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Stable isotope analysis
Sample preparation and pretreatment
Sample pretreatment was performed at the Advanced Analytical Centre (AAC) on the Bebegu Yumba campus of James Cook University, Townsville following published protocols (Ventresca Miller et al. 2018). The outer surfaces of the teeth were abraded using a Dremel® diamond wheel point to remove any contaminants. Two enamel chips weighing approximately 10-20mg each were sampled from each tooth using a Dremel® EZ Lock Diamond Wheel with a Dremel® cordless tool coupled to a Dremel® workstation. The equipment, drill tip, and wheel were cleaned between each sample using 0.5 M HCl and then washed with ethanol. Any adhering dentine was removed using a Kincrome engraving pen. For each individual, one enamel chip was placed in a sterile tube and the other was crushed in an agate mortar with the pestle and transferred to a sterile tube using Whatman® weighing paper. 

Samples were placed in sterilised microcentrifuge tubes. 1% NaClO (sodium hypochlorite) was added to each sample using a disposable pipette and then agitated in a vortexer for 2 minutes. The NaClO was discarded. 2mL of ultrapure water (milliQ) was added to each sample and then agitated for 2 mins. This was repeated three times in total, discarding and replacing the water each time. For each sample, 0.1mL of 0.1M acetic acid was added for each 1mg of enamel using an autopipette and disposable tips, vortexed and then rested for 10 minutes. The samples were centrifuged in a microcentrifuge at 13,700xg for 2 minutes. The acid was discarded. 2mL of milliQ was added to each sample and centrifuged again for 2 mins. This was repeated three times in total until neutrality was reached. Each microcentrifuge tube was covered with parafilm and punctured. The samples were freeze dried for 24 hours after which the parafilm was removed and replaced with the tube caps.

Stable isotope analyses of 18O and 13C ratios in tooth enamel carbonate were conducted in the Stable Isotope Laboratory, within the Research School of Earth Sciences (RSES), at the Australian National University (ANU) using a Thermo Fisher MAT 253 IRMS mass spectrometer with a Kiel IV Carbonate Device. The average carbonate content was 4%. Approximately 3mg from each bulk sample of enamel (120 µg of calcium carbonate) was reacted at 75°C in 104% phosphoric acid for 12 minutes. The apatite fraction does not react with the phosphoric acid and remains unreacted in the sample vial (Ayliffe 1991; Ayliffe and Chivas 1990; Fraser et al. 2008). Samples are standardised on the Vienna Pee Dee Belemnite (VPDB) scale and reported as delta values in permil relative to the standard. The runs were standardised against and normalised to the following values: IAEA603: δ13C VPDB +2.45‰, δ18O VPDB –2.37‰ and NBS18 δ13C VPDB –5.01‰, δ18O VPDB –23.20‰. For repeat runs the δ13C and the δ18O values produced were averaged. δ18O VSMOW (‰) was calculated from the averaged δ18O values. The measurement of technical error (TEM) for duplicate isotope analysis was 0.02‰ for δ13C and 0.15‰ for δ18O) (Perini et al. 2005). All δ18O values are reported relative to Vienna Standard Mean Ocean Water (VSMOW) (Kim et al. 2015) (Table S1).

Proteomic analysis
Sample preparation and pretreatment
Sample preparation and peptide analysis were undertaken in the Centre for Protein Research (CPR), at the University of Otago, New Zealand following protocol adapted from published methods (Gowland et al. 2021; Stewart et al. 2017; Stewart et al. 2016). For 30 seconds, each enamel chip was rinsed in 3% H2O2 to clean the enamel surface and then the H2O2 was discarded. Each chip was rinsed in ultrapure water (MilliQ) and then submerged in 60 μL of 5% HCl for two minutes etching the sample. This was repeated, and the residue from the second etching process kept for analysis. Each chip was then washed again with MilliQ. For each sample, a resin-loaded ZipTip® was prepared with 100% acetonitrile and then a solution of 1μL 0.1% formic acid, 10μL 1% acetonitrile, 989μL MilliQ). The solution was  drawn through the tip 15 times capturing the peptides in the sample on the media within the ZipTip. Exogenous material was rinsed from the solution using a wash solution (1μL 0.1% formic acid, 10μL 1% acetonitrile, 989μL MilliQ) through the tip three times. An elution buffer of 60μL (600μL 60% acetonitrile, 399μL 0.1% formic acid) was used to elute peptides from the tip. Samples were dried

