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Section S1. Data for dose rate calculations

Table S1. Data for dose rate calculations

Sample Depth Water Organic By 22Th K Beta Gamma Cosmic Dose rate Dose rate
(cm) Content Content (Bg/kg) (Bg/kg) (Bg/kg) (Gy/ka)" (Gy/ka)* (Gy/ka) (Quartz) (Feldspar)
(%) (%) (Gy/ka) (Gy/ka)™
NCL-1117134 | 22 12.0+3.0 39+1.0 11.9+0.2 10.1 £0.6 211.7+£5.5 0.56 +0.03 0.32+0.02 0.27+0.01 1.16 £ 0.04 2.10+0.10
NCL-1117133 31 129+3.2 33+0.8 9.6+0.2 9.9+0.5 192.8 £ 4.8 0.49 £0.03 0.29 £0.02 0.26 £0.01 1.05+£0.03 1.99+0.10
NCL-1117132 | 41 145+3.6 3.8+0.9 10.6 £0.2 104 +£0.5 2123 +5.1 0.53 +£0.03 0.31 +£0.02 0.25+0.01 1.09 +£0.04 2.03+0.10
NCL-1117131 50 142 +3.5 33+0.8 11.3+0.2 11.2+0.5 221.1+£52 0.55+0.03 0.33+£0.02 0.24 £0.01 1.13+0.04 2.07+£0.10
NCL-1117130 | 60 11.5+29 33+£0.8 124+0.2 11.1£0.5 2282 +5.8 0.58 £0.03 0.33+0.02 0.23£0.01 1.15+£0.04 2.09 +0.10
NCL-1117129 70 122 +£3.1 33+0.8 126 +£0.2 10.8£0.5 229.7+£5.4 0.59 £0.03 0.35+0.02 0.23+£0.01 1.17£0.04 2.11+0.10
NCL-1117128 | 81 143+3.6 3.8+0.9 12.6 £0.2 11.3+0.5 2322 +5.8 0.58 +£0.03 0.35+0.02 0.22+0.01 1.17 £0.04 2.11+0.10
NCL-1117127 96 123 +3.1 29+0.7 11.0+£0.2 10.7+£0.5 211.9+5.0 0.60 £0.03 0.36 +£0.02 0.22+£0.01 1.18 £0.03 2.12+0.10
NCL-1117126 101 11.5+29 29+0.7 10.3+£0.2 9.3+0.5 208.5+4.2 0.53 £0.03 0.30+£0.02 0.21 £0.01 1.06 £0.03 2.00+0.10
NCL-1117125 112 7.8+2.0 1.7+04 8.1+0.2 6.7+0.4 202.7+4.8 0.52+0.03 0.29 +£0.01 0.21 £0.01 1.03 £0.03 1.97+0.10
NCL-1117124 123 62+1.6 1.5+04 7.9+0.2 7.3+0.5 2129+5.1 0.56 +£0.03 0.31 +£0.02 0.21 £0.01 1.08 £ 0.03 2.02+0.10
NCL-1117123 142 58+14 1.6+£04 7.7+0.2 83+0.5 227.8+5.3 0.60 £0.03 0.34 +£0.02 0.20£0.01 1.15+0.03 2.09 +0.10
NCL-1117122 165 54+14 1.2+0.3 7.7£0.2 8.9+0.5 254.7+£5.7 0.66 £0.03 0.35+0.02 0.20£0.01 1.21 £0.04 2.15+0.10

* Water and grain size attenuated

** Internal dose rate calculated as 0.89 = 0.09 Gy/ka based on the assumptions of internal concentrations of K (12.5 = 0.5 %/ppm) and Rb (400 + 100 %/ppm)



Section S2. Luminescence dating protocols

Table S2. Luminescence dating protocol used for small-aliquot quartz OSL measurements.
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Extra 1

Beta dose (or Natural dose)

10s preheat to 200°C

20s blue stimulation at 125 °C La/Li
Beta test dose

10s preheat to 180°C

20s blue stimulation at 125 °C To/Ti
40s blue bleach at 210°C

Repeat step 1-7 for a range of doses (incl. zero and repeat dose)

Repeat step 1-7 with added infrared bleach at 30°C prior to step 3

* The first 0-0.5 s integration interval was used for analysis, and the subsequent 0.5-1.76 integration interval was

used for early background subtraction.

Table S3. Luminescence dating protocol used for single-grain feldspar pIRIR measurements.

