Carpal 9.26 5 Carpal 16.67 0 Carpal 0.00 0
Pelvis 33.33 3 Pelvis 41.67 5 Pelvis 37.50 3
Proximal femur 11.11 1 Proximal femur 50.00 6 Proximal femur 0.00 0
Distal femur 11.11 1 Distal Femur 58.33 7 Distal Femur 0.00 0
Proximal tibia 0.00 0 Proximal tibia 16.67 2 Proximal tibia 0.00 0
Distal tibia 22.22 2 Distal tibia 33.33 4 Distal tibia 0.00 0
Calcaneus 22.22 2 Calcaneus 0.00 0 Calcaneus 0.00 0
Astragalus 0.00 0 Astragalus 16.67 0 Astragalus 0.00 0
Tarsal 11.11 1 Tarsal 0.00 2 Tarsal 0.00 0
Proximal metatarsus 44.44 4 Metatarsus 3.33 5 Metatarsus 0.00 0
Distal metatarsus 55.56 5 Metacarpus 8.33 1 Metacarpus 0.00 0
Proximal metacarpus 66.67 6 Metapodials 1.67 2 Metapodials 1.25 1
Distal metacarpus 33.33 3 1st phalange 0.00 0 1st phalange 0.00 0
Metapodials 11.11 2 2nd phalange 0.00 0 2nd phalange 0.42 1
1st phalange 11.11 4 3rd phalange 0.83 1 3rd phalange 0.00 0
2nd phalange 5.56 2
3rd phalange 5.56 2

Fig. 5. Recovery rates of cattle elements from Zhonghang and Taicheng.
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data for different elements in order to calculate the “survivorship
score”8, or “the proportion of specimens that survived beyond the age at
which an element fused” (Zeder et al., 2015), for cattle and dogs at
Taicheng. We also list the counts of teeth by mandible reflecting dif-
ferent stages of tooth eruption and degree of wear in Fig. 8. According
to the epiphyseal fusion and survivorship score, most cattle consumed
at Taicheng were relatively old animals, such that 60% of animals in the
assemblage had survived beyond the age class E (estimated epiphyseal
fusion at between 42 and 48 months) when killed (Fig. 7). Also, at least
8 cases of pathology were found on cattle bones in the Taicheng as-
semblage (Shaanxi, 2018). These cases were all related to arthropathy,
probably resulting from long-term traction work such as plowing and
pulling. The majority of beef consumed by workers at Taicheng seems
to have been from old or worn-out animals, whose meat was tough and
considered undesirable (Bowen, 1998). These animals might have been
raised primarily for traction (plowing) or as draft animals, rather than
for specialized meat production. One source of such aged cattle was
probably this type of government-owned livestock mentioned in ex-
cavated texts, as we introduced above, which at the end of their lives
were disposed of through the market system.

When compared with cattle, the slaughtering ages of pigs and dogs
present a distinctively different pattern at Taicheng. In Fig. 7, the
counterintuitive increased survival rate of dogs from a younger (age
class A) group (75%) to an older (age class B) group (about 90%) is
most likely a result caused by stochastic variation due to low sample
numbers. However, the survivorship score of age class C, which is much
lower than either classes A or B at about 40%, suggest that most dogs
consumed were juveniles or young adults. Similarly, in Fig. 8A, about
70% of pigs fall within the slaughtering age range of 12 and 24 months
old based on tooth eruption data. In particular, the pig data witness a
peak at stage III, corresponding to 9–14 months old. No data indicate
that any pig was killed older than 3 years of age. To maximize meat

production, the best slaughtering age for pigs not raised by modern
industrial husbandry would fall within the range of 1.5 and 2 years old
(Li, 2011). It seems very likely that these pigs and dogs were raised
primarily for the production of meat. Overall, the slaughtering ages
indicate that these livestock might have come from two different pro-
duction systems: cattle perhaps being raised as traction or draft ani-
mals, whereas pigs and dogs were probably raised to maximize meat
production and were primairly killed before becoming adults.

