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1. Introduction
1.1 Decorations of Han Mirrors

The history of the bronze mirror industry in China has covered an
astonishingly long period, from the Qijia culture (c. 4000 BP) to the
Qing dynasty (1636 — 1912 AD). The production of bronze mirrors
reached its peak during the Han Dynasty (202 BC — 220 AD) (Kong et
al. 1984), with an impressive number of mirrors unearthed from all over
the imperial territory. Han mirrors are well-known for their
kaleidoscopic and meaningful decorations. As summarized in Kong et

al. (1984), at least 15 types of mirrors became widely distributed, and



each type contains several sub-types. Therefore, mirrors make a
significant contribution to chronological studies and play an important
role in the Han archaeology in China. The initial decoration of the
Western Han (WH: 206 BC — 8 AD) mirrors was inherited from the
Warring States (dates), and the new style did not emerge until the Mid
WH, especially in the reign of the Emperor Wu (141 - 87 BC). The
reign of Xinmang (9 — 24 AD) saw another great transition, which was
usually considered as a transitional period from the WH style to the
Eastern Han (EH, 25 — 220 AD) style. After the Mid EH, the distinction
between northern and southern China became increasingly sharp: fresh
new types, such as Shenshou 15 mirrors and Huaxiang % mirrors,
widely prevailed in the Yangtze river basin but are rarely found in the
north, while old mirror types still dominated in northern China (Kong et
al. 1984). When moving into the Post Han period (PH, including the
Three Kingdoms and Six Dynasties, 220 — 589 AD), the mirror industry
witnessed the beginning of a recession because of the constant warfare
and economic decline. Its gross production decreased dramatically and

almost no innovation was found (Kong et al. 1984).

1.2 Mirror Production Centres
The provenance of Han mirrors is still open to debate. Based on

studies of ancient literature, archaeological excavations and mirror



inscriptions, mirror fabrication could have been concentrated in the
following regions: in northern China, Xi’an City in Shaanxi Province
(WH), Zibo City in Shandong Province (WH) and Luoyang City in
Henan Province (EH); in southern China, Ezhou City in Hubei Province
(EH and PH), Shaoxing City in Zhejiang Province (EH and PH),
Guanghan and Chengdu City in Sichuan Province (EH), and southern

Anhui Province (Kong et al. 1984; He, 1992; Cheng et al. 2002).

However, mirror moulds and production sites have rarely been
discovered, except in Zibo city, Shandong Province. Moreover, the
typological homogeneity of mirrors across multiple sites makes it even
more difficult to identify the origin, except for Shenshou and Huaxiang
mirrors which prevailed in the Yangtze River Basin (Wang 1981; Kong
et al. 1984). In other parts of the world, lead isotope analysis has been
able to characterize ancient metals and explore their provenance(e.g.,
Gale et al. 2000). One objective in this paper is to attempt to separate

mirrors produced in various centres by means of lead isotope ratios.

1.3 Elemental and lead isotopic studies on Han mirrors
A large number of Han mirrors have been analyzed by both Chinese
and foreign scholars (Kondo 1918; Komatsu et al. 1933, 1937; He 1992;

Scott 2012). Almost all of them have found that the material used to



cast Han mirrors is a specific kind of high-tin leaded bronze, with a very
narrow range of compositions, of approximately 70% Cu, 25% Sn and 5%
Pb. But questions of when and how this recipe was developed are rarely
discussed in the existing literature.

Japanese scholars have measured the lead isotope ratios of Han
mirrors recovered in Japan (Yamasaki et al. 1979; Mabuchi et al. 1985;
Mabuchi 2011). This shows that WH mirrors were clearly different
from EH and PH ones in terms of lead isotopic ratios, which is
indicative of a possibility that the lead source for the mirror-making
industry could have been changed in the transitional period between
WH to EH (Mabuchi et al. 1985; Mabuchi 2011). However, little work
has been carried out on mirrors recovered in China. Therefore, it
remains virtually unknown whether Chinese Han mirrors show the same
chronological change in isotopic values and hence tell the same
archaeological story.

