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ARCHAEOMETALLURGICAL RESEARCH IN MYANMAR

Archaeology aims to reconstruct past cultures, practices, and human behaviors through material remains. Among the
transformative milestones in prehistoric societies, the invention and utilization of metals played a crucial role in
shaping prehistory, especially in the Bronze Age, and Iron Age. Archaeometallurgy, a vital component of material
culture studies, investigates ancient metallurgical production technologies and the provenance of materials. This
field provides profound insights into ancient crafts, industries, economies, cultural interactions, innovations, and
social structures. Originating in the mid-18th century with compositional analyses of artifacts, archaeometallurgy
has since evolved, employing advanced methods to trace historical practices and trade networks. In Myanmar,
archaeometallurgical research remains in its nascent stage. Initial studies focused on compositional analyses of metal
artifacts, later transitioning to microstructural analysis by both foreign and local scholars after 2000. Recent
advancements include French-led isotopic provenance studies. Despite these efforts, the field faces significant
challenges, including limited funding, equipment, and expertise. Overcoming these obstacles requires
interdisciplinary collaboration between archaeologists and scientists to advance research and enhance the

understanding of Myanmar's rich cultural heritage.
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ARCHAEOLOGY

The study of the human past through its material remains.

Reconstruct past cultures, practices, and human behaviors
through material remains.




HISTORY AND ARCHAEOLOGY

History and archaeology are closely related fields, but they differ in their

methods and focus:

Archaeology: the study of the past using objects and other excavated

evidences as the main sources of data.

History: the study of the past using documents and Inscriptions as

evidences




THE BACKGROUND OF ARCHAEOLOGY

The Speculative Phase (14 to the early 19t C.)
Focused on collecting artifacts and speculating about the past
The First Excavation (181 C.)

Thomas Jefferson dug a trench or section across a burial
mound in 1784. His works mark the beginning of the end of the
Speculative Phase.

The Beginnings of Modern Archaeology (the mid-19" C.)

The newly developed science of geology: the earth was older
than just a few thousand years, and the stratification of rocks (the
arrangement in superimposed layers or strata) established
principles to be the basis of archaeological excavation.

Source: Colin Renfrew, Paul Bahn, Archaeology Theories, Methods and Practice, 2020
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ARCHAEOLOGICAL FINDINGS

Artifacts (Portable objects shaped, modified or created by people)
Ceramic
Metal

Glass

Ecofacts (Unmodified, natural items found in archaeological contexts)
Animal Remains

Plant Remains and etc.



ARCHAEOLOGY AND MATERIAL SCIENCE

The analysis of ancient coins, glass, glazes, and pigments ( Eminent scientists,

primarily chemists) in the late 18th century
The composition and manufacture of ancient artefacts
The official combination of archaeology with the sciences as a career path in 1955

The opening of the earliest university laboratory dedicated to the development

and application of scientific methods to the study of the past at Oxford.



Artefacts:

Elemental or molecular chemistry
Microstructure and texture, I:>

Isotopic composition

The technology of their manufacture or
The provenance of the raw materials used.

In archaeological materials science

The study of production |:> The study of past human practices
technologies and the provenance

of materials.



Ancient technologies are embedded in social structures and develop over time.

Reconstruction and understanding

Ancient crafts and industries

(History of Technology)

Ancient economies, innovations, cultural contacts and social organisation

(Technology in Society)

Tracking the provenance of materials =—=—)> Cultural connections and trade routes
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METHODOLOGY Instrument
. _ Microscope
Destructive analysis
Non-d ' lysi ARE
on-aestructive analysis l
y Ar-laly5|s | | OXRF
Microscopic analysis
Compositional analysis SEM-EDS
Isotopic analysis |ICP-MS

Very rare or valuable artifacts and materials should be avoided from damaging
analytical methods.

Minimize the destruction of priceless artifacts and archaeological materials.

Samples should be as small as possible.




ARCHAEOLOGY
Prehistory: Stone Age:  Palaeolithic Period (Anyarthian Culture)

Mesolithic Period

Neolithic Period (Oakaie, Halin)
Bronze Age (Nyaunggan Burial site)
Iron Age (Thaungthaman Site and Samon Vally Sites)

Protohistory: Pyu ancient cites: Beikthano, Halin and Srikhitra (World Heritage)
Sites) Maimaw and etc

History: From Bagan to the recent past.



