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Abstract

Sustained archaecometallurgical research since 2008 has permitted the Southeast Asian Lead Isotope Project (SEALIP) to
establish the general anthropological and geochemical parameters of late prehistoric and early historic regional nonferrous
base metal exchange networks. A 79 artefact assemblage from the mid-late Iron Age (2"%-8"" c. AD) settlement and residential
burial site of Non Ban Jak (NBJ) in lower northeast Thailand gave an opportunity to generate a fine-grained interpretation
of copper-base metal supply and demand at the cusp of mainland state formation. Previous hints that the central Thai copper
production centres in the Khao Wong Prachan Valley (KWPV) were only weakly active during the Iron Age, were reinforced
by the near total absence of the KWPYV signature at NBJ, only 165 km to the east. Since 2011, copper production at the
Vilabouly Complex (VC) in central Laos has dominated regional consumption signatures, and a simple reading of the NBJ
dataset would support this thesis. However, a high-density sampling shows that VC production is not actually consistent
with much of NBJ consumption, and thus we must search for other Southeast Asian copper production loci. Finally, being
able to analyse multiple artefacts of a range of typologies enables us to identify material culture associations between indi-
viduals at NBJ, those at other lower northeast Thai sites, and even between individuals at contemporary sites in northwest
Cambodia. Intriguingly, these potential consistencies between individuals at an international scale all concern middle-aged
men, possibly reinforcing regional bioarchaeological interpretations of matrilocality.
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Introduction

Highlights

Largest regional single-site archaeometallurgical study reveals
600 years of metal consumption behaviour.

Lead isotope data reveal little to no connection with central Thai
copper supply but potentially west-central Thai lead/silver supply.
Non Ban Jak shares some, but not all, metal supply networks with

Such is the ecological and geological diversity of Main-
land Southeast Asia (MSEA), intercut with lengthy rivers
and mountain ranges and interspersed with fertile plains
and plateaux, it has long been acknowledged that modern

nearby Ban Non Wat.

Multiple shared metal supply networks revealed between Mid-Late
Iron Age northeast Thailand and northwest Cambodia

The hegemony of the central Lao ‘Vilabouly Complex’ copper
supply signature begins to unravel.

First archaeometric linking of individual inhumations within and
between cemeteries in Cambodia and Thailand
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national boundaries are not the ideal geographical frame-
work within which to investigate spatio-cultural variation
in the region’s human past. It was upon this basis that the
‘Paddy to Pura — Origins of Angkor’ (P2P) project was
founded in 2011, to investigate diachronic cultural interac-
tions between northeast Thailand and northwest Cambodia.
Building on previous protohistoric archaeological research
in the Upper Mun River basin at Ban Lum Khao (BLK), Ban
Non Wat (BNW), Noen U-Loke (NUL) and Non Muang Kao
(NMK) (Higham and Thosarat 2004; Higham et al. 2007,
Higham and Kijngam 2012), and in the Sisophon/Mong-
kol Borei River basin at Phom Sophy (PSO), Phum Snay
(PSN) and Prei Khmeng (PKM) (O’Reilly et al. 2006, 2015,
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2020), the P2P team carried out fresh excavations at Phum
Lovea in 2011-12 and at Non Ban Jak in 2011-17 (Fig. 1).
The Southeast Asian Lead Isotope Project (SEALIP), the
region’s first comprehensive and systematic investigation of
regional copper-base production, exchange and consumption
behaviours (Pryce et al. 2011a), was integrated with P2P
research from the outset.

Lovea is a moated residential burial site of ca. 44 ha,
located 7 km northwest of the Western Baray at Angkor
(13.4841°N, 103.7130°E). An 8x8 m excavation revealed
12 burials with 14 individuals, dated AD 100—400 (O’Reilly
and Shewan 2015, 2016; O’Reilly et al. 2017). The study
of Lovea’s material culture revealed substantial evidence
for regional and inter-regional exchange, with domestic
and funerary pottery analysis indicating overlapping shared
ceramic traditions across NW Cambodia and NE Thailand
(Lim 2020), while the technical study of 805 glass, 17 car-
nelian and eight agate beads suggests spheres of interac-
tion reaching as far as the Indian subcontinent (Carter et al.
2023). In contrast, the study of Lovea’s copper-base metal-
lurgical assemblage suggested a potentially single copper
source, which when, “[p]lotting the data against the known
prehistoric Southeast Asian copper producers [...]indi-
cates a strong consistency with the central Lao production
centre, Sepon [the Vilabouly Complex]. We use the term
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‘consistent’ in recognition that there could be other, as yet
uncharacterised, isotopic matches of primary and/or second-
ary production systems [...].”(Pryce et al. 2017b: 398). It
transpired that this interpretative caution for Iron Age inter-
actions between Cambodia and Laos was prescient.

Site

Non Ban Jak (NBJ, 15.2586°N, 102.1703°E) is one of
many Iron Age and earlier settlements that cluster on the
Mun River flood plains in northeast Thailand (Fig. 2). This
area was uplifted from the Shan-Thai terrane in the early
Cenozoic, and its bright-red relict soils, a type of oxisol
called rhodic ferralsols or Yasothon soils, overlay heavily
bioturbated gravel beds (Bunopas and Vella 1992; Lofile
and Kubiniok 1996). This geological history is incompat-
ible with the formation of copper mineralisations (Hutchison
and Taylor 1978; Sitthithaworn 1990), and thus any copper-
base artefacts excavated at NBJ can be safely assumed to
have been imported, whether as raw metal ingots or finished
products.

Excavations at NBJ opened areas on two distinct mounds
(Fig. 3), as well as across the moats and banks that surround
the ca. 13 ha site (Higham and Kijngam 2020). NBJ was set-
tled ca. AD 200, the subsequent mortuary sequence being
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Fig. 1 Map of the region and sites mentioned in the text. Green dots represent sites with primary copper production evidence. Red dots represent
copper-base consumption sites, which may also have secondary production evidence. Courtesy of ArcGIS Explorer (modified)
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Fig.2 Upper Mun River Valley sites excavated by the Origins of Angkor Project. Courtesy of Google Earth (modified)

divided into four phases: MP1 — AD 200-400, MP2 — AD
400-550, MP3 — AD 550-600 and MP4 — AD 600-850
(Higham et al. 2020a). This was a critical period in the later
prehistory of the region, because it involved the onset of
marked aridity as the strength of monsoon rains, so critical
for rice cultivation, declined (Wohlfarth et al. 2016; Castillo
et al. 2018). This stimulated the construction of moat/res-
ervoirs around later Iron Age settlements, the adoption of
animal-traction plough agriculture in fixed irrigated fields,
and social change involving the discontinuous rise of elite
leaders. This is particularly seen at the nearby site of Noen
U-Loke, where, just prior to the settlement of Non Ban Jak,
some men and women were interred in clusters of graves
with remarkable burial wealth; incorporating gold, silver,
glass, carnelian and agate ornaments, iron weapons, fine
ceramic vessels, sickles and ploughshares and many copper-
base ornaments (Higham et al. 2007).

At NBJ, the first settlers occupied small wattle and daub
houses but, over the ensuing centuries, the growing town
comprised streets flanked by stouter multi-roomed homes,
with ancestors buried under the floors. Some were interred
with impressive exotic ornaments, tools and weapons,
including 513 copper-base artefacts with a range of typolo-
gies. Bracelets predominated, but there were also ear, finger
and toe rings, belts, anklets and bells (Table 1). At no period
were there as many copper-base artefacts as at Iron Age 3
Noen U-Loke, but there was a definite rise in their frequency
during MP3, with a mean of 12.2 copper-base artefacts per
NBJ adult burial. Despite the scale of the NBJ excavation,

664 m?, and its focus on domestic contexts, only 60 non-
mortuary copper-base artefacts and fragments thereof were
found, 10.5% of the total: 14 bracelets, 11 rings, 6 ‘bimetal-
lic’ rings, 5 bells, 3 earrings and 25 unidentified fragments.
Furthermore, although NBJ furnished substantial evidence
for pottery production (Heath 2020), and limited evidence
for iron smithing (Higham 2020: 38; Higham et al. 2020a:
1), only a single possible crucible fragment and no moulds
or furnaces were discovered that might suggest secondary
copper-base production activities - refining, alloying, found-
ing. While a foundry could have been present on an unexca-
vated part of the site, based on current evidence we assume
most, if not all, the copper-base artefacts were imported in
finished form.

NBJ is located at a choke point for exchange, east of a
pass over the Petchabun Range linking the Khorat Plateau
with the plains of central Thailand (Fig. 1). The latter area
is a potential source of copper (Pryce et al. 2010, 2024;
Higham et al. 2020b; Cadet et al. 2024), as well as being a
possible conduit to west-central Thailand, with its largely
unstudied sources of lead and tin (Coote 1990; Hirao and
Ro 2013; Venunan et al. 2022). It is also the likely route
connecting northeast Thailand with maritime exchange net-
works via the Bangkok Embayment and the Gulf of Siam,
which are thought to have facilitated the initial distribution
of carnelian, agate and glass ornaments (Carter 2016; Bell-
ina et al. 2019; Hoppal et al. 2023), and probably knowledge
of iron smelting from South Asia from the mid-1* millen-
nium BC (Biggs et al. 2013; Petchey et al. 2018; Venunan
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Fig.3 Aerial view of Non Ban Jak showing the areas excavated. Courtesy of Google Earth (modified)

et al. under review). Looking east from NBJ, the Mun River
provides a pathway for exchange with communities up and
downstream on the Mekong River, as well as beyond to the
uplands of Laos and the copper mines of Vilabouly (Cadet
et al. 2022). It is these metallurgical exchange network
potentialities we shall investigate in the present study but it
should be born in mind that in any putative exchange sys-
tem, the upper Mun River region was, during the Iron Age
and to this day, a major source for salt — a prerequisite for
food preservation and preparation in a sub-tropical environ-
ment (Yankowski et al. 2015).