Apart from Japan, Han mirrors were distributed widely outside the
Han imperial territory, with examples unearthed in Yunnan Province,
China, central Asia (mostly in the Fergana Basin and Afghanistan),
southeastern Europe, Mongolia and Siberia, the Korean peninsula, and
so on (Li 1993, 1997; Bai 2005, 2010; Liu et al. 2010; Torbat 2011;
Tumkwun et al. 2012). Typological features among these mirrors indicate

that they might not be locally produced, but were more likely imported



from Han China through some communication with the Han Empire.
There is nevertheless a large gap in our knowledge concerning from
which part of China they derived and how these mirrors were
transmitted abroad. Lead isotopic research on objects recovered from
different countries may therefore contribute to further addressing these
Issues.

As the lead isotopic database of Han mirrors unearthed in China is
almost empty, a series of mirrors found in the Xi’an area (Figure 1),
which was the capital of the Western Han and Xinmang Dynasties, have

been selected as the beginning of this systematic isotopic research.

2. Materials and methods
2.1 Materials, chronology and sampling

Thirty-four mirrors (Figure 2), dated from the Western Han to the
Jin Dynasty (date), were selected from the Shaanxi History Museum
(SHM). Seven samples (ZY-XA007, ZY-XA012, ZY-XAO013,
ZY-XA016, ZY-XA023, ZY-XA026, ZY-XA033) were excavated in
Xi’an city, while the others are of less certain provenance, but most
probably from the vicinity of Xi’an. Combining the typochronological
framework in both the old and new literature (Kong et al. 1984; Cheng
et al. 2002; Liu et al. 2010) enables us to set up a reasonable

understanding of the time period for the samples reported in this paper.



Detailed information about each object is provided in Table 1. For the
fragmentary objects, 15 in total, the metal body was available for
sampling by taking ca. 10 mm? pieces. For the remaining 19 intact
mirrors, only the corrosion from the surface was taken for LIA, which is
believed to produce as the same results as the object itself (Snoek et al.

1999).

2.2 Elemental analyses

Chemical compositional analysis has been performed by XRF and
SEM-EDS. In order to identify the alloy type, before sampling, all
artifacts have been analyzed qualitatively at the SHM, using an Orbis
XRF, produced by EDAX Corporation. For the 15 mirror body samples
taken from the fragmentary mirrors, the metal samples were mounted,
ground, and polished according to standard metallographic procedures.
Quantitative analyses were conducted on the polished and un-etched
sections using a JSM-5910 SEM of JEOL Ltd and EDS from Oxford
Instruments with INCA software, in the Research Laboratory for
Archaeology and the History of Art, University of Oxford. Results of
SEM-EDS analyses are shown in Table 2. The precision and accuracy

of SEM-EDS can be found in Liu (forthcoming).

2.3 Metallographic study



An Axio Observer Inverted Microscope from the Carl Zeiss Company
was used to visualize the metallographic structures of the samples, after
etching with a ferric chloride alcohol solution, in the Archaeometry Lab,

University of Science and Technology of China, Hefei.

2.4 Lead isotope analyses

Lead isotopes were measured using a Neptune Plus MC-ICP-MS in the
School of Earth and Space Science, University of Science and
Technology of China, Hefei. About 50mg of each sample was dissolved
In a nitric acid solution after washing and drying. Lead was separated
electrochemically by deposition on a platinum electrode under weak
nitric acid conditions. The lead on the platinum electrode was dissolved
using a few drops of 2% nitric acid in a polyethylene bottle. The purified
lead solution was measured by ICP-MS and diluted to 200 ppb for
MC-ICP-MS analyses. A 200 ppb Pb NBS-981 standard solution was
measured repeatedly to correct for mass fractionation during isotope
measurement. The 2o standard errors for Pb isotope ratios were better
than £0.001 based on duplicated measurements of standards and samples.

Analytical results are shown in Table 3.