Step Action Measured

1 Beta dose (or Natural dose)

2 120s preheat to 200°C

3" 2s single-grain IR laser stimulation at 50°C La, Li (IRSLso)
4 2s single-grain IR laser stimulation at 175°C Ln, Li (pIRIR175)
5 Beta test dose

6 120s preheat to 200°C

7" 2s single-grain IR laser stimulation at 50°C Thn, Ti (IRSLso)
8" 2s single-grain IR laser stimulation at 175°C Th, Ti (pIRIR175)
9 300s IR stimulation at 210 °C

10 Repeat step 1-9 for a range of doses (incl. zero and repeat dose)

* The 0.17-0.23 s integration interval was used for analysis, and the 1.29-1.62 s integration interval was used for

background subtraction.



Section S3. Radial plots of single-grain feldspar pIRIR measurements

NCL-1117122

pIRIR BsMAM [sigma_b = 0.35 + 0.03] = 19.40 + 141 Gy
fiitered pIRIR BsMAM [sigma_b = 0.20 + 0.04] = 13.82 + 5.42 Gy
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Figure S1. Radial plot of equivalent dose obtained from single-grain feldspar pIRIR measurement of NCL-
1117122. The black dotted line indicates the BsMAM result of the total dataset, and the red dotted line
indicates the BsMAM result of the filtered dataset. The o» values applied for each BsSMAM are indicated in
the figure.
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NCL-1117123

pIRIR BsMAM [sigma_b = 0.35 £ 0.03] = 12.08 £ 1.73 Gy
filtered pIRIR BsMAM [sigma_b = 0.20 + 0.04] = 6.78 + 1.30 Gy
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Figure S2. Radial plot of equivalent dose obtained from single-grain feldspar pIRIR measurement of
NCL-1117123. The black dotted line indicates the BsMAM result of the total dataset, and the red dotted
line indicates the BsMAM result of the filtered dataset. The o values applied for each BsSMAM are
indicated in the figure.



NCL-1117124

pIRIR BsMAM [sigma_b = 0.35 + 0.03] = 3.38 £ 0.55 Gy
filtered pIRIR BsMAM [sigma_b = 0.20 + 0.04] = 2.16  0.40 Gy
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Figures S3. Radial plot of equivalent dose obtained from single-grain feldspar pIRIR measurement of
NCL-1117124. The black dotted line indicates the BsMAM result of the total dataset, and the red dotted
line indicates the BsSMAM result of the filtered dataset. The ob values applied for each BsSMAM are
indicated in the figure.

NCL-1117125

pIRIR BsMAM [sigma_b = 0.35 + 0.03] = 1.49 + 0.13 Gy
filtered pIRIR BsMAM [sigma_b = 0.20 + 0.04] = 1.46 + 0.08 Gy
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Figure S4. Radial plot of equivalent dose obtained from single-grain feldspar pIRIR measurement of
NCL-1117125. The black dotted line indicates the BsMAM result of the total dataset, and the red dotted
line indicates the BsSMAM result of the filtered dataset. The ob values applied for each BsSMAM are
indicated in the figure.



NCL-1117126

pIRIR BsMAM [sigma_b = 0.35 £ 0.03] = 1.51 £ 0.06 Gy
filtered pIRIR BsMAM [sigma_b = 0.20 + 0.04] = 1.31 £ 0.06 Gy
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Figure S5. Radial plot of equivalent dose obtained from single-grain feldspar pIRIR measurement of
NCL-1117126. The black dotted line indicates the BsMAM result of the total dataset, and the red dotted
line indicates the BsMAM result of the filtered dataset. The o values applied for each BsMAM are
indicated in the figure.

NCL-1117127

pIRIR BsMAM [sigma_b =0.35+ 0.03] = 1.15 £+ 0.04 Gy
filtered pIRIR. BsMAM [sigma_b = 0.20 + 0.04] = 1.07 £ 0.04 Gy
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Figure S6. Radial plot of equivalent dose obtained from single-grain feldspar pIRIR measurement of
NCL-1117127. The black dotted line indicates the BsMAM result of the total dataset, and the red dotted
line indicates the BsSMAM result of the filtered dataset. The ob values applied for each BsSMAM are
indicated in the figure.