Assemblage

Focusing on the funerary assemblage, much denser in number
and more securely contextualised than the domestic equiva-
lent, of the 513 copper-base artefacts, 81 samples were taken
for technological, elemental and lead isotopic analysis within
the SEALIP/BROGLASEA programme (Pryce and Pigott

@ Springer

2024). The sampling covered the full sequence: 11 from MP1
(AD 200-400); 27 from MP2 (AD 400-550); 24 from MP3
(AD 550-600) and 17 from MP4 (AD 600-850), as well as all
major typologies: 3 anklets; 28 bracelets; 2 bells; 3 belts; 10
rings; 2 earrings; 21 finger rings; two ‘spirals’; 1 thumb ring;
and 7 toe rings (Figures 4 and 5, Table 2). As per the nearby
Ban Non Wat archaeometallurgical study (Pryce 2011), NBJ
metals were heavily corroded, which will naturally impact our
elemental data on a quantitative basis (Scott 2002; Selwyn
2004; Bernard and Joiret 2009) but not, we argue, on a sub-
stantive qualitative basis. Two NBJ samples, 27 and 52, were
eliminated from the study in France because of near-total cor-
rosion but nevertheless, the sampling strategy represents over
15% of the funerary copper-base artefacts. NBJ now consti-
tutes SEALIP/BROGLASEA’s most densely sampled metal-
lurgical assemblage in Southeast Asia and will enable us to
address the following research questions:

e Do the artefacts come from one or multiple sources?
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Table 1 The mortuary sequence at Non Ban Jak, together with the number of copper-base artefacts found in the graves of adults and infants

MP date N bracelets fingerrings toering earring heavy belts anklet ringsin bell mean/burial
AD burials ring neck-lace

Western mound burials

MP 1 adults  100-540 7 22 1 1 0 0 0 1 0 0 4.6

MPI infants  100-540 15 29 1 0 1 3 5 0 0 2.6

MP 2 250-530 8 21 16 12 0 0 0 0 0 6.9

adults

MP 2 250-530 27 22 9 0 0 19 0 2 0 0 1.9

infants

MP 3 350-550 13 35 68 0 2 9 2 43 0 0 12.2

adults

MP 3 350-550 24 4 19 5 0 2 0 6 14 2.1

infants

MP 4 500-700 8 0 17 0 0 1 0 0 0 0 2.25

adults

MP4 500-700 7 2 4 0 13 0 0 1 0 0 2.8

infants

Eastern mound burials

MP2 150-530 5 4 35 14 2 0 1 0 0 0 11.2

adults

MP2 150-530 23 18 7 0 1 12 0 5 0 1 1.9

infants

Totals 137 157 177 32 19 44 6 63 14 1 513

e Are these sources consistent with the known regional
copper and lead producers?

e Can we detect variation within individual mortuary
assemblages?

e Can we detect horizontal variation between mortuary
assemblages of the same mortuary phase?

e Can we detect vertical variation between mortuary
assemblages of different mortuary phases?

e Can we detect similarities in consumption signatures
between NBJ and contemporary cemeteries in Thailand
and Cambodia?

Methodology
X-ray fluorescence (XRF)

Bulk elemental composition of major, minor and (some)
trace elements for the OM samples was analysed using
XRF at the Laboratoire Archéomatériaux et Prévision de
l’Altération (LAPA-IRAMAT/CEA) in Saclay, France. XRF
data were acquired using a NITON XL 3t GOLDD+ port-
able XRF analyser in ‘laboratory mode’ (fixed stand but
no vacuum), with a max 40 kV accelerating voltage in the
‘alloys’ mode. Accuracy and precision were assessed with
eleven Certified Reference Materials (Table 3). Good results

for major and minor components were confirmed but light
elements at low concentrations like phosphorus, silicon, alu-
minium, magnesium and sulphur were not reliably detected
due to non-vacuum conditions. Analyses were performed
on the metal samples after resin-mounting, grinding with
silicon carbide paper (from 800 to 4000 grits) and polishing
using diamond suspensions (3, 1 and 0.25 pm). The mounted
and polished sections were scanned using a 3 mm beam
diameter, which allowed for reliable results if the sample
was larger than this. Three such spot analyses were made
for each sample.

Optical microscopy (OM)

The same samples as prepared for XRF analysis were exam-
ined for microstructural evidence of thermo-mechanical
treatments using an optical microscope (Zeiss Imager A2
vario Axio system), first un-etched and then after etching
with alcoholic ferric chloride, to reveal the crystalline struc-
tures in less corroded examples. The advanced corrosion of
many of the NBJ copper-base artefacts means their micro-
structures could not be reliably read (Scott 1991). However,
all those samples with unusual elemental compositions were
examined, as well as a selection of other uncorroded or less-
corroded examples to illustrate the range of working tech-
niques evidenced.
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Fig.4 Copper-base artefacts from Non Ban Jak. Mortuary Phase 1.
Cat. 350, burial 18, foetal infant, ring. Cat. 452, burial 30, infant,
bracelet left wrist. Cat. 591, burial 35, old female, bracelet right
wrist. Cat. 609, burial 59, anklet left ankle. Cat. 377, burial 20, old
adult male, toe ring over left ankle. Cat. 371, burial 21, adult male,
bracelet right wrist. Mortuary Phase 2. Cat. 879, burial 86, infant,
bracelet placed over left wrist. Cat. 929, infant, bracelet worn on right
wrist. Cat. 930, infant, bracelet worn on left wrist. Cat 941, infant,

Scanning electron microscopy with energy
dispersive spectrometry (SEM-EDS)

XRF/OM samples with unusual microstructures and/or ele-
mental compositions were carbon coated for analysis in a
JEOL 7001F instrument. Both secondary electron (SE) and
backscattered electron (BSE) modes were used, with a 20
kV accelerating voltage, a 10 mm working distance with an
Oxford Silicon Drift Detector and processed using Oxford
Instruments Aztec software.

The detection limit was fixed at 0.5 wt.% with a count
rate of 4000/s (detection time of 40 s), which gave good
spectral resolution with respect to background noise. Rela-
tive quantification error (2 o) is circa 10% of the measured
value. SEM-EDS accuracy was evaluated using the same
CRMs as used for the pXRF analysis, and we obtained good
results for the major elements (Table 3). Bulk compositions
for each sample were obtained by a mean of 3—4 areas scan
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bracelet worn on left wrist. Cat. 1303, old male, finger ring on right
hand. Cat. 1505. Young male, bracelet worn on right wrist. Cat. 1985,
burial 190, old male, silver ring worn on right hand. Cat. 1302, burial
134, old male, toe ring worn on right foot. Cat. 1679, bell, phase 1
occupation. Cat. 1948, infant, bell beside skull. Cat. 1808, infant, on
left arm. Cat. 1807, infant, on right arm. Cat. 1871, burial 177, infant,
right arm. Cat. 1870, burial 177, infant, left arm

(0.4 mm?) per sample. When possible, the analyses were
performed in areas without corrosion products.

Multi collector - inductively coupled plasma — mass
spectrometer (MC-ICP-MS)

Lead isotope analysis (LIA) was conducted at the Service
d'Analyse des Roches et des Minéraux of the Centre for
Petrographic and Geochemical Research (SARM-CRPG)
in Nancy, France, using MC-ICP-MS after lead extraction
(Manhes et al. 1980). Thallium NIST SRM 997 was used to
correct for instrumental mass bias and all parameters were
adjusted to obtain the closest values relative to NIST SRM
981, as determined by DS-TIMS (Thirlwall 2002). More
details about SARM-CRPG lead isotope analysis are avail-
able in (Cloquet et al. 2006; Aebischer et al. 2015).

As per the SEALIP/BROGLASEA programmes,
LIA was used to look for consistency/compatibility, not
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Fig.5 Copper-base artefacts from Non Ban Jak. Mortuary Phase 3.
Cat. 1190, burial 120, mid adult male, bracelet right arm. Cat. 1191,
burial 120, mid adult male, bracelet right wrist. Cat. 1197, burial 120,
mid adult male, heavy ring between femora. Cat. 1193, burial 120,
mid adult male, earring right ear. Cat. 1223, burial 122 infant, anklet.
Cats. 839-840, burial 82, old male, belts. Cat. 512, burial 46 adult,
toe ring left foot. Cat. 553, burial 46 adult, ring right hand. Cat. 514,
burial 46 adult, anklet right foot. Cat. 725, burial 73 child, ring, right
toe. Cat. 554, infant, burial 157, ring, necklace. Cat. 786, burial 77
old male right earring. Cat. 542, young male, bracelet right wrist.

‘matches’, with known and characterised production
systems, in recognition of the likelihood of other, as yet
uncharacterised, primary and/or secondary production sys-
tems, as well as interpretation being impacted by mixing,

Cat. 713, burial 75 old female, bracelet right wrist. Cat. 1134, 15-18
year old, bracelet right wrist. Mortuary Phase 4. Cat 491, burial 39
infant bracelet right arm. Cat. 522, burial 45 old male, finger ring left
hand. Cat. 635, burial 66 child, ear ring right ear. Cat. 669, burial 66
child, necklace ring. Cat. 1385, burial 110 young male, ring. Cat. 72.
Burial 7 old female, ring, right hand. Cat. 78. Burial 7 old female,
bracelet left hand. Cat. 334. Burial 12 old adult, spiral. Cat. 400. Bur-
ial 12 old adult, spiral. Cat. 613, burial 61a/b adult females, toe rings.
Cat. 470. Burial 32, infant, belt

alloying and recycling (Budd et al. 1993; Wilson and Pol-
lard 2001; Pryce et al. 2011b, 2014). These consistencies
were judged by proximity of data points on 2°Pb/2*Pb
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Fig.6 NBJ samples sorted by elemental concentration, clockwise from top-left: iron, silver, zinc and arsenic

vs 2%Pb/2%Pb and 297Pb/?**Pb vs 2°Pb/2**Pb biplots for
manual interpretation.