3 Results and Discussion



3.1Chemical compositions and alloying techniques

Qualitative analysis by XRF shows that all 34 mirrors are a ternary
alloy of copper, tin and lead. Except for sample ZY-XAO035 which is
completely corroded, the chemical compositions of the other 14 metal
samples analyzed by SEM-EDS vary within a narrow range: copper
from 67.96% to 70.5%, tin from 23.74% to 26.69%, and lead from 2.69%
t0 4.27%.

From the Warring States to the Five Dynasties (5" century BC to 10"
century AD), the material used for mirror casting was mainly high-tin
leaded bronze (He 1992). In accordance with the published data from
188 pre-Han and Han mirrors (Kondo 1918; Liang 1925; Komatsu et al.
1933, 1937; Swallow 1937; Liang et al. 1950; The Provincial Museum
of Hunan 1959; Riederer 1976; Tian 1980; The CPAM of Guangzhou
and the Municipal Museum of Guangzhou 1981; He 1992; Chen et al.
2001; Cui et al. 2007, 2008; Sun et al. 1992, 2011; Scott 2012), the
proportion of each element varies at different times. Figure 3 shows the
concentrations of Cu, Sn and Pb in mirrors from the Warring States
through the Six Dynasties (5" century BC to 6™ century AD). Most data
of Mid and Late Western Han (MLWH), Xinmang and Eastern Han (X,
EH), and Six Dynasties (SD) mirrors concentrate in the ellipse, which is
around the value of “typical recipe” for mirrors (Cu 70%, Sn 25%, Pb%

5%). However, a substantial part of the data from the Warring States



and Qin Dynasties (WS, Q) and Early Western Han (EWH) mirrors
locate outside the ellipse; moreover, Warring States and Qin Dynasties
data are much more scattered than that of Early Western Han, showing
that the alloying techniques of the pre-Han period is much more
variable than that after Mid WH. This suggests that the typical formula
for Han mirrors was developed in the Mid WH at the latest, and
remained extremely stable afterwards. Therefore, it might be reasonable
to say that the Early western Han could be the transitional period for
alloying techniques, but this assumption is restricted by the limited data
on Early Western Han samples.

After thousands years of bronze production practice, ancient
craftsmen had mastered advanced skills. Kaogongji. Liugi ~ 7%, as a
summary of Dbronzemaking experience in the Warring States,
demonstrates that the different proportions of copper and tin used in
making different items was noticed in the pre-Qin bronze industry ( Su,
1998). Although the virtual components of the mirrors are different
those recorded in Liuqi, the stability of the chemical compositions
indicates that the fabrication of mirrors did follow a general rule,
probably because of the optical requirements. With the development of
social economy in Mid WH, bronze mirrors became a daily commodity

(Kong et al. 1984). Standardization of mass production could have



helped to enhance the efficiency and meet the growing demand for

mirrors.

3.2 The microstructure of mirrors

Microstructural investigation shows that the 15 samples in this paper
are all typical high-tin leaded bronze, which has a structure distinct
from the dendritic structure of normal low tin bronze. As shown in
Figure 4, the metallographic structure is a + (a + &) or 6+ (a + 9d)
eutectoid phase, with insoluble tiny lead globules dispersed throughout
the matrix.

Over the past decades, there has been an extensive debate on
whether Chinese mirrors were subjected to quenching (He 1986, 1992;
Sun et al. 1992; Scott 2012). It is worth noting that the contemporary
Roman high-tin bronze mirrors typically contains 20-25% tin and 5-12%
lead (Scott 1991). The similarity of these formulae suggests the
possibility that the recipe for high-tin bronze for mirrors could have
been transmitted to Rome via contact with the Chinese (Craddock 1975).
The microstructure of the samples in this paper is almost the same as the
Roman cast mirrors (Meeks 1993) and one cast Frankish buckle, which
contains 24% tin (Meeks 1986). It is also similar to modern high-tin

cast bronze (Scott 1991; DolTPoMS, online), but is distinct from the



microstructure of quenched high-tin mirrors (Scott 1991, 2012),

indicating that quenching was not necessarily carried out.