ARCHAEOMETALLURGICAL RESEARCH IN MYANMAR

The spread of copper smelting technology

~ >5000BC |

' >4000 BC
PA J >3000 BC 1
& {15 >2500BC
? 5  >2000BC

‘i 51000 BC

Source: Benjamin W. Roberts, Christopher P. Thornton & Vincent C. Pigott, "Development of metallurgy in
Eurasia", Antiquity, 83,2009, p-1014.



ARCHAEOMETALLURGICAL RESEARCH IN MYANMAR

- cm
T.O Morris, “Copper and Bronze Antiquities from Burma”, JBRS, Vol XXIl1, Il, Rangoon, Burma Research
Society, 1938, pp. 95-100.
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Myint Aung, “More Evidence of Myanmar Bronze Age”, Revealing
Myanmar's past: A Anthology of Archaeological Articles, 2012
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REPORT ON THE INVESTIGATION OF METALLIC
IMPLEMENTS FOUND IN NYAUNGGAN VILLAGE, BUDALIN
TOWNSHIP

U Nyunt Htay , Dr. Khin Maung Win""

This report attempts to cover the two main functions. The
first one deals with the various field trips undertaken by specialists groups
and some relevant observations made by the members. The second
function is to interpret those observations and also the analytical results
obtained by X-ray fluorescence analysis of the metallic implements
collected from the excavated sites. The University Research Centre (URC)
1s responsible for the X-ray fluorescence ( XRF ) analysis.

Field Trips
The first field trip started in January 1998 and lasted for about

ten days. The team consisted of representatives from the Ministry of
Culture, the Ministry of Education and the Ministry of Defence
respectively. Excavation activities, carried out during that trip, revealed the
presence of some bronze implements along with metal rolls, human
skeletons and pottery.‘

The second trip was in May 1998. Since the second trip was
undertaken as a follow-up study, the group consisted of scholars from the
Department of Archaeology of the Ministry of Culture, the Department of
Anthropology of the University of Yangon and from the Universities
Historical Research Centre. During this nearly two-week trip some
evidences of copper smelting were observed.

The third field study which took place in December 1998 was
led by Professor U San Nyein of the Department of Archaeology and

Lecture, Department of Metallurgical Engineering and Materials Science, Yangon
Technological University.

" Retired Director General, Department of Technical and Vocational Education. Former
Head of Metallurgical Engincering Department.

' Report on Recent Archaeological Finds in Budalin Township, Sagaing Division by Daw
Ni Ni Myint, Director, Universities Historical Research Centre.

75

UNIVERSITIES’ RESEARCH CENTRE

UNIVERSITY OF YANGON

Mention U Htun Aung Chain
Nyaunggan Project
Your Ref Memo dated 30-12-98

UHRC Report
Lab File XRF 10327 to 10330
Date 1-1-99

Details of Samples Copper alloy samples & Slag

RESULTS OF X-RAY FLUORESCENCE ANALYSIS

Qualitative analysis for heavy elements only (z = 20 and above)

Sample mark Description
SLAG Maujur elements: Fe, Mn
Minor element: Ca
Trace elements: Zn, Cu, Ti, Zr, Sr,
Cr
NG-CUI Major element: Cu
Minor element: Sn
R Trace element: Fe
NG-CU2 Major element: Cu
Minor elements: Sn, Fe
Operated by
Sd/- Sd/-
Daw Ohnmar Win U Ye Myint Swe
Lecturer Assistant Lecturer
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Iron Age burials
in the Samon Valley, Uplpel Burma

Preface by JEAN-FRANCOIS JARRIGE

Member of the Instimte
President of the Muzée Gaimer

under the direction of
JEAN-PIERRE PAUTREAU

Director of Research at the CNRS
Head of the French Archaeological Mission in Myanmar

MISSION ARCHEOLOGIQUE FRANCAISE AU MYANMAR

ANALYSES OF BRONZE VASES FROM THE SAMON
VALLEY
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under the direction of .

JEAN-PIERRE PAUTREAU
ANNE-SOPHIE COUPEY
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- - with the contobution of

C. Dupont, B. Gratuze, J. Lankton, J.-Ch. Le Banmuier,
Ch. Maitay, F. Médard, E. Rambault

Fig: 940: Broaze axe:, current type: m the Sa-
mnnnev‘hmhe-mbzm:e,trprnmd:dm
Ia vallée de b Samon
(pbots smé CAD E. Raehault, MLAFAL).