Results
Elemental and technological

The advanced degree of corrosion in many NBJ samples
implies our elemental data cannot be considered to represent
the alloy compositions when the artefacts were originally
produced (Scott 2002). This is particularly apparent in the
generally elevated tin concentrations, ranging up to 45 wt.
%, which would have been artificially inflated as the copper
concentrations were depleted by preferential corrosion. Fur-
thermore, the frequent and occasionally high concentrations
of non-cuprophile minor oxides like iron, aluminium and
silicon are corroborative of visually determined advanced
corrosion products. Nevertheless, on a presence:absence
basis (Bray and Pollard 2012), applying the standard BRO-
GLASEA alloying element cutoff convention of 1 wt. %,
we can discern the following alloy classes: 45 ‘bronzes’; 4
‘leaded arsenical bronzes’; 1 ‘leaded arsenical silver cop-
per’, 1 ‘leaded arsenical gunmetal’, 20 ‘leaded bronzes’; 2

@ Springer

‘leaded gunmetal’; 1 ‘leaded silver bronze’; 1 ‘silver bronze’,
3 ‘silver coppers’ and 1 gunmetal. We do not imply that all
these alloy classes were intentionally produced, and some
are almost certainly conflated due to post-depositional modi-
fication of original values, but we can still detect significant
patterning with respect to arsenic, iron, lead, silver, tin and
zinc (Fig. 6).

Many of these alloy types are uncommon but none of the
artefacts are made from a pure or near-pure metal. This is
consistent, but not mutually exclusive, with NBJ not hav-
ing any secondary production evidence, for which we might
expect foundrypersons to have produced their own alloys
from imported raw smelted copper, tin and lead. Of course,
it would also be reasonable for putative foundrypersons to
produce finished products from pre-alloyed metals, or simply
by recycling whatever stock and scrap came their way, but
on balance we favour the strictly-evidenced interpretation
of all artefacts being imported to NBJ in their finished form.

Lead
Firstly, and critical to lead isotope data interpretation, 50

NBJ samples are ‘unleaded’, in terms of having global com-
positions lower than 1 wt.% Pb — from around 1400 to 7000
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Fig. 7 Logarithmic lead concentrations for NBJ samples, showing our 1 wt.% Pb alloying boundary is reasonable and corresponds to a real gap
in the data distribution

NBJI12 NBJ/42 NBJ/53

NBJ/64 o NBJ/71

Fig. 8 SEM-EDS elemental mapping for the samples with more than 1 wt. % As, showing the non-surficial distribution of As (top) in Cu (bot-
tom)

ppm — while the remaining 29 samples are ‘leaded’, with  Arsenic and zinc

an extant 1.1 to 27.5 wt. % Pb. There is a distinct gap in

the variation, suggesting our alloying boundary definition =~ We do not consider any of the four NBJ samples (#21, 4142,
is historically as well as analytically useful in this instance =~ 53) with global compositions above 1 wt.% Zn (Table 1)
(Fig. 7, see also Pryce et al. 2024). Lead concentration will ~ to be brasses. Indeed, their zinc concentrations are too low
prove a deciding factor in our isotopic interpretations. to be detected by SEM-EDS (Table 1). While deliberate
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Fig.9 (upper) Dark field optical micrographs of the NBJ samples with the high iron concentrations. (lower) SEM-EDS elemental maps for iron-
rich samples NBJ/29-33, with Fe distributions highlighted in green above, and Cu in blue below

alloying, co-smelting or cementation are unlikely, it is con-
ceivable these samples reflect lead-zinc (galena-sphalerite)
mineralisations from west-central Thailand (Charusiri et al.
2003) or elsewhere in the region. Likewise, we do not inter-
pret any of the 61 samples with globally-detectable arsenic,
or the six samples with 1.1 to 2.7 wt. % As (#1213, 53, 62,
64 & 71) to be true arsenical alloys (Table 1). Five of those
six also contain significant tin contents, which would have
given the colour and hardness properties that arsenic might
otherwise have contributed, if arsenic had been alloyed
intentionally for aesthetic or mechanical advantages. SEM-
EDS analyses (Table 1) do confirm the presence of As at 1.0
to 4.2 wt.% but elemental mapping (Fig. 8) shows the arsenic
is not (with the possible exception of NBJ/53, which is a
complex leaded-arsenic-zinc-bronze) distributed in a surfi-
cial layer of a copper arsenide (Cu;As), which can provide a
desirable silver colour. We attribute the composition of these
samples as most likely due to the unintentional presence of
arsenic due to smelting or co-smelting arsenic-bearing cop-
per minerals like arsenopyrite.

Iron

The ‘bimetallic rings’ were assumed by the excavators
to have been made of bronze and iron due to their colour
and mass, but we consider these are more likely corroded
unleaded bronzes with unusually elevated global iron con-
centrations ranging from 1.8 to 32.6 wt. % Fe (Table 1,
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undoubtedly being more suited to a stoichiometric Fe,0;
conversion factor of 1.431). As above, we do not suggest
these figures are quantitative representations of the original
alloy, and indeed we see significant covariation with context:
the samples with the most iron are NBJ/29-32, all of which
came from Burial 167, and thus suggestive that a particu-
lar post-depositional environment maybe be partly respon-
sible (Fig. 9). Of the Burial 177 bimetallics, NBJ/33-36,
all have single-digit iron concentrations, with the exception
of NBJ/33 (global, 19.4 wt.% Fe), and the two remaining
‘bimetallic’ samples from Burials 49 (NBJ/46, global 4.8
wt.% Fe) and 120 (NBJ/63, global 3.7 wt.% Fe), respectively,
are likewise not so rich in iron to be seriously considered
iron or partly-iron artefacts. We are as yet unable to explain
the globular appearance of Cu versus Fe distributions in
elemental mapping (Fig. 9) but strongly suspect tropical
weathering processes over the centuries, in a manner simi-
lar to pisolithic laterite formation (see Pryce and Natapintu
2009; Venunan 2016, and geological references therein). The
existence of copper-base artefacts with elevated iron con-
centrations is far from unknown, either elsewhere in Eurasia
(Craddock and Meeks 1987; Ingo et al. 2006), or indeed in
Southeast Asia (Cadet et al. 2019). The typical reason for the
presence of iron in copper is excessively reducing conditions
during the smelting of ferruginous copper ores and/or iron-
rich fluxes. Iron can be easily removed from copper as dross
in a hot oxidising atmosphere, and thus its presence in NBJ
samples is most likely symptomatic of casting copper-base
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Table 2 NBIJ study samples
coding, context, date and

typology

Name Burial Cat# MP absolute period Artefact type
SEALIP/TH/NBJ/1 B18 350 1 AD 200 - 400 bracelet
SEALIP/TH/NBIJ/2 B18 350 1 AD 200 - 400 spiral bracelet
SEALIP/TH/NBJ/3 B20 377 1 AD 200 - 400 thumb ring
SEALIP/TH/NBJ/4 B21 371a 1 AD 200 - 400 bracelet
SEALIP/TH/NBJ/5 B21 371b 1 AD 200 - 400 bracelet
SEALIP/TH/NBJ/6 B21 371c 1 AD 200 - 400 bracelet
SEALIP/TH/NBIJ/7 B30 452a 1 AD 200 - 400 flat ring
SEALIP/TH/NBIJ/8 B30 452b 1 AD 200 - 400 ring
SEALIP/TH/NBIJ/9 B30 452¢ 1 AD 200 - 400 ring
SEALIP/TH/NBIJ/10 B35 591 1 AD 200 - 400 flat bracelet
SEALIP/TH/NBJ/11 B59 609 1 AD 200 - 400 flat bracelet
SEALIP/TH/NBJ/12 B86 879a 2 AD 400 - 550 bracelet
SEALIP/TH/NBJ/13 B86 879b 2 AD 400 - 550 bracelet
SEALIP/TH/NBJ/14 B90 929a 2 AD 400 - 550 flat bracelet
SEALIP/TH/NBJ/15 B90 929b 2 AD 400 - 550 flat bracelet
SEALIP/TH/NBJ/16 B90 929c¢ 2 AD 400 - 550 flat bracelet
SEALIP/TH/NBIJ/17 B90 930a 2 AD 400 - 550 flat bracelet
SEALIP/TH/NBJ/18 B90 930b 2 AD 400 - 550 flat bracelet
SEALIP/TH/NBJ/19 B90 930c 2 AD 400 - 550 flat bracelet
SEALIP/TH/NBJ/20 B91 941a 2 AD 400 - 550 flat bracelet
SEALIP/TH/NBJ/21 B91 941b 2 AD 400 - 550 flat bracelet
SEALIP/TH/NBJ/22 B134 1303a 2 AD 400 - 550 ring
SEALIP/TH/NBIJ/23 B134 1303b 2 AD 400 - 550 ring
SEALIP/TH/NBIJ/24 B134 1302a 2 AD 400 - 550 toe ring
SEALIP/TH/NBIJ/25 B134 1302b 2 AD 400 - 550 toe ring
SEALIP/TH/NBIJ/26 B134 1302¢ 2 AD 400 - 550 toe ring
SEALIP/TH/NBJ/27 B141 1355 2 AD 400-550 anklet
SEALIP/TH/NBIJ/28 B147 1505 2 AD 400 - 550 large flat bracelet
SEALIP/TH/NBJ/29 B167 1807a 2 AD 400 - 550 bimetallic ring
SEALIP/TH/NBJ/30 B167 1807b 2 AD 400 - 550 bimetallic ring
SEALIP/TH/NBJ/31 B167 1808a 2 AD 400 - 550 bimetallic ring
SEALIP/TH/NBJ/32 B167 1808b 2 AD 400 - 550 bimetallic ring
SEALIP/TH/NBIJ/33 B177 1870a 2 AD 400 - 550 bimetallic ring
SEALIP/TH/NBJ/34 B177 1870b 2 AD 400 - 550 bimetallic ring
SEALIP/TH/NBIJ/35 B177 1871a 2 AD 400 - 550 bimetallic ring
SEALIP/TH/NBIJ/36 B177 1871b 2 AD 400 - 550 bimetallic ring
SEALIP/TH/NBIJ/37 B190 1985 2 AD 400 - 550 silver ring
SEALIP/TH/NBJ/38 B192 1948 2 AD 400 - 550 bell
SEALIP/TH/NBIJ/39 N1 3:7 1679 2 AD 400 - 550 bell
SEALIP/TH/NBJ/40 B46 512a 3 AD 550 - 600 toe ring
SEALIP/TH/NBJ/41 B46 512b 3 AD 550 - 600 toe ring
SEALIP/TH/NBJ/42 B46 512¢ 3 AD 550 - 600 toe ring
SEALIP/TH/NBJ/43 B46 514a 3 AD 550 - 600 anklet
SEALIP/TH/NBJ/44 B46 514b 3 AD 550 - 600 anklet
SEALIP/TH/NBJ/45 B46 514c 3 AD 550 - 600 anklet
SEALIP/TH/NBIJ/46 B49 553 3 AD 550 - 600 bimetallic ring
SEALIP/TH/NBIJ/47 B49 554a 3 AD 550 - 600 ring
SEALIP/TH/NBJ/48 B49 554b 3 AD 550 - 600 ring
SEALIP/TH/NBJ/49 B49 554¢ 3 AD 550 - 600 ring
SEALIP/TH/NBJ/50 B49 542 3 AD 550 - 600 bracelet
SEALIP/TH/NBIJ/51 B71 679 3 AD 550 - 600 bracelet