3.3 Lead isotope studies
3.3.1 Lead isotopic composition characteristics

As all samples are leaded bronzes, the lead isotopic ratio (LIR) of
mirrors is more likely to indicate the lead ore source, with little
contribution from the copper source (Tian et al. 2010). The lead isotopic
ratios of the 34 samples measured here range from 17.662 to 18.368
for 205Pp/2%4ph, 15.528 to 15.698 for 2°7Ph/2%4Ph, and 38.243 to 38.810 for
208ph/204ph, demonstrating that the ores used are common lead rather than
highly radiogenic lead, which is commonly found in Shang bronzes in
China (Jin 2008; Tian et al. 2010; Pollard et al. forthcoming).

The results of lead isotopic analyses are represented in the diagrams
of 2%Pb/2%4Ph versus 2°’Pb/2%Pb and 2°°Pb/2%Pb versus 2%8Pb/2%*Pb (Figure
5). As it shows, except for ZY-XA003, 13 WH mirrors cluster in one
region (W), while 9 EH and PH mirrors cluster in another region (E),
containing more radiogenic lead. Data of 11 TLV mirrors (also known as
Boju 1# /5 mirrors (Fig. 2(b)), which use decorations resembling capital
letters “T” , “L” and “V” , along with divinities, animals, clouds and
so on) in the transitional period (from Late WH to Mid EH) fall in a long

belt dispersed across the two regions. The lead isotopic compositions of



mirrors shift in these diagrams from low left to high right over time.

3.3.2 From a Western Han to an Eastern Han pattern

The separation of Xi’an mirrors on lead isotopic compositions support
the idea that the lead ore used in mirror production changed from a WH
pattern to an EH pattern, as has been seen in the Han mirrors found in
Japan (Mabuchi et al. 1985; Mabuchi 1992). Moreover, the data of 11
TLV mirrors can help to further understand when and how this happened:
one sample falls into Region E (ZY-XA028); three samples fall in the mid
zone between Region W and E (ZY-XA017, ZY-XA021, ZY-XA023); the
remaining seven samples all fall into Region W. The data of sample
ZY-XA028, which maybe dated at the earliest to Late WH, appear to
represent the new ore sources, probably implying the beginning of the
change in lead ores in Xi’an mirror production. Samples ZY-XA017 and
ZY-XA021, falling neither in Region W nor E, tend to be later than
ZY-XA028, possibly as a result of mixing old metal with that from a new
source. The remaining TLV mirrors, especially the sub-type of four
divinities TLV PUs# {5 mirrors which still prevailed in the Mid EH,
are probably the latest dated objects showing the old lead pattern and
suggest that the old lead sources had not been completely replaced until
Mid EH. This hypothesis can also been found in the research on Han

mirrors excavated in Japan (Mabuchi, 2011).



Under the primary pattern from WH to EH, a number of outliers
appear archaeologically interesting. Lead isotopes from two Western Han
mirrors unearthed in Zibo, the only mirror workshop site so far found, are
plotted in Figure 6 (Cui et al. 2009). The Panchi %4 mirror, dated to
Early WH, is located on the edge of the Japanese EH mirrors’ region. It is
worth noting that sample ZY-XA003, a Xingyun Az mirror which
prevailed mainly around Xi’an in Mid WH (Cheng et al. 2002), also falls
into Region E. As deduced by Cui (2009), these irregular mirrors found in
the Yellow River basin may be the result of communication with the
Yangtze River basin, in the form of raw metal or artifacts. In fact, the
Chu # Sate in the Yangtze River basin had a fine tradition of casting
mirrors during the Warring States (Hunan Provincial Museum, 1960).
Even though the political and economic centre transferred to the north in
the Qin and Han periods, the southern mirror industry might not have
disappeared completely. In essence, the major pattern plus those outliers
in lead isotopic pattern as a whole show a more complicated picture of
not only a change of lead source across different periods but also a wide
interregional communication. Unfortunately, chemical data from southern

mirrors are still unknown thus it is as yet impossible to take this further.