NCL-1117128

pIRIR BsMAM [sigma_b = 0.35 + 0.03] = 1.09 £ 0.04 Gy
filtered pIRIR BsMAM [sigma_b = 0.20 + 0.04] = 0.89  0.05 Gy
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Figure S7. Radial plot of equivalent dose obtained from single-grain feldspar pIRIR measurement of
NCL-1117128. The black dotted line indicates the BsMAM result of the total dataset, and the red dotted
line indicates the BsMAM result of the filtered dataset. The o» values applied for each BsSMAM are
indicated in the figure.

NCL-1117129

pIRIR BsMAM [sigma_b =0.35+0.03] = 0.88 + 0.10 Gy
filtered pIRIR. BsMAM [sigma_b =0.20 + 0.04] = 0.54 £ 0.10 Gy
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Figure S8. Radial plot of equivalent dose obtained from single-grain feldspar pIRIR measurement of
NCL-1117129. The black dotted line indicates the BsMAM result of the total dataset, and the red dotted
line indicates the BsSMAM result of the filtered dataset. The ob values applied for each BsSMAM are
indicated in the figure.



NCL-1117130

pIRIR BsMAM [sigma_b = 0.35 + 0.03] = 1.09 £ 0.04 Gy
filtered pIRIR BsMAM [sigma_b = 0.20 + 0.04] = 0.77 + 0.07 Gy
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Figure S9. Radial plot of equivalent dose obtained from single-grain feldspar pIRIR measurement of
NCL-1117130. The black dotted line indicates the BsMAM result of the total dataset, and the red dotted
line indicates the BsMAM result of the filtered dataset. The o» values applied for each BsSMAM are
indicated in the figure.

NCL-1117131

pIRIR BsMAM [sigma_b =0.35+0.03] = 0.75 + 0.03 Gy
filtered pIRIR. BsMAM [sigma_b = 0.20 + 0.04] = 0.61 £ 0.05 Gy
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Figure S10. Radial plot of equivalent dose obtained from single-grain feldspar pIRIR measurement of
NCL-1117131. The black dotted line indicates the BsMAM result of the total dataset, and the red dotted
line indicates the BsSMAM result of the filtered dataset. The ob values applied for each BsSMAM are
indicated in the figure.



NCL-1117132

pIRIR BsMAM [sigma_b = 0.35 + 0.03] = 0.70 £ 0.06 Gy
filtered pIRIR BsMAM [sigma_b = 020 + 0.04] = 0.50 + 0.03 Gy
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Figure S11. Radial plot of equivalent dose obtained from single-grain feldspar pIRIR measurement of
NCL-1117132. The black dotted line indicates the BsMAM result of the total dataset, and the red dotted
line indicates the BsMAM result of the filtered dataset. The o values applied for each BsSMAM are
indicated in the figure.

NCL-1117133

pIRIR BsMAM [sigma_b = 0.35+ 0.03] = 0.55 + 0.09 Gy
filtered pIRIR. BsMAM [sigma_b = 0.20 + 0.04] = 0.41 £ 0.05 Gy
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Figure S12. Radial plot of equivalent dose obtained from single-grain feldspar pIRIR measurement of
NCL-1117133. The black dotted line indicates the BsMAM result of the total dataset, and the red dotted
line indicates the BsSMAM result of the filtered dataset. The 6» values applied for each BsSMAM are
indicated in the figure.



NCL-1117134

pIRIR BsMAM [sigma_b = 0.35 + 0.03] = 0.28 £ 0.05 Gy
filtered pIRIR BsMAM [sigma_b = 020 + 0.04] = 0.23 + 0.07 Gy
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Figure S13. Radial plot of equivalent dose obtained from single-grain feldspar pIRIR measurement of
NCL-1117134. The black dotted line indicates the BsMAM result of the total dataset, and the red dotted
line indicates the BsMAM result of the filtered dataset. The o values applied for each BsSMAM are
indicated in the figure.



Section S4. Age model results obtained from IRSLso signals

Table S4. Results of age models applied to D. obtained from IRSLso signals.
pIRIR:75s counterparts.