@ Springer
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Table 2 (continued) Name Burial Cat# MP absolute period Artefact type
SEALIP/TH/NBIJ/52 B72 752 3 AD 550-600 finger ring
SEALIP/TH/NBIJ/53 B73 725 3 AD 550 - 600 toe ring
SEALIP/TH/NBJ/54 B75 713 3 AD 550 - 600 bracelet
SEALIP/TH/NBJ/55 B77 786 3 AD 550 - 600 earring
SEALIP/TH/NBJ/56 B82 839 3 AD 550 - 600 belt
SEALIP/TH/NBJ/57 B82 840 3 AD 550 - 600 belt
SEALIP/TH/NBIJ/58 B114 1134a 3 AD 550 - 600 bracelet
SEALIP/TH/NBJ/59 B114 1134b 3 AD 550 - 600 bracelet
SEALIP/TH/NBJ/60 B120 1190 3 AD 550 - 600 bracelet (C-section)
SEALIP/TH/NBJ/61 B120 1191 3 AD 550 - 600 bracelet
SEALIP/TH/NBJ/62 B120 1193 3 AD 550 - 600 earring
SEALIP/TH/NBJ/63 B120 1197 3 AD 550 - 600 bimetallic ring
SEALIP/TH/NBJ/64 B122 1223 3 AD 550 - 600 bracelet
SEALIP/TH/NBJ/65 B39 491 4 AD 600 - 850 bracelet
SEALIP/TH/NBJ/66 B45 522a 4 AD 600 - 850 ring
SEALIP/TH/NBJ/67 B45 522b 4 AD 600 - 850 ring
SEALIP/TH/NBJ/68 B66 635 4 AD 600 - 850 ring
SEALIP/TH/NBJ/69 B66 669a 4 AD 600 - 850 ring
SEALIP/TH/NBJ/70 B66 669b 4 AD 600 - 850 ring
SEALIP/TH/NBJ/71 B66 669c 4 AD 600 - 850 ring
SEALIP/TH/NBJ/72 B110 1385 4 AD 600 - 850 ring
SEALIP/TH/NBJ/73 B7 72a 4 AD 600 - 850 ring
SEALIP/TH/NBJ/74 B7 72b 4 AD 600 - 850 ring
SEALIP/TH/NBIJ/75 B7 78a 4 AD 600 - 850 bracelet
SEALIP/TH/NBJ/76 B12 334 4 AD 600 - 850 spiral
SEALIP/TH/NBJ/77 B12 400 4 AD 600 - 850 spiral
SEALIP/TH/NBJ/78 B32 470 4 AD 600 - 850 belt
SEALIP/TH/NBJ/79 Bé6la/b 613a 4 AD 600 - 850 ring
SEALIP/TH/NBJ/80 Bé6la/b 613b 4 AD 600 - 850 ring
SEALIP/TH/NBJ/81 B6la/b 613c 4 AD 600 - 850 ring

artefacts using unrefined copper. In this instance, this ‘dirty
bronze’ may have been imported as batches for Burial 167
& 177 funerary rites.

Silver

A regionally-novel aspect of the NBJ assemblage is the pres-
ence of silver alloys, or significant traces of silver in 11 sam-
ples dated MP2 to MP4 (Tables 2 & 1). These have global
silver concentrations ranging from 2000 ppm, with one sam-
ple (NBJ/22) having 1.1 wt. % Ag, and six (NBJ/37, 50, 61,
62, 65 & 72) having 25.8 to 86.5 wt. % Ag (Fig. 6). NBJ/22
is highly corroded (42.2 wt. % Sn & 1.2 wt.% Fe), so while
silver is certainly detected, we consider it a ‘bronze’ rather
than a silver alloy. However, the six samples with more than
25 wt. % Ag were examined by OM and SEM-EDS to ten-
tatively explain their composition and fabrication (Fig. 10).

NBIJ/37 (global 71.2 wt. % Ag, Table 1), a MP2 (AD
400 — 550) thin flat-section ring from Burial 190, is heavily

@ Springer

corroded but appears to have a lamellar structure, consistent
with it having been worked. The global composition also has
3 wt.% Sn and 1 wt. % Pb but curiously, no copper detected,
which may be a result of post-depositional modification, as
indicated by the 15 wt.% Cl. SEM-EDS area scan of the
better-preserved core confirms a predominantly argentifer-
ous phase,69 wt.% Ag, as well as the 1 wt.% Pb. However,
the 3 wt.% Sn seen with XRF is below detection limit, whilst
the copper missing in the bulk analysis appears at 1.2 wt.%.
SEM-EDS elemental mapping does not help us to distin-
guish the dispersion of Ag and Cu in the sample (Fig. 10)
and thus the ring’s construction is unclear.

NBIJ/50 (global 45.5 wt. % Ag, Table 1), an interrupted
round-section bracelet from MP3 (AD 550 — 600) Burial
49, but with two macroscopically visible phases in sec-
tion (Fig. 10), indicating that the XRF analysis is likely
to be highly unrepresentative. Microscopically, the sam-
ple has an incomplete encirclement of corrosion, up to 1
mm thick, followed by a silvery phase up to 1 mm thick,
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Table3 CRMs for the present Sample Sb Sn Bi Pb Zn Cu Ni Co Fe Mn Al S

study, as analysed with pXRF,

SEM-EDS and with certified B10 pXRF 12 72 bdl 41 29 832 1.1  bdl 02 bdl bdl bdl

(Vl.a;f"e; d%‘;f&gj:iggfggg llimit B10 SEM-EDS 17 66 bdl 36 30 827 10 bdl bdl bdl bdl bdl
B10 certified value 11 70 00 41 28 87 10 00 02 00 02 00
B12 pXRF 0.1 101 bdl 02 07 82 28 bdl 02 02 bdl bdl
B12 SEM-EDS bdl 95 bdl bdl 09 849 31 bdl bdl bdl bdl bdl
B12 certified value 01 96 00 02 06 8.7 26 00 02 02 01 00
51.13-4 pXRF bdl 03 bdl 01 04 910 bdl bdl 19 09 49 bdl
51.13-4 SEM-EDS bdl bdl bdl bdl 07 877 bdl  bdl 19 1.1 78 bdl
51.13-4 certified value 0.0 03 00 00 03 88 01 00 18 09 73 00
71.32-4 pXRF 03 64 bdl 43 7.1 805 08 bdl 04 bdl bdl bdl
71.32-4 SEM-EDS bdl 64 bdl 3.1 73 818 08 bdl 04 bdl bdl bdl
71.32-4 certified value 03 6.5 0.1 44 65 805 07 00 04 01 01 00
SRM-500 pXRF bdl bdl bdl bdl 0.1 997 0.1 bdl bdl bdl bdl bdl
SRM-500 SEM-EDS bdl bdl bdl bdl 04 994 bdl bdl bdl bdl bdl bdl
SRM-500 certified value 0.0 0.0 00 00 00 997 01 00 00 00 00 00
C1123 pXRF bdl bdl bdl bdl bdl 974 bdl 25 bdl bdl bdl bdl
C1123 SEM-EDS bdl bdl bdl bdl bdl 965 bdl 34 bdl bdl bdl bdl
C1123 certified value 00 00 00 00 00 974 00 23 00 00 00 00
SRM1275 pXRF bdl bdl  bdl bdl bdl 869 107 bdl 1.6 04 bdl bdl
SRM1275 SEM-EDS bdl bdl bdl bdl bdl 879 101 bdl 1.5 05 bdl bdl
SRM1275 certified value 0.0 0.0 00 00 01 82 98 00 15 04 00 00
L-20-1 pXRF bdl 05 bdl 03 144 842 02 bdl bdl 0.1 bdl bdl
L-20-1 SEM-EDS bdl 05 bdl bdl 146 840 bdl bdl bdl bdl bdl bdl
L-20-1 certified value 00 05 00 03 133 82 02 00 00 01 0.1 00
B21 pXRF 02 53 bdl 37 65 822 13 bdl 03 bdl bdl bdl
B21 SEM-EDS bdl 52 bdl 39 70 822 13  bdl bdl bdl bdl bdl
B21 certified value 02 51 00 38 62 8.0 12 00 03 00 01 00
B31 pXRF 05 80 bdl 106 08 794 0.6 bdl bdl bdl bdl bdl
B31 SEM-EDS 1.8 80 bdl 99 1.1 786 05 bdl bdl bdl bdl bdl
B31 certified value 05 77 00 118 08 786 05 00 00 00 00 00
UZ-52-3 pXRF 01 10 bdl 01 180 803 0.1 bdl 03 bdl bdl bdl
UZ-52-3 SEM-EDS bdl 10 bdl bdl 182 802 bdl bdl bdl bdl bdl bdl
UZ-52-3 certified value 0.1 1.1 00 0.1 170 811 01 00 03 00 00 00

and finally a coppery core up to 2.5 mm in diameter. All
uncorroded phases are cored and as-cast, with the silvery-
to-coppery boundary irregular but distinct. SEM-EDS area
scans of the silver-rich outer phase give highly comparable
data, with Cu concentrations giving way to Ag as expected
(Table 1). NBJ/50 offers no sign of the silvery layer having
been attached mechanically, as in a foil or leaf, and detailed
manual examination of the XRF spectra did not reveal any
mercury peaks, which might indicate amalgam silvering.
Thus immersion or depletion silvering remain the intentional
options, versus a very deep and regular post-depositional
corrosion.