[bookmark: _Ref180848865][bookmark: _Ref184639167]Table S1 Biological profile and δ13C and δ18O isotope values of human samples
	 
	 
	 
	 
	 
	 
	δ13C (VPDB ‰)
	 
	δ18O (VPDB ‰)
	 
	Repeat difference 
	 
	Mean
	 

	Site
	Burial
	Age
	Sex
	Period
	Tooth
	Run 1
	Run 2
	 
	Run 1
	Run 2
	 
	δ13C (VPDB ‰)
	δ18O (VPDB ‰)
	 
	δ13C (VPDB ‰)
	δ18O (VPDB ‰)
	δ18O (VSMOW ‰)1

	HL17
	B1
	Adult
	Female
	Iron Age
	M3
	–11.9
	–12.0
	
	–5.7
	–5.6
	
	0.1
	0.1
	
	–12.0
	–5.6
	25.1

	HL17
	B4
	10-14
	Male
	Iron Age
	M2
	–10.3
	–10.3
	
	–6.4
	–6.2
	
	0.0
	0.2
	
	–10.3
	–6.3
	24.4

	HL17
	B5
	Adult
	Male
	Iron Age
	M3
	–10.0
	–10.0
	
	–5.4
	–5.3
	
	0.0
	0.1
	
	–10.0
	–5.3
	25.4

	HL17
	B6
	Adult
	Male
	Iron Age
	M3
	–12.9
	–13.0
	
	–5.5
	–5.3
	
	0.0
	0.2
	
	–13.0
	–5.4
	25.3

	HL17
	B8
	Adult
	Female
	Iron Age
	M3
	–12.8
	–12.8
	
	–6.1
	–6.4
	
	0.0
	0.2
	
	–12.8
	–6.3
	24.5

	HL17
	B10
	Adult
	Female
	Iron Age
	M3
	–8.3
	–8.3
	
	–5.8
	–5.7
	
	0.0
	0.1
	
	–8.3
	–5.7
	25.0

	HL17
	indA
	Adult
	Female
	Iron Age
	M3
	–13.0
	
	
	–6.8
	
	
	
	
	