Note that the ages are rounded to decades. The o» applied to the BsMAM are equivalent to their

Sample Depth | Dose rate CAM oD CAM BsMAM BsMAM CAM oD CAM BsMAM BsMAM
(cm) (Gy/ka) (Gy) (%) (a) (Gy) (a) Filtered Filtered | Filtered Filtered Filtered
=035+ | 6,=035£0.03 | (Gy) (%) () (Gy) (@)
0.03 =020 | 6,=0.20:0.04
0.04
NCL-1117134 | 22 210010 | 020008 | 72+6 ?109%‘2 40 CE) 0.14£0.01 (7109;)12 l0CE) 020£0.14 | 51=12 ?10;;072 20 CE) 0.12 £ 0.04 ?1092022 20 CE)
NCL-1117133 | 31 1.994£0.10 | 0412006 | 73+5 fllé);) 2 cp | 0382001 (119533 0 B 039+0.14 | 71=10 flong) 1070 B 0.32%0.04 (116563 2 B
NCL-1117132 | 41 203£0.10 | 047007 | 635 5137093 103 0cE) 0.42 £0.02 (211513 1020 cE) 0424011 | 47+8 ?11513 2060 cB) 0.38 +0.02 (1192% 1020 cE)
NCL-1117131 | 50 | 2.07£0.10 | 0.54£0.05 | 48+3 ffféf) 2 e | 05200 ?157073 2 B 049+005 | 22+4 fffgf) 2 B 0.46 £ 0.03 ?12503 2 B
NCL-1117130 | 60 2094010 | 0.65+0.05 | 50=4 (311;)03 103 0 cE) 0.62 +0.03 310702% 1020 B 0.76+0.07 | 28+5 (316263 1040 B 0.63 +0.09 310701§ ioso cE)
NCL-1117129 | 70 | 2114010 | 071£0.03 | 382 (3;‘283 2 e | 068002 3127003 2 B 072004 | 31+3 (3;‘283 2 B 0.64 % 0.05 3107013 X B
NCL-1117128 | 81 211010 | 0.76+0.03 | 35+2 (316263 1020 cB) 0.74 = 0.03 31560% 1020 cE) 0.83+£0.04 | 24+3 ?10223 1030 cB) 0.78 = 0.04 317 605 1030 cE)
NCL-1117127 | 96 | 2124010 | 1014005 | 56+4 ?185043 2 e | 0914003 ?1350; 2 B 1.0840.07 | 43+5 3115013 X B 0.96 % 0.04 ?16505 0 B
NCL-1117126 | 101 | 2.00£0.10 | 1.10=0.04 | 46+3 fff% 1040 B 105+ 0.04 ?13:?93 1030 B 1152004 | 17+3 fff;) 1040 B 1124007 fﬁ% 1040 cE)
NCL-1117125 | 112 | 1.97£0.10 | 1.60£0.06 | 60+5 ?112003 2 B 133 40,07 ?f% 0 B 1.67£0.10 | 55+7 ?151073 1070 B 131£0.12 ?17305 1070 B
NCL-1117124 | 123 | 2.02£0.10 | 4.86+0.06 | 75+4 ?;91(?: 1122(? BCE) | 2744026 (lg’ggf 1138 CE) 5524011 | 7148 ?77;(?: 1155(? Bep) | 277033 (lg’fgf 11888 CE)
NCL-1117123 | 142 | 2.090.10 | 12214004 | 52+3 332;;300122930 BCE) | 796+ 1.04 ff;gooijsfo BCE) | 12462008 | 506 f?gfoifggo BCp) | 629094 39091(? fj;(? BCE)
NCL-1117122 | 165 | 2.15£0.10 | 15372003 | 332 Zslfzooif;fo By | 15054074 (6499?700144930 Bep) | 16822005 | 2053 3;3719001337700 Bep) | 1457301 (647765001114530 BCE)




Section S5. Radial plots of single-aliquot quartz OSL measurements

NCL-1117122

CAM =12.15 4 0.69 Gy (0D = 32 £ 4 %)
BsMAM [sigma_b = 0.20 + 0.06] = 9.95 + 2.72 Gy
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Figure S14. Radial plot of equivalent dose obtained from single-aliquot quartz OSL measurement of NCL-
1117122. The black dotted line indicates the CAM result, and the blue dotted line indicates the BsMAM
result.

NCL-1117123

CAM = 9.89 £ 0.65 Gy (OD = 37 £5 %)
BsMAM [sigma_b = 0.20 + 0.06] = 6.64 + 1.12 Gy
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Figure S15. Radial plot of equivalent dose obtained from single-aliquot quartz OSL measurement of NCL-
1117123. The black dotted line indicates the CAM result, and the blue dotted line indicates the BsMAM
result.