NBJ/61 (global, 86.5 wt. % Ag, Table 1), a MP3 (AD
550 - 600) interrupted round-section bracelet from Burial
120, has a largely mono-alloy as-cast microstructure, with
some post-depositional corrosion phase of up to 300 pm

around half the perimeter (Fig. 10). SEM-EDS area scan
of the core indicates a reduced silver concentration of 57.8
wt.% (Table 1), with a greater proportion of copper (15.8 vs
10.3 wt. %), similar of lead (0.3 vs 0.2 wt.%), while tin is no
longer detected (0.9 vs 0.0 wt.%). The SEM-EDS detection
of silicon and chlorine suggests post-depositional corrosion
has had an impact throughout the sample. These factors
suggest NBJ/61’s constituent metal was alloyed fully and
allowed to cool slowly in the mould.

NBIJ/62 (global, 28.7 wt. % Ag, 66.3 wt. % Cu, Table 1),
a MP3 earring from burial 120, has two macroscopically-
visible phases: a copper-rich core of 1.5-2 mm diameter,
with a copper-depleted perimeter 0.5 — 1 mm thick (Fig. 10).
SEM-EDS area scan of the core highlights the higher copper
concentration of 70.1 wt.%, with correspondingly decreased
silver at 24.3 wt.%, and lead and arsenic concentrations

@ Springer
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stable (Table 1). The microstructure is cored, indicating
Q Q Q (5] Q . . .
2 g g g g g the artefact was left as-cast, while the diffuse and irregular
< s s s 5 s boundary between the two major phases, seen optically and
&8 é E E é E in elemental mapping (Fig. 10), suggests that post-deposi-
EE | (= ) a, = tional corrosion may be responsible for depleting copper
E p o o e = concentrations from the outside in.
= © - “ = - NBIJ/65 (global, 27.9 wt.% Ag, 70.3 wt.% Cu, Table 1),
%D z 2 z z 2 a MP4 bracelet from burial 39, also has two predominant
~ < =~ 3 < © phases, a copper-rich centre 1.5 — 3 mm in diameter, with an
@ «© @ - o < irregular outer layer up to 300 pm thick. The cored dendrites
N pE pE i g g throughout indicate the bracelet was left as-cast, and SEM-
_ _ _ _ _ EDS analyses of the outer phase (30.7 wt.% Ag, 63.4 wt.%
© © 2 o ° 2 Cu, Table 1) suggest the phasing is due to post-depositional
" < S 3 o 3 corrosion (Fig. 10). Likewise, NBJ/72 (global, 25.8 wt.%
Ag, 69.3 wt. % Cu, Table 1), a MP4 square-section ring
< B B B E B from burial 110, has two main phases, a copper-rich core
= = - - = = about 1.2 mm per side, with an irregular copper-poor layer
- < < - - up to 150 pm thick (42.9 wt.% Ag, 49.4 wt.% Cu, Table 1,
> 3 2 2 z 3 Fig. 16). The cored microstructure indicates the ring was left
- - = = 5 - as-cast, meaning the square-section of the ring was achieved
© - - - - = by casting or is not a real feature, while the irregular copper-
§ Z 2 2 2 2 depletion boundary sugges'ts post-depositional corrosion
o - - - produced the apparent phasing.
i ~ S — S — We will pursue the production techniques of these arte-
o = 5 5 = 5 facts in a future paper but for the purposes of raw materi-
Z S S S ° S L .
<« “ - ~ o als and provenance, we are inclined to view the above five
& 3 2 8 G @ artefacts as true silver-copper alloys, probably of varying
= E = E E 3 Ag-Cu ragos when produced, which hav§ beF:n exacerbated
by corrosion. Unfortunately, almost nothing is known about
= = e i p z MSEA silver production, and certainly no prehistoric pro-
- _ _ _ _ _ duction centres are recorded, so while we might assume
< S < ° 2 S cupellation of silver from (extensive) regional lead deposits
2 e N N < N (Charusiri et al. 2003), we cannot assume a correlation of
< S o o S o ) ” .
_ _ _ _ _ silver and lead concentrations; as seen in four of the NBJ
A B B 2 E 2 samples with trace silver, and only two of the silver-rich
- — 5 - - a samples, being ‘leaded’. We certainly do not have the qual-
A . . .
e “ = ° = ity of elemental data achieved by Schlosser et al. (2012) in
A z 2 2 2 2 their study of gold and silver alloys at Prohear, a Mid-Iron
- = = = = = Age (ca. 200 BC to AD 100) site in southeastern Cambodia,
N < - - < - ca. 550 km and at least three centuries earlier than Non Ban
2 E g g g g Jak. They wej‘re ablF: to look at Pt, Ir, Bi concentrations and
- _ _ _ _ _ the Pd/Pt ratio, which we cannot but we do note that of the
© 2 S S 2 2 16 NBJ samples with detectable gold concentrations (500
& § o > g g to 2500 ppm), the three highest values corresponded to the
samples (SEALIP/TH/NBJ/50,61,65) with substantial silver
7 = = = = S concentrations. This suggests electrum placer deposits in
o 3 E 3 £ E association with cassiterite may have been exploited but this
= is highly confused by the presence of copper and lead in the
2 % = same samples.
= L o o -
S|12 5| & 2 %D %D %ﬁ In summary, the NBJ copper-base assemblage seems to
i’ & EE ZE 2% 8E =z reflect a pool of mixed and potentially recycled imported
2|2 = E E = E é = E E = E E = E E alloys, all of which were reasonably adapted to ornamental
e |2 & 7 a & 2 applications (Table 6).
ringer
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Table5 SEM-EDS global elemental composition data for samples with unusual alloy compositions. Data are normalised (analytical
totals, 100%) and bdl is below detection limit. Alloys are indicated with elements in brackets if concentrations near the 1 wt.% alloy threshold

Name Object Alloy O Al Si S Cl Fe Ni Cu Zn As Ag Sn Sb Au Pb Bi Total

SEALIP/ ring Fe 275 bdl 07 01 07 124 03 375 bdl 03 bdl 203 01 bdl 0.1 bdl 100
TH/
NBIJ/29
SEALIP/ ring  Fe 259 bdl 1.7 01 1.8 225 04 332 bdl 05 bdl 137 bdl bdl 0.1 bdl 100
TH/
NBJ/30
SEALIP/ ring  Fe 268 0.1 13 bdl 1.0 299 05 285 bdl 03 bdl 11.6 bdl bdl 0.1 bdl 100
TH/
NBJ/31
SEALIP/ ring  Fe 217 bdl 05 03 03 180 04 342 bdl 03 bdl 241 03 bdl 0.1 bdl 100
TH/
NBJ/32
SEALIP/ ring  Fe 279 bdl 1.0 03 34 156 02 321 bdl 03 bdl 187 03 bdl 0.1 bdl 100
TH/
NBJ/33
SEALIP/ ring  Fe 205 bdl 05 02 88 21 bdl 392 bdl 02 bdl 280 02 bdl 02 bdl 100
TH/
NBJ/34
SEALIP/ ring  Fe 186 bdl 06 01 23 53 01 487 bdl 02 bdl 238 02 bdl 02 bdl 100
TH/
NBJ/35
SEALIP/ ring  Fe 183 bdl 08 02 28 29 01 402 bdl 04 bdl 336 04 bdl 0.1 bdl 100
TH/

NBJ/36

SEALIP/ ring (Pb) 82 13 24 bdl 170 02 bdl 12 bdl 01 686 bdl bdl bdl 1.0 bdl 100
TH/ Ag

NBJ/37

SEALIP/  bangle Ag 120 bdl 1.5 01 07 01 bdl 362 bdl 02 469 1.8 bdl 0.1 05 bdl 100
TH/
NBJ/50
SEALIP/  bangle Ag 187 03 56 01 11 02 bdl 158 bdl 01 578 bdl bdl bdl 02 bdl 100
TH/

NBJ/61

SEALIP/  ear- Ag& 16 bdl 01 bdl 1.7 bdl bdl 70.1 bdl 12 243 bdl bdl 0.1 09 bdl 100
TH/ ring As

NBIJ/62

SEALIP/ bangle Ag 25 bdl 01 bdl 22 bdl 01 634 bdl 02 307 02 bdl 02 04 bdl 100
TH/

NBIJ/65

SEALIP/ ring Ag 36 bdl 02 01 19 bdl bdl 494 bdl 06 429 0.6 bdl 02 0.5 bdl 100
TH/

NBIJ/72

SEALIP/ bangle (Pb) 1.6 bdl 02 03 04 07 01 751 bdl 38 03 148 04 01 20 03 100
TH/ As

NBJ/12

SEALIP/ bangle (Pb) 23 bdl 0.1 03 04 07 01 755 bdl 35 02 142 04 0.1 1.9 03 100
TH/ As

NBJ/13

SEALIP/  toe (Pb) 225 03 188 02 13 02 bdl 429 bdl 1.0 01 59 bdl bdl 69 bd 100
TH/ ring As

NBJ/53 &

SEALIP/ bangle (Pb) 15 bdl 02 02 1.1 03 bdl 850 bd 42 03 55 02 02 12 02 100
TH/ As
NBJ/64

@ Springer
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Table 5 (continued)

Name Object Alloy O Al Si S Cl Fe Ni Cu Zn As Ag Sn Sb Au Pb Bi Total
SEALIP/ ring (Pb) 84 bdl 02 03 39 07 01 601 bd 13 bd 168 04 0.1 74 0.1 100
TH/ As

NBJ/71

SEALIP/  bangle Zn 214 bdl 07 01 28 43 01 338 bdl 05 bdl 356 05 bdl 02 bd 100
TH/

NBJ/21

SEALIP/  toe (Pb) 32 bd 01 04 20 01 01 709 bd 04 02 106 04 02 11.4 bdl 100
TH/ ring  Zn

NBJ/41

SEALIP/  toe (Pb) 81 bdl 07 1.0 73 bdl bdl 44 bdl bdl 08 bd 03 00 760 1.6 100
TH/ ring Zn