3.3.3 Provenance studies



Based on lead isotopic analyses on Chinese modern lead ores and
ancient coins, it has been suggested that the lead ore used in WH
originated in North China, while the origin of lead for later mirrors is
believed to be southern China (Mabuchi et al. 1985; 1992). This
argument is supported by the known partitioning of Pb isotope provinces
in China (Zhu 1995, 2001; Cui et al. 2009), as well as the lead isotopic
ratios of three Shenshou mirrors in this paper (ZY-XA031, ZY-XA032,
ZY-XA033), which were supposed to be imported from the south (Wang
1981; Ma 1988), all of which contain a strongly similar lead isotopic
signal ascribed to the south. All nine EH and PH samples cluster closely
together and prossibly originated from a single ore deposit. Figure 7
shows the comparison between LIR of Xi’an mirrors and galena in the
lower Yangtze River metallogenic belt. Nine EH and PH samples fall
exactly in the range of lower Yangtze River metallogenic belt (Pan et al.
1999). There are mirror inscriptions “ A &4 i FFBH”, recording that
Danyang district (located in southern Anhui Province today) yielded high
quality copper ores for casting mirrors in the Han Dynasty(Zhang et al.

2006). Lead ores could have been collected along with the copper.

However, the potential danger here is the widely known issue of
overlapping between lead isotopes in different regions. As clearly shown

in Fig. 7, variation of lead isotopes along Yangtze river is extremely large



and undoubtedly able to cover the lead isotopic signature of the entire
mirror industry from WH to EH. This suggests that lead isotope data on
its own cannot address the provenance question, therefore other lines of
evidences have to be drawn upon to constrain our speculation, such as
transmitted texts, typological analysis, trace elemental patterning in the

copper and archaeological context.

3.4 External connections reflected by Han mirrors

Recorded in “Sanguozhi. Weishu” = /#.3. #¢ 75, 238 AD, the
Japanese Queen dispatched envoys to China, and the Emperor of the Wei
Kingdom entitled the Queen and presented to her hundreds of bronze
mirrors. Although this written document is later than WH, it implies the
important role of mirrors in communication between ancient China and
Japan.

Compared with LIR of modern ores in the vicinity of Xi’an,
Mabuchi propose that lead ores used in Japanese WH mirrors originated
near Xi’an (Mabuchi, 1992). Lead isotopic analyses on Xi’an mirrors
seems to further support this idea: as shown in Figure 6, LIR of Xi’an
samples fall in the corresponding range of Han mirrors excavated in
Japan (Mabuchi 1981, 1985, 1986, 1993, 1996, 2007, 2011; Mabuchi et
al. 1982, 1983, 1985, 1990, 1991; Nishida 1986; Hirao et al. 1995, 1996).

On the other hand, the mirror workshops found in Zibo, Shandong



Province, which are geographically close to Japan, are considered to yield
mirrors sold to Shandong, Henan, Anhui and Shaanxi provinces, and
perhaps exported to Japan (Bai et al. 2005; Bai 2007). However, this
hypothesis needs to be verified by the analysis of more Shandong
samples.

Noticeably, the connection between Xi’an and Japan seems to have
been maintained until the Three Kingdoms and Jin Dynasty. Samples
ZY-XA034 and ZY-XAO035 are the so-called Sanduanshishenxian —E%
oAl mirror, on which the decoration on the back is divided into three
parallel parts with divinity figures and animals, sharing similar motif with
Shenshou mirrors. In addition, the lead isotopic compositions of these 2
sample are the same as the Shenshou mirrors (ZY-XA031, ZY-XA032,
ZY-XA033). Thus, both typology and lead isotopes contain the feature of
southern China. However, such mirrors are quite rare across China (Wang
1981; Li 2011), but several with reliable contexts have been unearthed in
Xi’an (Shaanxi administration commission of cultural heritage, 1959;
Institute of cultural relics conservation and archaeology of Xi’an, 2009).
Wherever these mirrors above derived from, the example unearthed in
Japan (Higuchi 1979), which belongs to which type, Sanduanshenxian or
Shenshou, highlights the link between China and Japan.