Standardised estimate

NCL-1117124

CAM = 3.71 + 0.26 Gy (OD = 42 £ 5 %)
BsMAM [sigma_b = 0.20 + 0.06] = 2.66 + 0.43 Gy
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Figure S16. Radial plot of equivalent dose obtained from single-aliquot quartz OSL measurement of NCL-
1117124. The black dotted line indicates the CAM result, and the blue dotted line indicates the BsMAM

result.
NCL-1117125
CAM =111+ 0.07 Gy (OD = 34 + 5 %)
BsMAM [sigma_b = 0.20 + 0.06] = 1.00 + 0.05 Gy
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Figure S17. Radial plot of equivalent dose obtained from single-aliquot quartz OSL measurement of NCL-
1117125. The black dotted line indicates the CAM result, and the blue dotted line indicates the BsMAM
result.



NCL-1117126

CAM = 0.87 + 0.05 Gy (OD = 30 £ 4 %)
BsMAM [sigma_b = 0.20 + 0.06] = 0.80 + 0.04 Gy
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Figure S18. Radial plot of equivalent dose obtained from single-aliquot quartz OSL measurement of NCL-
1117126. The black dotted line indicates the CAM result, and the blue dotted line indicates the BsMAM
result.

NCL-1117127

CAM = 0.88 + 0.07 Gy (OD = 38 + 6 %)
BsMAM [sigma_b = 0.20 + 0.06] = 0.75 + 0.04 Gy
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Figure S19. Radial plot of equivalent dose obtained from single-aliquot quartz OSL measurement of NCL-
1117127. The black dotted line indicates the CAM result, and the blue dotted line indicates the BsMAM
result.



NCL-1117128

CAM = 0.54 + 0.02 Gy (OD = 12 £ 4 %)
BsMAM [sigma_b = 0.20 + 0.06] = 0.54 + 0.03 Gy
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Figure S20. Radial plot of equivalent dose obtained from single-aliquot quartz OSL measurement of NCL-
1117127. The black dotted line indicates the CAM result, and the blue dotted line indicates the BsMAM
result.

NCL-1117129

CAM =053 +0.02 Gy (OD = 18 + 4 %)
BsMAM [sigma_b = 0.20 + 0.06] = 0.52 + 0.03 Gy
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Figure S21. Radial plot of equivalent dose obtained from single-aliquot quartz OSL measurement of NCL-
1117129. The black dotted line indicates the CAM result, and the blue dotted line indicates the BsMAM
result.



NCL-1117130

CAM = 0.44 + 0.02 Gy (OD = 13 £ 3 %)
BsMAM [sigma_b = 0.20 + 0.06] = 0.43 £ 0.02 Gy
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Figure S22. Radial plot of equivalent dose obtained from single-aliquot quartz OSL measurement of NCL-
1117130. The black dotted line indicates the CAM result, and the blue dotted line indicates the BsMAM
result.

NCL-1117131

CAM =047 + 0.05 Gy (OD =52 + T %)
BsMAM [sigma_b = 0.20 + 0.06] = 0.41 + 0.02 Gy
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Figure S23. Radial plot of equivalent dose obtained from single-aliquot quartz OSL measurement of NCL-
1117131. The black dotted line indicates the CAM result, and the blue dotted line indicates the BsMAM
result.



NCL-1117132

CAM = 0.37 + 0.03 Gy (OD = 44 £ 6 %)
BsMAM [sigma_b = 0.20 + 0.06] = 0.29 £ 0.01 Gy
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Figure S24. Radial plot of equivalent dose obtained from single-aliquot quartz OSL measurement of NCL-
1117132. The black dotted line indicates the CAM result, and the blue dotted line indicates the BsMAM
result.

NCL-1117133

CAM =030 + 0.02 Gy (OD = 34 + 6 %)
BsMAM [sigma_b = 0.20 + 0.06] = 0.26 + 0.02 Gy
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Figure S25. Radial plot of equivalent dose obtained from single-aliquot quartz OSL measurement of NCL-
1117133. The black dotted line indicates the CAM result, and the blue dotted line indicates the BsMAM
result.



NCL-1117134

CAM =012 + 0.02 Gy (OD = 58 £ 11 %)
BsMAM [sigma_b = 0.20 + 0.06] = 0.07 £ 0.006 Gy
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Figure S26. Radial plot of equivalent dose obtained from single-aliquot quartz OSL measurement of NCL-
1117134. The black dotted line indicates the CAM result, and the blue dotted line indicates the BsMAM
result.
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