Emma Rambault

Metal grave goods made from coppes-
base alloy fonnd in the Samon valley are
quite vacied. Tools (axes) have been fonad,
as well as weapons (spearheads, sword
blades), also jewellery o body orn
(ankle sings and bracelets), recepracles (vas-
es), coffin ornamentation, buadles of cop-
per wite and diverse exotic objects. Whilst
some of these objects ace the result of
archaeologzcal digs, most are the resnlt of
grave looting.

Socketted axes and adzes.

Socketed axes weze found in a dig at Ywa
Hun. Whist the bones ace well consecved,
one notes that the axe (blade and handle)
had been placed berween the forearms
Pa et al. 2007). Socketed axes were

Som

942: Eronze head d d with ao

amongst the most common objects dis-
covered. Intensive pillaging in the zegion
bronght to light more than 200 such items.

NOTES CONCERNING A FEW COPPER-BASE ALLOY OBJECTS
FROM THE SAMON VALLEY

el ™ ™

Fig. 941: Bronze adze,
current type in the Sa-
mon valler/herminese
u.bmnu,wd:nz
1a vallée de b Samon

P2

It was noted that their shapes
weze quite regnlar (Rambaule
in Pantcean &7 all 2007, pp. 54-
55 ; Rambanit 2008). In the
majosity, they were socketed
axes with 2 thickened shonlder
(A, 940) and adzes (fg. 941).
An analysis of the composi-
tion of the alloy was caczied
ont on one axe from the Kyme
Kan site (Pantrean & 2/ 2007)
and this proved to be binary
bronze with 8.91% of tn.

Spearheads.
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P

s m:ﬂuﬁpﬂnﬂd&hmenb:onzm
dun “5*
@m:dwax.mx.\:w

d in graves at Ywa Hein.
Grave S5/10 contained two,
placed to the nght, alongside
thebod-ofdmdecezsed(?m
teean 7 a/. 2007). The prox:

[

pmhzdlsocket.The=hzxpenAdhezd,htgexd:mthesocketfxeqnenﬂv Fig 943: Bronze socketad
[aas a foliated shape A central oib is often seen on both side of the sharp-
lened head and also 2 small adge around the cucnmference. The spear-

zpeathead:

from the Samon Taller/ potme'de
lance en hronze de la vallée de la

Samon #bem sud CAD E. Rambeuls,

ALAFAL




0.

NG-1 NG-3
o 7|“ 3 [ - ,v’ - ¥ [ ] ‘ 3 ° q\' 3
NG-6-1 NG-6-2 NG-6-3 NG-6-4

NG-V MH-1 MH-2 and MH-3
MOHLS MOH-B KKH.-B
KKH-W MT
Y-
©sP Photo by researcher

Ywa Htin

Photo by researcher




MOH- S (SEM)
(Photo by researcher)

|

Electron Image 4

MOH-B 100 PPL MOH-B 100 XPL 'MOH-B (SEM)
(low tin bronze, from 1-18% tin)




KKH-B 100 PPL ~ KKH-B 100 XPL KKH-B (SEM)
KKH-B (Bangle), (82.7 Cu, 3.5 As, 0.4 Sn, 0.3 Ag) (Photo by researcher

A - i e
Wt 4 b/"‘
e S tf .
s
AW

-

2 )

KKH-W 100 PPL " KKH-W 100 XPL KKH-W (SEM)
KKH-W (Bronze Wrie bundles), (98.1 Cu, 1.1 S) (Photo by researcher)

11 Nov 2015




NG-6-2 200 PPL - NG--2 200 XPL NG-6-2 (SEM) E—
NG-6-2 (Ingot), (82.8 Cu, 17.15n,, 0.1°5) (Photo by researcher)

0 1 2
B —
om

NG 6-3 100 PPL 'NG_6-3 100 XPL NG_6-3 (SEM)
NG-6-2 ( Ingot), (94.9 Cu, 5.1 Sn, 0.3 S, 0.5 Pb) (Photo by researcher)



MH-1 200 PPL
High tin bronze, from 18-30%tin samples

,"4

MH-3 100 XPL

W

PL

MH ) gie )

' MH-1 (SEM)

MH. 2

MH.3



KKH-S 100 PPL | KKH-S 100 XPL
KKH-S (The fragment of Sward scabbard)