NBJ/42

NBJ/37 20x etch NBJ/50 20x no etch

NBJ/65 20x etch

NBJ/37

Fig. 10 (upper) Reflected light micrographs of samples NBJ/37, 50,
61, 62, 65 & 72, with details of the silver-rich and copper-rich phase
interface for NBJ/62 & 72. (lower) SEM-EDS elemental maps for

Lead isotopic

As can be seen in Fig. 11, the NBJ copper-base assemblage
LI data distribution is not homogeneous. It does have some
clustering potentially indicative of multiple raw mate-
rial sources but even with individual samples labelled, the
patterning is not readily identifiable. The presence of LI

@ Springer

NBJ/61 20x etch

NBJ/72 20x etch

NBJ/62 20x etch NBJ/62 100x etch

NBJ/72 20x NBJ/72 20x etch

NBJ/72

copper-rich/silver-rich samples NBJ/37, 50, 61, 62, 65 & 72, with Ag
distributions highlighted in yellow above, and Cu in light blue below

clustering is to be expected from a large and typo-compo-
sitionally varied sample population from a long-lived site.
Nevertheless, some order can be brought to the data by plot-
ting the samples by mortuary phase (Fig. 12). This shows a
clear but not absolute distinction between mortuary phases
1 and 2, and 3 and 4, which could be interpreted as metal
supply networks shifting during the 6 c. AD.
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Table 6 (continued)

207pp2%ph  err (26) 200pp207py  err (26) 208pp206py  err (26)

err (20)

208Pb/204Pb

err (20)

207 Pb /204Pb

err (20)

206Pb/204Pb

Name

0.00008

2.1133
2.1124
2.1131
2.1166
2.1174
2.1168

0.00002

1.1659
1.1693
1.1727
1.1693
1.1691
1.1692

0.00002

0.8577
0.8552
0.8527
0.8552
0.8554
0.8553

18.3460 0.001 15.7260 0.001 38.7718 0.003
18.3902 15.7188

18.4039

18.3658

18.3584
18.3632

SEALIP/TH/NBIJ/76

0.00002 0.00002 0.00008

0.003

38.8482
38.8887

0.001

0.001

SEALIP/TH/NBIJ/77

0.00008

0.00002
0.00002
0.00002
0.00002

0.00002
0.00002
0.00002

0.003
0.00002

0.001

15.6847
15.6978
15.6947
15.6961

0.001

SEALIP/TH/NBIJ/78

0.00008

0.002
0.004
0.004

38.8757
38.8739
38.8728

0.001

0.001

SEALIP/TH/NBIJ/79

0.00009

0.001

0.001

SEALIP/TH/NBIJ/80

0.00009

0.001

0.001

SEALIP/TH/NBJ/81

Unfortunately, such a chronological tendency, at an
admittedly critical period of state formation in northeast
Thai history, cannot be reliably deduced from the LI data. As
Fig. 13 shows, the lead concentration of MP1 & 2 samples
is, on average, substantially lower than those of MP3 & 4
samples. Hence, we may be looking at a trend from unleaded
to leaded alloys - from predominantly copper LI signatures
to predominantly lead LI signatures - rather than a shift in
sources of copper.

Plotting the samples’ LI ratios by their broad typological
category is somewhat informative but the question of alloys,
particularly whether leaded or not, obscures interpretative
potential (Fig. 14). Likewise, plotting the NBJ samples by
alloy reveals some groupings but the typological information
is missing (Fig. 15). A potential solution is to combine these
categories, as ‘alloy-types’, with typology as the first sorting
criterion, being more definitively constituted, followed by
alloy sub-groups (Fig. 16). Although there are some differ-
ences, it is clear the patterning thus revealed is far closer to
that for typology (Fig. 14) rather than alloys (Fig. 15).

This suggests metal artefact demand by NBJ consumers
was more driven by the shape of the finished product than
the aesthetic or mechanical properties of the alloy. Critically,
without arguing for the deliberate exclusion of one type of
assemblage rather than another, this understanding would not
have been achieved without our sampling of complete and
recognisable funerary artefact types, rather than the typically
fragmentary and unidentifiable remains from occupation con-
texts. Plotting by alloy-type does offer some interpretative
advantage over typology alone. For example, we can dis-
tinguish a tight cluster of bronze finger rings (NBJ/79-81),
which are three of a series from MP4 Burial 61. We can thus
deduce that the individual likely acquired all three rings at
the same time directly or indirectly from the same second-
ary producer, or they were placed on their hand postmortem
by the individual’s successors by the same supply network.
The same can be said for a pair of bronze rings (NBJ/22-23)
from MP2 Burial 134 and another pair (NBJ/8-9) from MP1
Burial 30. It should be noted that NBJ/7, also from Burial 30,
does not plot quite so closely to its neighbours on the same
finger, as although it is bronze it was recorded as a ‘flat ring’.
This suggests the typological distinction may have some
value in discerning productions separated if not by actual
workshop but perhaps by time — with different production
episodes having subtle variations in feedstock.

Other consistencies include the three bronze toe rings
(NBJ/24-26), also from MP2 Burial 134, indicating they
were obtained as a ‘lot” with the finger rings (NBJ/22-23),
and bronze bracelets (NBJ/4—6) from MP1 Burial 21. This
cluster is constrained to periods MP1 & 2, likewise hint-
ing at a chronological component to the sourcing of the
constituent raw materials. Of the three bronze belts, two
(NBJ/56-57) plot closely and come from MP3 Burial 82,
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Fig. 13 Box and whisker plot for lead concentration of NBJ samples, sorted by mortuary phase

while the third (NBJ/78) comes from MP4 Burial 32. How-
ever, one must also avoid an excessive focus on numbers, as
the three bronze anklets (NBJ/43—45) have over 1% urano-
genic variation but are still all from MP3 Burial 46 and, in
the grand scheme of things, probably still represent a single
acquisition episode.

Overall, the alloy-type plot gives an impression of con-
sistency in metal supply, both by individual burials and
groups of related artefacts, and also by phase. These find-
ings correspond well with our initial interrogation of the
NBJ LI dataset, by manually assigning clusters to artefacts
with triply-consistent LI ratios (Fig. 17).

The following clusters are arranged in order of urano-
genic variation, based upon the first member of each group
but also represent actinium series and thorogenic variation.
The groups could probably be consolidated in places but we
pursue the data interrogation as is, with notes on the nature
and quality of the apparent consistency.

Cluster 1: NBJ/41-42, leaded bronze toe rings from MP3
Burial 46. A solid group of alloy-type and context.

Cluster 2: NBJ/38 & 61, MP2 leaded bronze bell from
Burial 192 and MP3 silver copper bracelet from Burial 120.

@ Springer

A less reliable group, mixed alloys and types. Silver could
be lead-derived.

Cluster 3: NBJ/4-6, 22-26, bronze bracelets, finger and
toe rings from MP1 Burial 21 and MP2 Burial 134. A reli-
able group of alloy and context characteristics. These two
burials are located 25 metres apart on the western mound.

Cluster 4: NBJ/74-75, leaded bronze rings from MP4
Burial 7. A solid group of alloy-type and context.

Cluster 5: NBJ/10 & 40, leaded bronze flat bracelet and
toe ring from MP1 Burial 35, an old adult female, and MP3
Burial 46, an adult. These burials were separated by time,
but were only two metres apart. A reliable alloy group with
typological difference and chronological variation, and we
note that NBJ/40 was on the same finger as NBJ/41-42
(Cluster 1), showing that some artefacts were accrued from
different sources/markets, potentially over time.

Cluster 6: NBJ/7, 30 & 32, bronze flat ring and two
‘bimetallic rings’ from MP1 Burial 30 and MP2 Burial 167,
both infants buried 200 metres apart. A reliable alloy group
with some chronological variation and sub-group contextual
and typological consistency.

Cluster 7: NBJ/8-9 & 36, bronze rings and bimetallic
ring from MP1 Burial 30 and MP2 Burial 167 A reliable
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alloy group with some chronological variation and sub-
group contextual and typological consistency. We note the
NBJ/8-9 rings are from the same finger as NBJ/7 in Cluster
6, and that NBJ/36 bimetallic ring is from the same finger as
NBJ/30-32 in Cluster 6. This suggests either the accrual of
artefacts from different sources/over time, or that Clusters 6
& 7 should be combined.

Cluster 8: NBJ/51, 60 & 69, leaded bronze bracelets and a
ring from MP3 Burial 71 a mid adult female, Burial 120, mid
adult male and MP4 Burial 66, and infant. A reliable alloy
group with some chronological variation and chronological
consistency. A shared source of lead persisting over time and
across multiple individuals interred in proximity to each other.

Cluster 9: NBJ/33 & 46, bronze bimetallic rings from
MP2 Burial 177, an infant and MP3 Burial 49, a young
male. A reliable alloy-type group with some contextual and
chronological variation. A shared source of copper persisting
over time and shared by burials located ca. 200 metres apart.

Cluster 10: NBJ/ 39, 44-45, 79, 80-81, bronze bell,
anklets and rings and a silver-bronze ring (NBJ/72) from
MP1 Burial 61, a female, MP2 Burial 167, MP3 Burial 46
and MP4 Burial 110, a young man . A reliable alloy group
present in all four mortuary phases. We note that NBJ/44-45
do not plot with NBJ/43, similarly a bronze anklet from the
same burial, suggesting accrual of artefacts from different
sources/over time for the same individual.

Cluster 11: NBJ2 & 15, bronze spiral and flat bracelets
from MP1 Burial 18 and MP2 Burial 90, both infants. A
somewhat reliable alloy group with some typological and
chronological variation, which could nevertheless potentially
be combined with Cluster 10.

Cluster 12: NBJ/1 & 56, bronze bracelet and belt from
infant MP1 Burial 18 and MP3 Burial 82, an old male. A
somewhat reliable alloy group with some typological and
chronological variation, which could nevertheless potentially
be combined with Cluster 10.

Cluster 13: NBJ/14, 16-19, bronze flat bracelets from
MP2 Burial 90. A reliable alloy-type and chrono-contextual
group, with similar artefact NBJ/15 from Cluster 11 only
marginally different.