Even though the Zhonghang site yielded insufficient dog bones to
calculate the kill-off profile of that species, the age profiles of cattle and
pigs parallel those at Taicheng (Table 9). The Zhonghang cattle bone
data show that a remarkably high proportion of cattle were killed at a
relatively old age. According to the epiphyseal fusion data from limb
bones, the survivorship rate of age class E is close to 80%. As the ma-
jority of animals represented by the assemblage survived beyond the
age of 42~48 months when killed, cattle husbandry was evidently not
aimed at specialized meat production. The majority of cattle consumed
at both Zhonghang and Taicheng was probably raised as draft or trac-
tion animals and killed when old or they died of natural causes.

Comparison of the tooth wear and epiphyseal fusion data generates
a somewhat confusing image of the slaughtering ages of pigs at
Zhonghang (Table 9; Fig. 8B). According to the degree of tooth wear
and eruption, the prime slaughtering age of pigs at Zhonghang was
between 18 and 24 months, and there is no evidence to suggest that any
of the pigs slaughtered had reached 3 years old. But the epiphyseal
fusion data seems to present a contrasting picture for the slaughtering
age of pigs. The survivorship scores of age classes H and I are 20% and
31% respectively, while the minor increase can be attributable to the
small sample number in class H. Although there seems to be a big drop
from class F to class H and I, the survivorship scores of class I suggest
that about 30% of pigs survived beyond 48 months when slaughtered.
This discrepancy might be the result of destructive taphonomic pro-
cesses, which resulted in the underrepresentation of juvenile pigs. An-
other possibility is that the age estimation formula based on the degree
of tooth wear does not correspond well with the actual data. Perhaps
given differences in food or living environment, the wear rate of pig

Table 7
Frequency of taphonomic features and butchery marks for major taxa at the Taicheng ironworks.

Cattle Pig Dog Caprine Horse

Taphonomy/modification NISP NISP NISP NISP NISP

Count % Count % Count % Count % Count %
Weatheringa 11 11.3 4 8.2 1 1.2 3 8.1 2 10.5
Burningb 7 7.2 4 8.2 26 35.6 3 8.1 1 5.3
Carnivore gnawed 18 18.6 3 6.1 1 1.2 1 2.7 2 10.5
Rodent gnawed 1 1.0 0 0.0 0 0.0 0 0.0 1 5.3
Butcheredc 23 23.7 4 8.2 8 10.1 1 2.7 3 15.7

Note:
a For criteria see (Behrensmeyer, 1978).
b For criteria see (Buikstra and Swegle, 1989).
c For criteria see (Lyman, 2005; Shipman and Rose, 1983).

Fig. 6. Recovery rates of pig elements from Zhonghang and Taicheng.

8 This formula proposed by Zeder et al., 2015 is computed by ((g * 0.5)+ f)/
(g+ f+ u)) * 100. (g=fusing, f=early and late fused; u=unfused).
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teeth during Warring States China was slightly lower than that pre-
dicted by the standards we adopted here (Li, 2011; Ma, 2008), which
could lead to an underestimation of slaughtering ages of archaeological
specimens. The existence of animals slaughtered relatively late in life
indicates that, while the majority of pigs were killed to maximize meat
production, a self-sustaining system that usually resulted in a pig being
killed only when there was a need, might also have partially con-
tributed to the subsistence system.

In general, the kill-off profiles of pigs and cattle reflected by the
assemblages suggest that these two sites relied to a certain extent on a
specialized meat supply system. Based on the kill-off profiles, the sys-
tems that provided pigs for Zhonghang and Taicheng both butchered
the livestock before they reached adulthood. In addition, those in
charge of meat supplies at these two sites appear to have procured only
certain parts of carcasses. Meanwhile, the workforce at both sites
consumed beef from old cattle that could have first been used for other

Table 8
Epiphyseal fusion of cattle and dogs from the Taicheng ironworks.

