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Figure S1. Typical decay curves (a, d, and g), dose response curves (b, c, and h), and fading rate measurements: variation of normalised intensity with delay time (c, f, and i) of pVIRSL of volcanic ash fine- grain samples PRL23-01, PRL23-02, and PRL23-03. Each graph is from a single aliquot.
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Figure S2. The typical pVIRSL decay curves (a, d, g and j), dose response curves (b, e, h and k), and fading rate measurements: variation of normalised intensity with delay time (c, f, i, and l) for pottery fine- grain samples PRL23-04, PRL23-05, PRL23-06, and PRL23-07. Each graph is from a single aliquot.
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Figure S3. The pVIRSL decay curves (a and d), dose response curves (b and e), and fading rate measurements: variation of normalised intensity with delay time (c and f) for pVIRSL for fine grain fluvial samples PRL23-10 and PRL23-11. Data in each graph is representing a single aliquot.
[image: D:\Ph.d_work\lab work\Manuscripts\Applicability_of_pVIRSAR_for_multiple_type_of_samples\Revision_2\Sopplmentary_Figures_R2\Figure S4.tif]Figure S4. Normalised pVIRSL intensity as a function of delay time for fading rate measurements of fine grains from (a) PRL23-08 and (b) PRL23-09.
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Figure S5. a) OSL sampling of PRL23-03 volcanic ash site. b) Zoomed view of volcanic ash layer deposit. The thickness of ash layer is ~30 cm. A sphere of radius 30 cm is considered for volumetric corrections for dose deposited by gamma radiations (Appendix I).

Table S1. Parameters for pVIR-SAR protocol (Devi et al., 2024).
	Step
	Treatment
	Observed measurement

	1.
	Natural signal
	

	2.
	Preheat (250 ℃, 60 s)
	Removes thermally unstable signal

	3.
	VSL (50 ℃, 100 s)
	

	4.
	IRSL (200 ℃, 100 s)
	Ln, Lx

	5.
	Test Dose (50-–80% De)
	

	6.
	Preheat (250 ℃, 60 s)
	Removes thermally unstable signal

	7.
	VSL (50 ℃, 100 s)
	

	8.
	IRSL (200 ℃, 100 s)
	Tn, Tx

	9.
	VSL ( 350 ℃, 200 s)
	Illumination

	10.
	IRSL (350 ℃, 200 s)
	Illumination

	11.
	Give dose and return to step 2
	



Table S2. Parameters for IR-SAR protocol (T = 50 °C) (Wallinga et al., 2000).
	Step
	Treatment
	Observed measurement

	1
	Natural signal
	

	2
	Preheat, 60 s at 250 °C
	Removes thermally unstable signal 

	3
	IR stimulation, 100 s at 50 °C 
	Ln, Lx

	4
	Test dose
	

	5
	Preheat, 60 s at 320 °C 
	Removes thermally unstable signal

	6
	IR stimulation, 100 s at 50 °C
	Tn, Tx

	7
	IR stimulation, 200 s at 100 °C
	Illumination

	8 
	Give dose and return to step 2 
	



Table S3. Parameters for pIRIR-SAR (T = 290 °C) protocol (Buylaert et al., 2009).
	Step
	Treatment
	Observed measurement

	1
	Natural signal
	

	2
	Preheat, 60 s at 320 °C
	Removes thermally unstable signal 

	3
	IR stimulation, 100 s at 50 °C 
	

	4
	IR stimulation, 100 s at 290 °C
	Ln, Lx

	5
	Test dose
	

	6
	Preheat, 60 s at 320 °C 
	Removes thermally unstable signal

	7
	IR stimulation, 100 s at 50 °C
	

	8 
	IR stimulation, 100 s at 290 °C
	Tn, Tx

	9
	IR stimulation, 200 s at 325 °C
	Illumination

	10
	Give dose and return to step 2 
	






	Sample name
	pVIR De (Gy)
	IR / pIRIR
De (Gy)
	pVIR aAge (ka)
	IR / pIRIR aAge (ka)

	Volcanic ash fine- grain sampless

	PRL23-01
	137 ± 4
	140 ± 9
	17 ± 1
	16 ± 1

	PRL23-02
	176 ± 5
	146 ± 8
	26 ± 1
	20 ± 1

	PRL23-03
	183 ± 13
	222 ± 22
	27 ± 3
	31 ± 3

	Pottery fine- grain sampless

	PRL23-04
	6.3 ± 0.3
	4.0 ± 0.6
	0.9 ± 0.1
	0.5 ± 0.1

	PRL23-05
	13.3 ± 0.3
	12 ± 3
	1.8 ± 0.1
	1.6 ± 0.4

	PRL23-06
	13.1 ± 1.3
	12.0 ± 0.6
	3.3 ± 0.4
	3.4 ± 0.3

	PRL23-07
	14.2 ± 0.1
	15.8 ± 0.8
	3.3 ± 0.2
	4.1 ± 0.4

	Fluvial coarse- grain sampless

	MHK-09-12
	96 ± 5
	96 ± 11
	58 ± 7
	58 ± 9

	MHK-09-13
	109 ± 7
	120 ± 11
	60 ± 7
	66 ± 9

	PRL23-08
	226 ± 6
	311 ± 23
	63 ± 3
	86 ± 8

	PRL23-09
	307 ± 16
	390 ± 22
	114 ± 9
	144 ± 12

	Fluvial fine- grain sampless

	PRL23-08
	147 ± 2
	270 ± 10
	38 ± 1
	68 ± 3

	PRL23-09
	211 ± 5
	327 ± 7
	73 ± 3
	107 ± 4

	PRL23-10
	9.6 ± 0.5
	5.5 ± 0.3
	1.6 ± 0.1
	1.0 ± 0.1

	PRL23-11
	15.0 ± 0.3
	12.2± 0.5
	2.5 ± 0.1
	2.1 ± 0.1


Table S4. Estimated De values and ages for all samples using pVIR-, IR- and pIRIR-SAR protocol considering residual dose subtraction. Fonts in italics represents the measurements for IRSL at 50 °C.
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