	–13.0
	–6.8
	23.9

	HL17
	indB
	Adult
	Female
	Iron Age
	M3
	–12.1
	–12.1
	
	–6.5
	–6.6
	
	0.0
	0.1
	
	–12.1
	–6.5
	24.2

	HL17
	indC
	Adult
	Female
	Iron Age
	M3
	–12.3
	–12.4
	
	–6.1
	–6.0
	
	0.1
	0.1
	
	–12.4
	–6.0
	24.7

	HL17
	indD
	Adult
	Female
	Iron Age
	M2
	–13.1
	–13.1
	
	–6.2
	–6.0
	
	0.0
	0.2
	
	–13.1
	–6.1
	24.6

	HL17
	indE
	Adult
	Female
	Iron Age
	M1
	–12.0
	–12.1
	
	–5.9
	–5.8
	
	0.0
	0.1
	
	–12.1
	–5.8
	24.9

	HL17
	indF
	Adult
	Female
	Iron Age
	M3
	–12.3
	–12.3
	
	–5.7
	–5.5
	
	0.1
	0.2
	
	–12.3
	–5.6
	25.2

	HL17
	indK
	Adult
	Female
	Iron Age
	M3
	–13.1
	–13.2
	
	–6.6
	–6.5
	
	0.0
	0.1
	
	–13.1
	–6.6
	24.2

	HL29
	B2
	Adult
	Male
	Bronze Age
	M3
	–8.5
	–8.5
	
	–6.7
	–6.9
	
	0.0
	0.1
	
	–8.5
	–6.8
	23.9

	HL29
	B7
	Adult
	Male
	Bronze Age
	M3
	–9.7
	–9.7
	
	–3.1
	–3.2
	
	0.0
	0.1
	
	–9.7
	–3.2
	27.6

	HL29
	B12
	5-9
	Male
	Bronze Age
	M1
	–8.5
	–8.6
	
	–4.1
	–4.3
	
	0.0
	0.2
	
	–8.5
	–4.2
	26.6

	HL29
	B14
	5-9
	Male
	Bronze Age
	M1
	–8.3
	–8.3
	
	–3.2
	–3.3
	
	0.0
	0.1
	
	–8.3
	–3.2
	27.6

	HL29
	B16
	5-9
	Female
	Bronze Age
	M1
	–8.4
	–8.4
	
	–4.7
	–4.8
	
	0.0
	0.1
	
	–8.4
	–4.7
	26.1

	HL29
	B18
	10-14
	Male
	Bronze Age
	M3
	–6.8
	–6.9
	
	–4.6
	–4.8
	
	0.0
	0.2
	
	–6.8
	–4.7
	26.1

	HL29
	B21
	Adult
	Male
	Bronze Age
	M2
	–11.6
	–11.6
	
	–6.4
	–6.5
	
	0.0
	0.1
	
	–11.6
	–6.4
	24.3

	HL29
	B23
	Adult
	Male
	Bronze Age
	M3
	–2.7
	
	
	–4.5
	
	
	
	
	
