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Qin Shi Huang

259-210 BC
246 BC: king
221 BC: emperor
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1000+ warriors excavated (estimated total: 7000)
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Raw materials our research questions
Technological knowledge

Labour division

Organisation of production

Cros craft |nteract|on

The Qin State: an emerging empire

Mausoleum

Terracotta
Army
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v’ Chemical analyses

IMPERIAL LOGISTICS ¥ Microstructural analyses

(metallography, petrography)
THE MAKING OF THE TERRACOTTA ARMY

v Geometric morphometrics
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(typology, 3D modelling)
v’ Spatial statistics

(in addition to survey, remote sensing, excavation, conservation...)

www.ucl.ac.uk/terracotta-army

Hundreds of bronze weapons
40,000 arrowheads
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high tin bro
(hardness)

Chemical analyses show
alloy optimisation

Anti-rust treatment?

Experimental Cr-treatment and
accelerated ageing of samples for
100 i < R comparison (with A. Benzonelli)

Microanalysis of a metallographic section: X-ray map from EPMA

Studying weapon
surfaces

Images from the
scanning electron microscope (SEM)

Vinyl Polysiloxane

(Li, Martinon-Torres, etal. 2011, J. Arch. Science)
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Images from the scanning electron microscope (SEM) ”, w'u "vq: . L
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40,000 arrowheads

High tin bronze
(hardness)

Low tin bronze
(toughness)

(Li, Martinon-Torres, Meeks et al. 2011, J. Arch. St
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(Martinén-Tor Li, Bevan, Xia, Zhao & Rehren, 2014, J. Archaeological Method and Theory)

1600) Series of 250 arrows
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rganisation of production: flow line?
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Number of arrows per bundle

1 bundle = 100 arrows = 1 quiver

Chemical analyses b 1000

portable XRF (pXRF)
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Fully quantitative analyses would show even tighter groupings

4 bundle 1994 H clean

< bundle 1994 H corroded
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, Zhao & Rehren, 2014, J. Archaeological Meth

HEAD PRODUCTIY
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TANG PRODUCTION UNIT

flow-line productior?
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ASSEMBLY BUNDLING

CELL 1, BUNDLE 1

BUNDLING
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CELL 2, BUNDLE 1
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Morphometric analyses — multivariate statistics (principal component analysis)
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One question unanswered:

Where were the metals sourced?

A question for isotope studies

FTIR: bone ash
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Thin-section
petrography
(technology and
geological origins
of clays

and tempers)

Chemical analyses of ceramic warriors and clays by NAA
and multivariate statistics (cluster analysis)

Chemical analyses of ceramic warriors and clays by NAA,
and multivariate statistics (cluster analysis)
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(Bevan, Li, Martinon-Torres, Green, et al. 2014, J. Archaeological Science)

Structure from motion — st

Giovanni Morelli (1816-1891)
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IMPERIAL LOGISTICS

Decentralised production,
centralised supervision

A real army for the afterlife?
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