Cattle (count) Dogs (count)

Age of fusion Body part u e f Age of fusion Body part u e f

0–12 months Scapula 2 6 months Pelvis 3
Acetabulum 3 6–7 months Scapula 1

12–18 months Humerus (distal) 1 2 7 months Phalanx (proximal second)
Radius (proximal) 6 8 months Metacarpal (distal) 3

18–24 months Phalanx (distal first) 4 8–9 months Humerus (distal) 3
Phalanx (distal second) 2 9–10 months Ulna olecranon 2 2

24–42 months Metacarpal (distal) 1 4 10 months Metatarsal (distal) 1
Tibia (distal) 2 11–12 months Ulna (distal) 3
Metatarsal (distal) 5 Radius (proximal) 3
Calcaneum 2 Radius (distal) 4

42–48 months Femur (proximal) 13–16 months Tibia (distal) 2 2
Humerus (proximal) Calcaneus
Radius (distal) 3 15 months Humerus (proximal) 2
Ulna 1 Fibula (distal) 1
Femur (distal) 1 15–18 months Fibula (proximal)
Tibia (proximal) 1.5 years Femur (proximal) 3 1

Femur (distal) 4 1
Tibia (proximal) 1 2

Total 4 0 35 Total 13 2 29

Note:
u: unfused; e: epiphyseal lines; f: fused. The age of fusion is following Silver, 1969.

Fig. 7. Kill-off patterns of cattle (A) and dogs (B) based on epiphyseal fusion at Taicheng (mos=months) (Age stages and grouping of cattle bones fusing are following
Brunson et al., 2016; Silver, 1969; age stages and fusing of dog bones are following Silver, 1969).

Fig. 8. Eruption and wear stage of teeth in pig tooth-rows and loose teeth (mandible) at Taicheng (A) and Zhonghang (B). Mos=months. The estimated age of each
stage is based on Grant, 1982 and adjusted based on the Bronze Age pig assemblages at Yinxu by Li, 2011.
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purposes, e.g., wagon pulling, before they eventually became the
workers’ supper. The only difference between the two examples lies in
the fact that more pigs at Zhonghang might have survived to a greater
age when killed. Therefore, the kill-off patterns and the body-part as-
semblages at both sites indicate that the majority of livestock con-
sumed, including cattle, pigs and perhaps even dogs, were probably
processed or butchered by other specialists. These patterns also suggest
that the livestock consumed were unlikely to have been raised in the
backyard of domestic dwellings by the iron workers themselves.
However, at this stage it is not possible to determine whether the
workers procured their meat through the market, directly from other
specialists, or via the state supply network.

8. Discussion

In this article, we have argued that the study of faunal data could
serve as an important line of evidence for the discussions concerning
the “economic embeddedness” of the workforce in iron production
during the Qin-Han period. One of the key text-based ideas we aimed to
test was that small-scale ironworks such as Taicheng were probably
independent household production units and would have provided their
own supplies of meat—most likely from poultry and pigs—that could be
raised in the yards behind workers’ dwellings. In theory, the large-scale
capital center ironworks at Zhonghang should have produced a con-
trasting picture of government-controlled meat supply via external
specialists and the market.

Given the above expectation, it was somewhat surprising to find
that the sites had a similar range of domesticated animal taxa, including
in both cases significant components of cattle, pig, dog, horse, and
sheep/goat bones, albeit in different proportions (see Tables 4 and 5).
Interestingly, poultry was relatively rare in the assemblage of faunal
remains at both Zhonghang and Taicheng. The taxonomic assemblage
at Taicheng also shows that workers relied heavily on domestic animals

for their meat, while wild resources (e.g., deer) were barely exploited.
The limited exploitation of poultry and pigs at Taicheng appears to
contradict the text-based conventional wisdom that sees such sites as
self-sufficient household production units.