	–2.7
	–4.5
	26.3

	HL29
	B24
	Adult
	Male
	Bronze Age
	M1
	–8.6
	–8.6
	
	–2.8
	–2.9
	
	0.0
	0.1
	
	–8.6
	–2.8
	28.0

	HL29
	B25
	Adult
	Male
	Bronze Age
	M3
	–8.7
	–8.7
	
	–4.1
	–4.1
	
	0.0
	0.0
	
	–8.7
	–4.1
	26.7

	HL29
	B26
	Adult
	Female
	Bronze Age
	M3
	–7.1
	–7.1
	
	–3.3
	–3.4
	
	0.0
	0.2
	
	–7.1
	–3.3
	27.5

	HL29
	B27
	Adult
	Male
	Bronze Age
	M3
	–9.4
	–9.4
	
	–5.2
	–5.4
	
	0.0
	0.2
	
	–9.4
	–5.3
	25.5

	HL29
	B30
	Adult
	Male
	Bronze Age
	M3
	–7.5
	–7.5
	
	–3.5
	–3.5
	
	0.0
	0.0
	
	–7.5
	–3.5
	27.3

	HL29
	B31
	Adult
	Female
	Bronze Age
	M2
	–7.1
	–7.1
	
	–5.0
	–5.1
	
	0.0
	0.0
	
	–7.1
	–5.0
	25.7

	HL29
	B32
	Adult
	Male
	Bronze Age
	M3
	–5.8
	–5.8
	
	–5.6
	–5.6
	
	0.0
	0.0
	
	–5.8
	–5.6
	25.2

	HL29
	B37
	Adult
	Female
	Bronze Age
	M3
	–10.7
	–10.7
	
	–6.5
	–6.6
	
	0.0
	0.0
	
	–10.7
	–6.5
	24.2

	HL29
	B38
	Adult
	Male
	Bronze Age
	M2
	–5.1
	–5.1
	
	–5.5
	–5.4
	
	0.1
	0.1
	
	–5.1
	–5.5
	25.3

	HL29
	B42
	Adult
	Female
	Bronze Age
	M1
	–11.8
	–11.8
	
	–5.9
	–5.8
	
	0.0
	0.1
	
	–11.8
	–5.8
	24.9

	HL29
	B45
	Adult
	Male
	Bronze Age
	M3
	–4.5
	–4.5
	
	–5.3
	–5.3
	
	0.1
	0.0
	
	–4.5
	–5.3
	25.5

	HL29
	B46
	Adult
	Female
	Bronze Age
	M3
	–4.9
	–5.0
	
	–5.9
	–5.8
	
	0.0
	0.1
	
	–5.0
	–5.9
	24.9

	HL29
	B47a
	Adult
	Male
	Bronze Age
	M3
	–4.1
	–4.0
	
	–5.4
	–5.4
	
	0.0
	0.1
	
	–4.0
	–5.4
	25.4

	HL30
	B5
	Adult
	Female
	Iron Age
	M1
	–11.7
	–11.7
	
	–3.2
	–2.9
	
	0.0
	0.3
	
	–11.7
	–3.0
	27.8

	HL30
	B6
	1-4
	Male
	Iron Age
	dm2
	–12.2
	–12.3
	
	–5.5
	–5.1
	
	0.0
	0.5
	
	–12.2
	–5.3
	25.5

	HL30
	B11
	5-9
	Female
	Iron Age
	M3
	–12.2
	
	
	–6.1
	
	
	
	
	
	–12.2
	–6.1
	24.7

	HL30
	B20
	Adult
	Female
	Neolithic
	M3
	–3.6
	–3.6
	
	–4.6
	–4.3
	
	0.0
	0.3
	
	–3.6
	–4.4
	26.3

	HL30
	B21
	Adult
	Female
	Neolithic
	M2
	–5.8
	–5.8
	
	–4.6
	–4.6
	
	0.0
	0.0
	
	–5.8
	–4.6
	26.2

	HL30
	Bovine
	
	
	Bronze Age
	
	–1.0
	–1.0
	
	–2.3
	–2.6
	
	0.0
	0.3
	
	–1.0
	–2.4
	28.4

	HL30
	Suid
	
	
	Bronze Age
	
	–6.3
	–6.3
	
	–4.1
	–4.5
	
	0.0
	0.4
	
	–6.3
	–4.3
	26.5

	HL30
	Cervid
	
	
	Bronze Age
	
	2.3
	2.3
	
	–3.0
	–3.4
	
	0.0
	0.3
	
	2.3
	–3.2
	27.6

	OAI1
	S4
	15-19
	Male
	Neolithic
	M3
	–3.9
	–4.0
	
	–5.0
	–4.6
	
	0.0
	0.4
	
	–3.9
	–4.8
	26.0

	OAI1
	S6
	Old
	Female
	Neolithic
	M3
	–3.7
	
	
	–5.5
	
	
	
	
	