Great importance was attached to the connection with Xiyu (Western

Region) by the Han government, aimiedat frontier defence. As recorded



in Shiji & 77, (119 BC), Zhanggian 7K %, the ambassador of the
Emperor Wu, was dispatched to the Western Region for the second time.
Mirrors were supposed to have been carried as one kind of bronze gift
(Liu et al. 2010). After that, the diplomatic and commercial exchange
between the Han Empire and Western countries was formally established
through the silk road (Liu et al. 2010). Given this piece of transmitted
text and the consistency of lead isotopes between the mirror recovered in
Afganistan and those in WH, it appears quite reasonable to argue that
Han mirrors discovered in central Asia are actually evidence for this part
of history (Liu et al. 2010).

In the southwestern frontier, Yunnan, ruled by the Dian Kingdom,
was a dependency of the Western Han Empire. Local people did not cast
mirrors, and the Han Mirrors found there are more likely to have been
transported from the Central Plains (Li 2001). Lead isotopic data from
Western Han mirrors, recovered in northern Afghanistan (Mabuchi et al.
1985), and in Kunming city, Yunnan province (Cui et al. 2007), are all
very consistent with Xi’an mirrors(Figure 7), indicating the possibility of
the same origin, and suggesting that Xi’an might be the production centre
for export mirrors in WH. Cui even argued that a special workshop might
exist around Xi’an, casting mirrors especially for export (Cui et al. 2008).
Whether or not this is true, WH mirrors outside Han China seem to be

more likely the result of communication with the capital region, travelling



along with the movement of people or exchanged as diplomatic presents

and commercial goods.

4 Conclusion

Thirty-four mirrors in the Shaanxi History Museum dated from the
Western Han to the Jin Dynasty have been analyzed in this paper. The
chemical compositions of these samples are high-tin leaded bronze with
very limited proportional variation, consistent with the typical Han
mirror recipe, which probably developed in Mid WH at the latest.
Metallographic study revealed that these Han mirrors were unlikely to
have been subjected to quenching. Lead isotopic studies suggest that the
lead ore used for casting Xi’an mirrors changed from a WH mirror
pattern to an EH mirror pattern. Nine EH and PH mirrors may have
shared a single lead ore source which could have originated in the lower
Yangtze River metallogenic belt. Moreover, a WH mirror, which
contains the EH pattern of lead, was discovered in this research,
demonstrating that the lead sources used in the Western Han might have
been more diverse than initially thought. The production of mirrors in
Han China shows not just a chronological shift, but also more
complicated issues involving both time and space. The comparison of

lead isotopic ratios of Xi’an mirrors with objects from Japan,



Afghanistan and Yunnan provinces shows a close match, supporting the
idea that the capital, Xi’an, was the production centre for exported
mirrors during the Western Han Dynasty. Consistent with the surviving
texts, Western Han mirrors found outside Han China could have been
exchanged as diplomatic presents or commercial goods, or simply have
travelled along with people along the route.

The Han dynasty owned a territory and population which was much
larger than any of the previous dynasties or states in China. Its bronze
industry, including mirrors, coins and tools, was undoubtedly enormous.
However, being dramatically different from ritual vessels in the
previous Bronze Age which is already represented by a large chemical
database (Liu et al. 2015), it is a surprise to see that very little chemical
analysis has been carried out for mirrors and other sorts of copper-based
objects in the Han dynasty. This is possibly because the Han dynasty is
often depicted as a period in which iron was extensively utilized and
bronzes were increasingly insignificant, but this is not necessarily true.
In the Iranian plateau, copper was more exploited when the Iron Age
began (Cuénod et al. 2015) than in the Bronze Age. On the other hand,
although Bronze Age ritual vessels penetrated into the Arc region
surrounding the Central Plains (Rawson 2015), Han mirrors show a
remarkable international distribution which is hardly seen in other types

of copper-based objects. In spite of the limited database offered in this



paper, it is nonetheless possible to see a continuity of lead isotopic
signal from the Shang to the Han (Jin, 2008). This pattern is truly
intriguing but if we hope to further explore the archaeological story
underneath, then what is required is not only lead isotopes but also
chemical compositions of bronze objects for different regions and with

better chronological resolution (Pollard et al. forthcoming).
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