SP 50 PPL " SP 50 XPL

BEC 20kV

)’-i‘c kP
e

%

O\

S
- 4
lesy)

L\ )

RAR X

WD10mm

KKH-S (SEM)
(Photo by researcher)

SP (SEM)



HK 100 PPL T HK(SEM)
HK (Wire bundle) HK-2 (Bowl)



Archeeol Anthopol Sci
DOI 10.1007512520-016-0436-7

ORIGINAL PAPER

Metallurgical traditions and metal e
prehistoric central Myanmar, c. 100

Thomas Oliver Pryce

2 . Kalayar Myat Myat Htwe® - Myrto G

Tiffany Martin® + Enrique Vega®- Thilo Rehren®® « Tin Tin W

Peter Petchey” - Jitlada Innanchai® - Baptiste Pradier’

Recsivexl: 3 August 2116 / Accepiedt 9 November X116
40 Springer Verlag Berlin Heidelberg X016

Abstract Myanmar has been notably underrepresented in re-
cent studies of archacometallurgy in Southeast Asi, despie
its richness m both minem! and cultural resources and its po-
tentially central role in long-distance exchange networks
linking India, China and peninsular neighbours. Here, we
present ongmal analytical data on copper-base aneficts fom
several Bronze Age and Iron Age sifes in Myanmar, Observed
microstructures rnge from as-cast, worked, to fully anncaled:
compositions include leaded copper, low-tin to high-tin
bronzes, and asenical copper/bronze. Lead 1soope analyses
indicate that the metal originates from different geological
sources, including several that match the lead isotope signa-
tures of known prehistoric coppermmes in Thailand and Laos.
These archacometallurgical data, including evidence for sec-
ondary copper-base production. more than double those
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Fig. 22 Bi-plot of lead isotope values. Previously published regional
primary copper production systems are represented by triangles: green
for Nil Kham Haeng and Non Pa Wai (Khao Wong Prachan Valley,
central Thailand), yellow for Phu Lon (northern Thailand) and red for
Puen Baolo and Thong Na Nguak (Sepon, central Laos), from Pryce

et al. (2011b). Previously published data from Myanmar (Kan Gyi Gon,
Myo Hla, Nyaung Gon and Ywa Gon Gyi) are represented by small
circles, from Pryce et al. (2014) and Dussubieux and Pryce (2016).
New data are represented by large circles and artefact types are
lhbelled. Symbols are larger than error bars



Figure 7. Optical micrographs, after etching. Left: a leaded copper sample (NYG3/1) with an as-cast structure; right: a
copper ring sample (HL29-1/8) which has been hammered and annealed.
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Figure 6. Optical m_icrogaphs. Top left: as-cast wire bundle (HL28/2) with found copper sulphide inclusions; top right: N ’lﬁ.’fﬁ']{,ﬁ“bl‘/ asucait. .St.,’l'.'.‘ fl[l’f'um e SRR T SR AL TR Bever i - er
wire bundle (HL28./:7),' beluw left: bron:e cast bellfrattle (HL28/12); below right: bronze as-cast bangle (HL29-1/1); 07 F | ; | l | | 7] | v J | per.
bottonc: & browze ving with an as-cast wicrostructre (HL29-1/7). rcles represent t doeumented prehistoric copper-producing centres a)tth lead isotope clmmcterzzatzons




208ph /204

3750

37,00

17

38,50 -

C6

18,00

18,50

A
A
Myo Hla 2014 O Ywa Gon Gyi 2014 OKan Gyl Gon 2016
O Nyaung Gon 2016 Htan Ta Bin 2018 OAI 2018
©OAI1 2018 O OAI2 2018 OO0AI3 2018
Mon Htoo 2018 QO Myin Oo Hie 2018 O Myinthe 2018
O Nyaung'gan 2018 Supan 2018 Letpadaung 2018
. Baw Taung X Bawdwin x Kawlin
Mingan < Nant Twin Lashio X Pala Dauk Hter Taung
« Sabad Taung X Thabeik Kyinn X Yang Tse Copper
A Heimajing A Guangfentou A Khao Wong Prachan Valley
APhuLon A Raojiadi A Vilabouly Complex
@ HL28 OHL29 @ HL29-1
@ HL30-1 O HLTP1 @ Maliwan
19,00 19,50 20,00
206pp/204pp