Beyond the taxonomic assemblage data suggesting that neither site
was supported by a self-sustaining system, the comparison of elements
and age profiles also indicates that both ironworks relied heavily upon
an external supply system. The animal bone assemblages show that
butchery activities were almost absent on site, and the range of ele-
ments present suggest that meat was procured through external spe-
cialists. The age profiles illustrate that the majority of livestock were
raised to a specific age range for killing in order to optimize the utili-
zation of the animals, either primarily for meat production, or following
a life of traction or draft work. All these lines of evidence strongly
support the idea that the meat resources identified were probably
supplied via a specialized system of animal husbandry and well-man-
aged meat production.

The clarification of the degree of economic embeddedness enjoyed
by ironworks helps to elucidate the connections and interactions of
workers with their social settings. It is perhaps unsurprising to find that
the Zhonghang faunal remains match the pattern expected of an urban
food supply chain. But it is more significant and interesting to find that
the patterning of faunal records from Taicheng—which at best was a
medium-ranked county center—are similar to Zhonghang in terms of
the dominance of beef, body-part representation, and kill-off patterns
for major taxa. When all these lines of evidence are viewed together, a
strong degree of economic embeddedness and integration within a
specialized meat supply system is indicated. If we view Zhonghang as a
potentially state-controlled ironworks situated in an urban center and
specialized in production—i.e., a workshop that relied mostly upon the
state for its provisioning or the market to obtain meat produced by
others, then, according to the evidence from faunal remains, Taicheng
should be categorized as a workshop employing full-time specialized
labor either in an independent nucleated or attached retainer workshop
manner. Although family household workshops could also rely on the
market-oriented food chain to a certain extent, the high degree of re-
liance on a specialized food provisioning system at Taicheng, added to
the lack of other evidence for craftworking or self-sufficient meat
prodcution, suggests that Taicheng was unlikely to be operated by part-
time specialists in household production units.

The deep reliance on an external meat supply system at Taicheng
appears to challenge the over-simplistic text-based model that equates
“small-scale” ironworks with a household-level of production center,
thus indicating that the iron industry in the capital region had a more
complicated organization. Having said that, within the constraints of
the current evidence, it is difficult to determine the extent to which the
state played a managerial role in Taicheng’s operation and, by exten-
sion, the type of deep economic embeddedness the site represents.
Nevertheless, our comparative study encourages us to reflect upon and
consider the broader social setting within which full-time specialized
ironworking communities like Taicheng were able to operate, procure
raw materials, manufacture to meet the intensive demand for their
small range of final products, distribute them efficiently in order to
satisfy the needs of their customers, and receive regular supplies of
meat and other foodstuffs in return. In future research into Taicheng,
and similar sites, more fine-grained analyses will be needed to address
some unresolved questions concerning craft specialization (Costin,
2005:1064–1065); such as how workers were compensated and by
whom, and who controlled the production and distribution processes.

As mentioned in the introduction, ironworks relied on workers
specialized in different craftworking procedures, and the labor system
therefore had to allow sufficient mobility of skilled labor, while also
coordinating the flow of information regarding the supply and demand,
even in small or medium ranked settlements. Given the dietary simi-
larities at Taicheng and Zhonghang, one cannot rule out the possibility
that some highly-skilled workers there might have been retainers who

Table 9
Zhonghang epiphyseal fusion age score by age class (data from Luo et al.,
2006).

Class Age range Unfused Fusing Fused Total Survivorship
score%

Cattle A 0–12 mos 21 21 100.0
B 12–18 mos 1 32 33 97.0
C 18–24 mos 24 24 100.0
D 24–42 mos 3 2 37 42 90.0
E 42–48 mos 8 4 36 48 78.3

Total 12 6 150 168
Dogs A 6–7 mos 3 3 100.0

B 8–12 mos 1 21 22 97.3
C 13–18 mos 10 10 20 50.0

Total 10 1 34 45
Pigs D 7–8 mos 1 20 21 95.2

E 8–18 mos 4 15 19 79.0
F 18–24 mos 5 1 12 18 68.9
H 36–48 mos 4 1 5 20.0
I 48–60 mos 40 2 18 60 31.3