	–3.7
	–5.5
	25.2

	OAI1
	S9
	Young
	Male
	Neolithic
	M3
	–6.0
	–6.0
	
	–6.4
	–6.2
	
	0.0
	0.2
	
	–6.0
	–6.3
	24.4

	OAI1
	S14
	Old
	Male
	Neolithic
	M3
	–6.2
	–6.2
	
	–5.3
	–5.2
	
	0.0
	0.1
	
	–6.2
	–5.2
	25.5

	OAI1
	S17
	Old
	Male
	Neolithic
	M3
	–6.2
	–6.2
	
	–6.4
	–6.5
	
	0.0
	0.0
	
	–6.2
	–6.5
	24.3

	OAI1
	S21b
	1-4
	Female
	Neolithic
	M1
	–6.6
	–6.7
	
	–4.7
	–4.6
	
	0.0
	0.1
	
	–6.6
	–4.6
	26.1

	OAI1
	S22
	Young
	Male
	Neolithic
	M1
	–7.5
	–7.5
	
	–4.2
	–4.3
	
	0.0
	0.1
	
	–7.5
	–4.2
	26.6

	OAI1
	S23
	Old
	Female
	Neolithic
	M2
	–7.3
	–7.3
	
	–4.6
	–4.4
	
	0.0
	0.2
	
	–7.3
	–4.5
	26.3

	OAI1
	S27
	10-14
	Male
	Neolithic
	M2
	–7.1
	–7.1
	
	–4.3
	–4.4
	
	0.0
	0.1
	
	–7.1
	–4.4
	26.4

	OAI1
	S31
	Old
	Female
	Neolithic
	M1
	–3.5
	
	
	–3.6
	
	
	
	
	
	–3.5
	–3.6
	27.2

	OAI1
	S36
	Old
	Female
	Neolithic
	M2
	–7.7
	–7.8
	
	–4.8
	–5.0
	
	0.0
	0.3
	
	–7.8
	–4.9
	25.9

	OAI1
	S38
	10-14
	Male
	Neolithic
	M2
	–6.7
	–6.7
	
	–4.7
	–5.1
	
	0.0
	0.4
	
	–6.7
	–4.9
	25.8

	OAI1
	S40a
	1-4
	Male
	Neolithic
	dm2
	–6.6
	–6.7
	
	–4.7
	–5.1
	
	0.0
	0.4
	
	–6.7
	–4.9
	25.9

	OAI1
	S41
	1-4
	Female
	Neolithic
	dm2
	–6.6
	–6.7
	
	–5.6
	–5.8
	
	0.0
	0.3
	
	–6.7
	–5.7
	25.0

	OAI1
	S42a
	Young
	Male
	Neolithic
	M1
	–8.4
	–8.5
	
	–4.0
	–4.4
	
	0.0
	0.3
	
	–8.4
	–4.2
	26.6

	OAI1
	S43a
	Middle
	Male
	Neolithic
	M3
	–7.3
	–7.3
	
	–5.0
	–5.3
	
	0.0
	0.3
	
	–7.3
	–5.2
	25.6

	OAI1
	S43b
	1-4
	Male
	Neolithic
	dm2
	–8.8
	–8.8
	
	–3.1
	–3.5
	
	0.0
	0.4
	
	–8.8
	–3.3
	27.5

	OAI1
	S44
	Young
	Male
	Neolithic
	M2
	–5.0
	–5.1
	
	–5.6
	–5.8
	
	0.0
	0.2
	
	–5.1
	–5.7
	25.0

	OAI1
	S46
	Old
	Female
	Neolithic
	M2
	–7.7
	–7.8
	
	–3.9
	–4.1
	
	0.0
	0.2
	
	–7.7
	–4.0
	26.8

	OAI1
	S54
	Old
	Female
	Neolithic
	M1
	–6.3
	–6.3
	 
	–4.0
	–4.2
	 
	0.0
	0.2
	 
	–6.3
	–4.1
	26.7

	1δ18O VPDB is converted to δ18O VSMOW for comparative purposes following Kim et al., 2015 (1.03092*x)+30.92
	
	
	
	
	
	
	

	Technical error measurement (TEM) on duplicate isotopic analysis of samples is 0.02 ‰ for δ13C and 0.15 ‰ for δ18O following Perini et al., 2005 (√∑D2/2N)
	
	
	
	




without heating in a centrifugal vacuum concentrator (Savant, SpeedVac SC100) for 90 minutes. Samples were solubilised in 20μL of 5% acetonitrile and 0.1% formic acid in water. For 10 minutes, samples were centrifuged at 30,000g at 20°C to dissolve all dried solids and remove any remaining debris from the solution. The supernatant was pipetted into a 0.3ml short thread micro-vial and input for analysis in a reversed-phase nano-LC-MS in a NanoLC-coupled QqTOF instrument (Sciex TripleTOF AB 5600+). Each sample was programmed to run a blank, a parallel reaction monitoring setting (PRM), and a data-dependent acquisition setting (DDA). Samples were run against the Human FASTA file (Swiss-Prot [21/09/2020] canonical 20,375 protein count) using Skyline (Macoss Lab Software, v 21.2). Peptides targeted in the PRM run are below (Table S2).