Cluster 14: NBJ/59, 67-68 & 70, leaded bronze bracelet
and rings from MP3 Burial 114, aged about 15-18 years
and MP4 Burials 45, an old male and 66, a three-year old. A
reliable alloy group with some typological and chronologi-
cal variation. We note NBJ/69, from the same individual as
NBIJ/68 & 80 is the same alloy-type but in Cluster 8, sug-
gesting artefact accrual from multiple sources/over time.

Cluster 15: NBJ/20-21, bronze flat bracelets from MP2
Burial 91, an infant. A somewhat reliable alloy-type and
chrono-contextual group from the same individual but could
potentially be combined with Cluster 13, from the neigh-
bouring burial of the same phase.

Cluster 16: NBJ/53 & 66, leaded bronze toe and finger
ring from MP3 Burial 45, an old male, and 73 a child of
about 3 months. A reliable alloy-type and chronological
group, suggesting a shared lead source for artefacts for mul-
tiple individuals.

Cluster 17: NBJ/12 & 13, leaded bronze bracelets from
MP2 Burial 86, an 8-month old infant. A reliable alloy-type
and chrono-contextual group from the same individual.

Discussion
Intra-site

Clearly, our study of the NBJ metals assemblage is primarily
funerary in nature and cannot directly be used to interpret use
of metals and metallurgy in everyday life. That said, our sam-
pling does largely reflect the settlement:cemetery distribu-
tion of NBJ metal finds, with apparently little loss or discard
of metals around the homes and workspaces. Furthermore,
while we have been able to identify whether assemblages
of typologically similar artefacts on the limbs or append-
ages of deceased individuals were acquired from the same
producer or intermediary, we have not studied every single
artefact from every group, as our Japanese colleagues have
sometimes done (Hirao and Ro 2013). This is a reflection of
curatorial considerations, as LIA is always at least micro-
destructive and permission will not be given (nor should
it really be sought) for 100% sampling; and the perennial
issue of cost, which for LIA is considerable. Nevertheless,
we consider that our results demonstrate strong tendencies
in NBJ funerary non-ferrous metal consumption behaviour,
with individuals frequently interred with groups of anklets,
bracelets or rings that were obtained from single (human, not
geological) sources. When comparing the mortuary contexts
for the different clusters of copper-base artefacts, we find
that adult men, women and infants shared ornaments from
the same potential source, and that these same sources were
found in different mortuary phases. There appears to have
been no restriction between the source of an ornament and
the mortuary phase, age or sex of the individual wearing it.
We will deal with silver alloys below but at NBJ there
was a strong trend from consuming unleaded alloys in MP 1
and 2, to leaded alloys in MP 3 and 4. For the most part we
suspect that our alloy groups are not historically accurate,
in that the elemental data are distorted by extreme post-dep-
ositional alteration, but our alloy-type groups convincingly
indicate there were workshops producing batches of typo-
logically similar artefacts from the same feedstock. This may
have been just a few workshops, with their raw metal sup-
ply varying over time, or many foundries using a multitude
of primary metal suppliers and/or metal recycling pools.
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Resolving this question satisfactorily will require the full
technological and geochemical analysis of secondary pro-
duction workshops from a wide range of places and periods.
While NBJ did not have any evidence for foundry activity,
this high-density sampling of a long-lived site is nonethe-
less a significant step forward for understanding diachronic
trends in Iron Age MSEA metal supply, which is our next
stop.

Primary production

Only three prehistoric copper producing loci are currently
known and technologically and geochemically studied in
MSEA: the Khao Wong Prachan Valley (KWPV) in central
Thailand (Pryce et al. 2010, 2011a, 2024; Cadet et al. 2024),
Phu Lon (PL) in northern Thailand (Pryce et al. 2011b), and
the Vilabouly Complex (VC) in central Laos (Pryce et al.
2014; Cadet et al. 2019, 2022). A lead producing locus,
Song Toh (ST) in west-central Thailand, is also known and
geochemically characterised (Hirao and Ro 2013) but the
chronology and technology are unstudied. Of these loci, the
KWPYV is by far the closest, at ca. 165 km geodesic west,
followed by PL at 325 km north, ST at 350 km west, and
VC at 450 km geodesic northeast. You would therefore be
forgiven for assuming that the KWPV primary copper pro-
duction site cluster, which includes Khao Sai On, Nil Kham
Haeng, Non Pa Wai, Phromatin Tai and Tha Kae, was the
mostly likely candidate for NBJ copper-base consumption.
This assumption would be grievously erroneous (Fig. 18),
as not one of the 79 NBJ samples, of which 51 are unleaded,
is even remotely consistent with the KWPV, nor with PL.
This outcome is not surprising as the lack of distribution for
central Thai copper has been noted for many years (Pryce
et al. 2014, 2017b, 2023), and has recently been confirmed
within the producing region itself (Pryce et al. 2024) — cop-
per smelters at Khao Sai On, Phromatin Tai and Tha Kae all
imported copper/bronze from the VC or a primary producer
with a very similar signature. This might have been a chrono-
logical issue, as while the main KWPYV sites of Non Pa Wai
and Nil Kham Haeng were certainly active in the Bronze Age
(Higham et al. 2020b), it is uncertain they were producing
copper in the Iron Age. However, recent analyses demon-
strate that Khao Sai On, Phromatin Tai and Tha Kae all have
production phases contemporaneous with NBJ (Cadet et al.
2024), so it is apparent that NBJ consumers did not get their
metal from the nearest available source. There is consistency
between some NBJ leaded artefacts and the ST signature in
west-central Thailand, which is interesting as the lead metal
or leaded alloys so sourced would have likely transited the
copper producing region of central Thailand in order to reach
northeast Thailand. Of course, were west-central Thai lead
to be alloyed with central Thai copper, the LI signature of
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the latter would be completely overwhelmed by the former
but in the recent KWPV area case study, it was interpreted
as unlikely that this was occurring (Pryce et al. 2024). In any
event, it is clear there were other lead producing communities
of whom we have as yet no trace.

However, while it would initially appear that NBJ
unleaded metal is consistent with copper production at
the VC, closer examination suggests that the hegemony of
VC copper supply does not give the full picture for NBJ
(Fig. 19). Archaeometallurgical research by Cadet et al.
(2019, 2021, 2022) has demonstrated that the VC copper
ingot typologies have subtly varying LI signatures, doubt-
less related to the differential exploitation of closely-related
copper mineralisations in the locality. Importantly, the bow-
tie ingots are stratigraphically the oldest, potentially Bronze
Age, whereas the conical ingots are certainly Iron Age, and
the bowl ingots are uncertain having been found by UXO
teams. When we examine the LI data clouds, we see the
bowtie ingots are highly consistent with each other, and
inconsistent with NBJ consumption. Conversely, there is
some consistency between some of the NBJ unleaded arte-
facts and the conical and bowl ingots, which would make
sense due to Iron Age contemporaneity. That does leave,
however, a considerable proportion of the NBJ unleaded
copper-base assemblage that is not closely compatible with
the VC signature but for which the general consistency
implies there are further unknown copper producers in the
area. This is a perfectly reasonable outcome, and was always
accounted for within the SEALIP/BROGLASEA methodol-
ogy (Pryce et al. 2011b, 2014), in that increasing LI data
density would lead to multiple interpretative revisions as
resolution increased our capacity to discern new patterns.

We now turn to the issue of ‘bimetallic’ artefacts, so
called as they were thought by the excavators, at NBJ and
other regional sites, to be made of iron or an iron-copper
alloy due to their mass and reddish corrosion products. As
addressed above in elemental results, these artefacts are not
made of iron but in their latter suggestion the excavators are
partially correct, in that they have elevated iron contents.
However, this is not due to the deliberate alloying of iron
and copper, which would be impossible as iron has too high
a melting temperature to be made liquid in protohistoric
MSEA. Rather it is due to either the smelting of copper
from ferruginous ore or fluxed with iron oxide in excessively
reducing conditions, or because of the post-depositional
environment, or a combination of the two. Intriguingly,
‘bimetallic’ ingots were noted by the excavators at the Vila-
bouly Complex, again assumed to be iron but actually copper
(Cadet et al. 2019). Therefore, we checked the LI consist-
ency of NBJ bimetallic rings and the VC bimetallic ingots,
which showed some but by no means outstanding corre-
spondence. Nevertheless, we consider it highly inadvisable
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to assume unanalysed ‘rusty’ objects are iron as opposed to
unrefined copper/bronze, which may indeed be the case for
BNW artefact cat. 617 in Bronze Age 4 Burial 34 (White
and Hamilton 2018: 87).

Secondary production and consumption

We lack comprehensive studies of secondary production
workshops, which might identify consistent signatures in
metallurgical paraphernalia, e.g., crucibles and moulds,
consistent with finished artefacts from consumption sites.
Therefore, we are obliged to jump to the stage of comparing
Iron Age copper-base and leaded copper-base consumption
assemblages, which we will do in order of proximity.

Northeast Thailand

NBJ is part of a site cluster in the Upper Mun River Valley:
BLK, BNW, NUL and NMK, investigated over three decades
by the Origins of Angkor Project (Fig. 2). Regrettably, BLK,
NUL and NMK were all excavated prior to SEALIP/BROGLA-
SEA’s initiation in 2008 (Higham and Thosarat 2004; Higham
et al. 2007), and thus their assemblages were not incorporated
in the regional study. However, 20 BNW samples, 10 each from
Bronze and Iron Age contexts, were sampled in 2009 (Pryce
2011; Pryce et al. 2014) and a single NUL unleaded bronze
ornament (Cat. #504) from Mortuary Phase 4 infant Burial
25 in Cluster B (Higham et al. 2007: 193). Also in northeast
Thailand, but located around 250 km north in the Chi River
catchment, Iron Age samples from Ban Chiang (SEALIP/TH/
BC/13-17) and Don Klang (SEALIP/TH/DK/1-3) were sam-
pled in 2009 (Pryce et al. 2014; Pryce 2019).