Total 54 3 66 123

Note:
Cattle: class A: Scapula, Acetabulum; class B: Humerus-D, Radius-P; class C: 1st

phalanx, 2nd phalanx; class D: MC-D, Tibia-D, MT-D, Calceneum; class E: Femur-
P, Humerus-P, Radius-D, Ulna-P, Femur-D, Tibia-P (Age stages and grouping of
bones fusing are following Brunson et al., 2016; Silver, 1969).
Dogs: class A: Pelvis, Scapula, 2nd phalanx; class B: MC-D, Humerus-D, Ulna-P,
MT-D, Ulna-D, Radius-P&D; class C: Tibia-P&D, Calcaneus, Humerus-P, Fibula-P
&D, Femur-P&D (Age stages and bones fusing are following Silver, 1969).
Pigs: class C: Axis, Atlas; class D: Pelivs, Scapula, Radius-P; class E: 2nd Phalanx,
Humerus-D; class F: 1sts Phalanx, Tibia-D; class G: MC-D, MT-D, Fibula-D; class
H: Calcaneum-D, Femur-P; class I: Radius-D, Ulna-P, Femur-D, Tibia-P, Ulna-D,
Fibula-P, Humerus-P; class K: Radius&Ulna (Age stages and grouping of bones
fusing are following Zeder et al., 2015).
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were partially supported by the state. If this was the case, then
Taicheng’s operation might have involved some degree of centralized
administrative control and, by extension, some convict/corvée labor,
since labor of these types were also used in state-controled production.
Whether the Taicheng ironworks was independently run or state-
owned, its full-time manner of intensified production of limited types of
goods and its deep reliance on a specialized food supply system together
provide new information concerning the rise of the iron industry during
the Han period.

9. Conclusion

This article employed the concept of economic embeddedness and
examined faunal remains together with other lines of evidence as a
novel means of evaluating the potential social connections between
Taichang ironworks and its neighboring communities. We have high-
lighted several evidential lines of evidence, including the heavy re-
liance on other specialists for food supplies and the lack of multiple type
of craft production on site, which together lead us to propose that
Taicheng, like Zhonghang, was a production center employing ex-
ternally provisioned, full-time specialists or artisans. Due to the in-
herent limitations of the available evidence, the Taicheng ironworks
cannot unequivocally be identified as either an independent, nucleated
workshop or an attached retainer workshop; but, given the economic
embeddedness demonstrated, this seemingly small-scale workshop was
unlikely to be an independent household production unit suggested by
previous text-based models. As Taicheng ironworks must have been
interconnected within the overall economic system of the political core
region, this study provides reasonable foundations for further specula-
tion regarding the nature of the market integration, transportation, and
channels of exchange that allowed the movement of food and craft
products of the kinds excavated at the medium county-level settlements
such as Taicheng.

If these small-scale sites represent an example of deep economic
embeddedness, then future archaeological research on the Han period
has to work on economic connections in a broader context. For in-
stance, we need to consider how the market system operating in the
political core region enabled workers involved in the craft manu-
facturing of such a limited range of items to become so deeply em-
bedded within the external food supply system. Moreover, it is im-
portant to investigate whether other, non-ironworking, communities
also participated in the same specialized meat market network. These
questions needed to be addressed through more comprehensive studies
of faunal remains from various site types, including small-scale iron-
works, other types of craft production centers, and non-industrial re-
sidential areas in urban centers within the Guanzhong Basin. Although
further comparative studies will be required in future, we hope this case
study has demonstrated that zooarchaeological evidence for past meat
consumption offers a fruitful means of providing fuller and better de-
pictions of industrial workers’ social relations in China’s Qin-Han, and
other, periods. Finally, we hope that this research will encourage fur-
ther studies aimed at elucidating the economic foundations of the Han
Empire from the perspective of craft specialization.
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