[bookmark: _Ref180400217]Table S2 Amelogenin peptides targeted by mass spectrometry
	Peptide mass to charge ratio (m/z)
	Amino sequence*
	Amelogenin isoforms

	483.7393++
	SMIRPPYS
	AMELY

	432.2258++
	SMIRPPY
	AMELY

	440.2233++
	SMIRPPY
	AMELY

	540.2796++
	SIRPPYPSY
	AMELX

	415.2320++
	SIRPPYP
	AMELX

	481.7815++
	YEVLYTPLK
	AMELX

	723.8619++
	LPPHPGHPGYINF
	AMEL_XY

	468.7449++
	TPLKWYQ
	AMEL_XY

	*amino acids underlined are oxidated
	
	



Comparative samples
Data from Oakaie 1 and Halin (HL29 and HL17) was compared to published data from the south-central Thai site of Khok Phanom Di (Bentley et al. 2007), the Northeast Thai sites of Ban Chiang - BC (Bentley et al. 2005), Noen U-Loke - NUL (Cox et al. 2011), Ban Lum Khao - BLK (Bentley et al. 2009), Ban Non Wat - BNW (King et al. 2015) and Non Ban Jak - NBJ (Schalburg-Clayton 2023), the central Thai site of Promtin Tai – PTT (Liu 2018), and the Chinese sites of Zhongba - ZB (Tian et al. 2008), Liangchengzhen - LCZ (Lanehart et al. 2011) and Mayutian - MT (Zhang et al. 2014). 

One individual with outlying δ13C values was identified and excluded from Khok Phanom Di (B96), two from BC (BCES31, BCES34), ten from BNW (B28, B201, B211, B255, B259, B292, B304, B390, B461 and B463), two from NBJ (B112 and B198), one from PPT (B2), one from ZB (M11), two from LCZ (M15 and M33), and three from Oakaie 1 (S4, S6 and S31) and HL17 (B4, B5 and B10), respectively. Four individuals with outlying δ18O values were identified and excluded from BNW (B160, B246, B247, B566), and one from both ZB (M81) and LCZ (M44) (Table S3).
[bookmark: _Ref180848806]Table S3 Human samples with δ13C and δ18O isotope values included in comparative analyses
	 
	δ13C (‰ VPDB)
	 
	δ18O (‰ VSMOW)

	Site
	Samples
	Outliers
	Samples included
	 
	Sample
	Outliers
	Samples included

	Oakaie 1 (OAI 1)
	20
	3
	17
	
	20
	
	20

	Halin 17 (HL17)
	13
	3
	10
	
	13
	
	13

	Halin 29 (HL29)
	21
	
	21
	
	21
	
	21

	Khok Phanom Di (KPD) 
	66
	1
	65
	
	66
	
	66

	Ban Lum Khao (BLK) 
	26
	
	26
	
	26
	
	26

	Ban Chiang (BC) 
	42
	2
	40
	
	42
	
	42

	Ban Non Wat (BNW) 
	117
	10
	107
	
	117
	4
	113

	Non Ban Jak (NBJ) 
	36
	2
	34
	
	36
	
	36

	Promtin Tai (PTT) 
	13
	1
	12
	
	13
	
	13

	Noen U-Loke (NUL) 
	34
	
	34
	
	34
	
	34

	Mayutian (MT) 
	14
	
	14
	
	14
	
	14

	Zhongba (ZB)
	10
	1
	9
	
	10
	1
	9

	Liangchengzhen (LCZ) 
	18
	2
	16
	 
	18
	1
	17
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