The sole NUL bronze sample is broadly consistent, as
might be expected given the site’s proximity, but with-
out any standout associations (Fig. 20). From also neigh-
bouring BNW, three Iron Age 1 (420-200 BC) samples
(BNW/11-13), a lead fragment and two leaded bronze
‘cordiforms’ (a shape recognisable in the KWPV as cop-
per ingots but here not the case as they are leaded alloys)
from Burials 417 and 482 are consistent with NBJ/37, the
MP2 (AD 400-550) silver ring. This suggests the latter’s
silver may have been cupellated from an argentiferous lead
source also exploited for lead metal up to eight centuries
earlier (BNW/11 has 0.5 wt. % Ag). Furthermore, BNW/19,
an Iron Age 3 (AD 200-400) bronze spiral ornament from
Burial 111 has good consistency with NBJ Cluster 3, Iron
Age 3 leaded bronze (BNW/17) and bronze (BNW/18)
bracelets from Burial 101 have general consistency with
NBJ Clusters 10—-11, BNW/15 & 20, an IA1 leaded bronze
bracelet from Burial 232 and an A4 (AD 300-500) bronze
vessel are broadly consistent with NBJ Clusters 6 & 7 and
BNW/16, an IA2 (200 BC - AD 200) bronze bracelet from
Burial 266 plots in the cloud of dispersed NBJ samples more

uranogenic than Cluster 17. In all these cases the BNW sam-
ples plot within the NBJ data clouds, and in the specific
cases of cluster consistency it is possible they were acquired
from the same producer or intermediary at both sites.
Moving further afield, BC offers far less compatibility,
probably due to the much greater distance and thus dissimilar
transportation and metal networks. BC/15, a late Iron Age
bronze wire, shows consistency with NBJ Clusters 4 and pos-
sibly 5, but these are leaded bronzes and thus the association
may be coincidental. DK/2 & 3, late Iron Age and late Iron
Age/Early Historic bronze bracelets, respectively, have rea-
sonable but not specific consistency with NBJ bronzes, while
DK/1, another late Iron Age bronze bracelet, has even less
compatibility but still more than most BC samples.

Central Thailand

We have already established the lack of NBJ compatibil-
ity with central Thai copper production signatures, and this
extends to a number of the consumption signatures: Ban Mai
Chaimongkol, KSO and PTT (Fig. 21). Ban Pong Manao
(BPM) presents two interesting patterns, firstly in the broad
consistency of BPM leaded artefact signatures with those
from NBJ, and secondly in the near total incompatibility of
BPM unleaded artefacts with those from NBJ. Two excep-
tions, bronze bracelets BP1805 and BP1807, exhibit reason-
able consistency with NBJ Clusters 6 & 7 but generally we
can say that BPM and NBJ have dissimilar supply networks
for copper but potentially overlapping supply networks for
lead. The Ban Khu Muang samples are all leaded and, like
some of the BPM leaded samples, are highly consistent with
NBJ Cluster 2. The single leaded copper sample from Ban
Pong Takhob is broadly compatible with NBJ leaded alloys
but not to any specific cluster. The sole unleaded alloy from
Sab Champa, a bronze axe, has no compatibility with NBJ
unleaded samples but SCP/2, a leaded bronze bracelet has
general consistency with NBJ leaded samples, and SCP/3, a
leaded bronze animal figurine, is highly consistent with NBJ
Cluster 2. Overall, the central Thai comparators suggest that
while NBJ shared little to no copper/bronze sources, they
did share lead sources. As these sources, particularly Clus-
ter 2, may be in west-central Thailand, it implies that that
lead exchange network traversed central Thailand without
participating in local copper exchange markets.

NW Cambodia

The two Lovea leaded samples have internally variant values
but are broadly consistent with the NBJ leaded alloy range
of LI ratio values (Fig. 22). Conversely, the Lovea unleaded
samples are internally highly consistent and are also compat-
ible with NBJ Clusters 10—13. Of the Prei Khmeng leaded
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bronzes, fragment PKM/8 is highly radiogenic and plots off
the scale, PKM/2, a lead strip, has reasonable consistency
with NBJ leaded artefacts, but PKM/10, a leaded bronze
bracelet, is consistent with Cluster 8. Like Lovea, the Prei
Khmeng unleaded artefacts are internally consistent and
likewise compatible with Clusters 10—13. The relatively few
Phum Snay leaded artefacts have good compatibility with
NBJ leaded Clusters 14, 16 & 17 but it is with Phum Snay’s
unleaded artefacts that we observe particularly interesting
patterning. The granularity of Phum Snay’s LI data (Hirao
and Ro 2013) has previously been noted and re-interpreted to
potentially represent offerings within specific burials (Pryce
et al. 2017b). Plotted against NBJ unleaded samples there
is a general consistency but also two instances of high com-
patibility: firstly with Clusters 10 & 11, and secondly with
Cluster 3.

We find the latter more intriguing, as Cluster 3 is better
distinguished than the others and represents NBJ MP1 & 2
middle-aged and elderly male Burials 21 & 134. The Phum
Snay bronze samples plotting in and around Cluster 3 were
from Burial 6 in the upper levels of Location L of the 2010
Japanese excavation, dating to around the 1* ¢. AD (Hirao
and Ro 2013: Table 8.15). There is some difficulty cross-
referencing with the Phum Snay funerary data (Matsushita
and Matsushita 2013) but it appears Burial 6 was a male
of 156-161 cm height, interred in a flexed supine position
with his head to the east. He is described as "mesokran",
with a "short and broad" facial cranium, "alveolar progna-
thism" and not having undergone teeth removal or sharpen-
ing like other individuals from the cemetery. We leave it to
our bioarchaeologist colleagues to establish whether there is
a potential connection between the burials associated with
Cluster 3, however, to the best of our knowledge, this is the
first time in MSEA that the grave goods of specific indi-
viduals can be archaeometrically-linked, not just in differ-
ent cemeteries but different provinces and countries. This is
not, of course, to say that no attributes have previously been
noted between northeast Thailand and northwest Cambo-
dia — this being the basis of the P2P project. In addition to
moated sites (O’Reilly and Scott 2015; O’Reilly et al. 2017),
funerary data also show shared traditions of individuals been
laid upon beds of rice and with offerings of pig limbs, as
well as the presence of distinct pottery types, like ‘Phimai
black’ (Lim 2020; O’Reilly et al. 2020). Notably, as all the
linked individuals are mature males, this patterning supports
regional interpretations, mostly based on strontium isotope
studies, for matrilocality being commonly practiced (Bentley
et al. 2021).

Furthermore, a recent study of NBJ glass beads (Dussub-
ieux et al. 2024), offers elemental and isotopic results against
which we can compare elemental glass data from northwest
Cambodia (Carter et al. 2023) and our metals data. Potash
glass is rare at NBJ, as opposed to peninsular Thailand and
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Myanmar but this may be due to the earlier chronology of
those sites. However, m-Na-All glass is found in all NBJ
phases, as it is at nearby Iron Age BNW and NUL and at
Phom Lovea, Phom Sophy and Prei Khmeng in northwest
Cambodia. Not only do these glass types align with our met-
als data in tying these sites together as part of Carter et al.’s
(2023) post AD 200 “Mekong Interaction Sphere”, but also
links to southern India/Sri Lankan glass supply networks
(Dussubieux et al. 2024); themselves several centuries later
than the other South Asian glass types associated with the
earliest Iron Age sites in littoral MSEA (Dussubieux and
Bellina 2018).

At this juncture we would like to push the interpretative
boat out — why should some of our unprovenanced metal
artefact clusters not find their source in South Asia? By the
time NBJ was occupied, South-Southeast Asian contact had
been in operation for up to seven centuries, including the
limited movement of South Asian stone specialists (Bellina
2003, 2014, 2017), with exchange of pottery (e.g. North-
ern Black Polished Wares, Bouvet 2017), food and/or crops
(Castillo 2017) and the aforementioned glass (Dussubieux
and Bellina 2017) well established. Why not then metal,
especially as we see South Asian-associated metallurgy from
the earliest contact periods (Pryce et al. 2017a; Pryce and
Bellina 2018) and there is even limited aDNA evidence for
South Asian individuals in Cambodia during the early cen-
turies AD (Changmai et al. 2022). We certainly do not argue
for partial South Asian metal supply as a certainty or truth
but given the near total lack of non-ferrous archaecometallur-
gical research in southern India (with the exception of some
Chola bronzes, Srinivasan 1999), we absolutely consider it
an avenue worthy of investigation.

Conclusion

The study of 79 Non Ban Jak non-ferrous metal artefacts
demonstrates beyond reasonable doubt that the nearest
copper supply, from central Thailand, was not a source but
that lead metal, and possibly silver, from west-central Thai-
land were likely exchanged through to northeast Thailand.
Numerous clusters of high lead isotope ratio consistency
artefacts have been noted throughout the NBJ cemetery,
accounting for alloys, phases and typologies, suggesting
widespread and persistent acquisition of finished copper-
base artefacts from a range of, potentially secondary, pro-
ducers. The Vilabouly Complex of central Laos is present
as a copper supplier to NBJ but, given much greater data
density and the detection of subtle variations in LI data pat-
terning, not as the dominant source as has been thought for
the last fifteen years. This rather depends on the definition
of the Vilabouly Complex, as the similarity of some of the
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LI signatures suggests further, unknown, primary copper
producers remain to be found in central Laos.

We have identified multiple consistencies with grave good
copper-base metal consumption in neighbouring contemporary
cemeteries at Ban Non Wat and Noen U-Loke but only weak
compatibility with copper-base consumption assemblages in
central Thailand. Lead-base consumption patterning, however,
seems consistent across the two regions. Furthermore, we have
not only established multiple links with copper-base consump-
tion assemblages at Prei Khmeng, Phum Lovea and Phum Snay
in northwest Cambodia, we have associated contemporary
individual burials at Non Ban Jak and Phum Snay, which we
believe is a regional material culture first. Non Ban Jak was,
on pottery, glass, funerary practice and now nonferrous metals
data, an active member of the ‘Mekong Interaction Sphere’,
likely exchanging salt for exotic goods. Finally, given the num-
ber of unknown LI signatures in the NBJ assemblage, and pre-
existing links to South Asia, we propose the investigation of
southern Indian copper mineralisations as potential sources for
some MSEA later Iron Age copper-base metal consumption.
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