20,50

Figure 12. All Myanmar artefact plus mineral LI data deemed potentially relevant in the previous section, representing
all four stable isotope ratios, plotted against published copper production systems in Thailand (Khao Wong Prachan Valley
and Phu Lon), Laos (Vilabouly Complex), Yunnan (Guangfentou) and Sichuan (Raojiadi) (Chen et al. 2020; Pryce et al.
2022b; Zou et al. 2019). Cé is a cluster we consider identifiable once regional copper production data are included. Error
bars are smaller than symbols.
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Archaeologica\ and Geological Evidence from the Sonthemmost Region of
Myanmar
Kalayar Myat Myat Htwe I pay Wa Aung’, Ye Tun!, Win PaPa Lwin'

Abstract
g the regions of Dawel, Myeik, and Kawthaung n

The Tanintharyl coast, encompass!
southernmost Myanmar, emerged as @ significant cultural hub around the fourth century BCE.

Systematic archaeolog)cal excavations Were not conducted 1 this area until 2018 Recent
in Kawthaung Division, carried out by the French-Myanmar Mission, have

excavation at Maliwan
uncovered numerous artifacts, mncluding local and Indian-related ceramic shards, stone and glass

Despite extensive research by regional and international archaeologists
over the past WO decades. considerable gaps remain. This study addresses these gaps bY
integrating geolog\cal formations with archneologlcal evidence and conducting 3 comparative
ysis using the available samples. Diverse-colo\ned glass

peads. raw glass and coppet-based objects were analysed using an optical Microscope for

microstructures and SEM-EDS for elemental analysts. This paper contributes povel perspective

on the socio-econom‘xc cultural and material technology diffusion 1o hybrdity 1

beads, and metal objects.

southernmost region of Myanmar.

Keywords: S + Region of Myanmar. Daffusion. Hybndity. Ancient Mantime T

1. Introduction
The Isthmus of Kra. situated in the southernmost region of Myanmar. ha

s been of

1 .ot times. yielding significant archaeological

geogaplﬁcally strategic importance since ancient
evidence. This region 15 notable for its abundant natural 1es0

and geologica\ resources:

. « -~ -~

urces until now- including forestry

minerals such as tin. gold and lead. Additionally. jtservesasa crucial
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Sn Pb As

0 0859141 0
0 0663337 0

0 0

12 447 83.5

Tota

0 100
0 100
0 100

Point
Spe- 011
Aw Spe-012
Gyl Spe-013
Spe- 014

AG-001

Sample : SEM-EDS
TR S Point
Spe- 001

AG-006 Aw Gyi Spe- 002
Spe- 003

SEM-EDS

Point
Description
gray
gray
bright granule

bright granule

Point
Description

dark gray area
gray area

white area

S Fe CU

0 0.65 95.7 3.66
0 0.68 96.1 3.19
126 0194
12 0 59

S Fe CU Sn
0 0 100 0
0 0 88 988

0 0 612 38.1

0
0

0 855
0 81.1

Tota
1
0 100

0 100
0 100
0 99

Sn Pb As

Pb As Total

0 211

0

100
0 993
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LOCATION OF THE IRON PRODUCTIONS SITES

How to explain lots of iron production sites

to be found between Bagan and Mount Popa?
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BAGAN’S ECONOMY
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The quality iron was essential requirment

= agricultural and craft tools,
= Dillets for exchange, and

= weapons for combat.
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PLOT OF THE CHEMICAL SIGNATURES BY USING MULTIVARITATE
ANALYSIS

Variables (axes F1 et F2: 74,17 %)
Observations (axes F1 et F2: 74,17 %)
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LABORATORY ANALYSIS Iz

Optical microscopic analysis
( Silpakorn University Archaeometallurgical Laboratory in Thailand) ‘ v

SEM-EDS analysis

TPK-1-L6 TPK-2 -L7




SOME REFERENCE TEXT BOOKS FOR STUDIES

METALLOGRAPHY
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MICROSTRUCTURI
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CONCLUSION

Connections with China and other Southeast Asia

Cultural and Material technology Diffusion and Hybridity

Challenges and Future Outlook in Archaeometallurgy

Current Challenges:  Limited funding, insufficient equipment, lack of expertise
Path Forward

Foster interdisciplinary collaboration between archaeologists and scientists.

Strengthen research efforts to uncover and preserve Myanmar's cultural heritage.
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