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(1) Luminescence dating studies on the Chinese Loess Plateau

The single-aliquot regenerative-dose (SAR) protocol has greatly improved the precision
and accuracy of the optically stimulated luminescence (OSL) dating of quartz (Murray and
Wintle, 2000; Wintle and Murray, 2006), and it has been widely applied to constrain the
chronology of the loess—paleosol sequences of the Chines Loess Plateau (CLP). These quartz
OSL—dated sites include, but are not limited to, the following sections: Luochuan (Buylaert et
al.,2007; Luetal.,2007; Lai, 2010; Chapot et al., 2012; Fu et al., 2012; Lu et al., 2013), Weinan
(Kang et al., 2013, 2018, 2020), Xifeng (Lu et al., 2006; Stevens et al., 2006, 2007; Timar-
Gabor et al., 2017), Huanxian (Lu et al., 2006), Beiguoyuan (Stevens et al., 2006, 2007, 2008,
2013), Xunyi (Stevens et al., 2008; Lu et al., 2013), Yuanbao (Lai and Wintle 2006; Lai et al.,
2007), Lingtai (Peric et al., 2019), Zhongjiacai (Buylaert et al., 2008), Jingyuan (Sun et al.,
2010, 2012), Gulang (Sun et al., 2012), Yulin (Lu et al., 2013), Jingbian (Stevens et al., 2018),
and Zhenbeitai (Wu et al., 2019).

Among these studies, several have proposed the general continuity of dust accumulation
on millennial timescales, such as during the last glaciation at the Jingyuan section (Sun et al.,
2010), and during Marine Isotope Stage (MIS) 2 at multiple sections (Kang et al., 2015).
Meanwhile, several studies identified age gaps of 45 kyr or ~10 kyr at sections such as Xifeng,
Huanxian, Beiguoyuan and Tuxiangdao (Lu et al., 2006; Stevens et al., 2006; Buylaert et al.,
2008).

As the quartz OSL signal saturates at a relatively low dose, generally it cannot provide

reliable ages beyond 100 ka, and thus OSL dating applications on the CLP are mainly restricted
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to the Holocene and last glacial periods (SO and Li units). Underestimation of quartz OSL ages
on the CLP appeared from 70 ka (Lai, 2010) or even 40 ka (Buylaert et al., 2007; Chapot et al.,
2012; Timar-Gabor et al., 2017; Peric et al., 2019), which is much younger than expected from
the shape of the dose response curve (DRC). The early appearance of age underestimation may
be related to the anomalously low signal stability of quartz on the CLP (Fan et al., 2011; Lai
and Fan, 2014), and the deviation between the natural and laboratory DRCs: i.e., the natural
DRC reaches saturation much earlier (Timar-Gabor and Wintle, 2013; Timar-Gabor et al.,
2015). The thermal-transferred OSL (TT-OSL) of quartz continues to grow at very high doses
and has shown the potential for dating as far back as the Brunhes/Matuyama (B/M) boundary
at ~780 ka, by applying pulsed irradiation for DRC construction (Wang et al., 2006). Using TT-
OSL dating, Kang et al. (2011) dated the last interglacial palaeosol (unit S1) at the Weinan
section. However, TT-OSL dating has not been widely applied on the CLP, probably due to the
low thermal stability (Chapot et al., 2016; Liu et al., 2016). The violet stimulated luminescence
(VSL) of quartz also has a very high characteristic saturation dose (Do) (Jain, 2009). VSL dating
of sand-sized (63—90 um) quartz from the Luochuan section generated ages up to ~900 ka, in
agreement with independent age control (Ankjergaard et al., 2016; Ankjergaard, 2019).
However, VSL dating of silt-sized (4—11 um) quartz from the Luochuan section also showed
the deviation of the natural and laboratory DRCs from ~250 Gy, which resulted in age
underestimation for De values beyond 250 Gy (Rahimzadeh et al., 2021).

Compared to the OSL signal of quartz, the infrared stimulated luminescence (IRSL) from

K-feldspar also saturates at a higher dose, which can increase the upper dating limit. However,
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the application of IRSL dating with feldspar has been hampered by anomalous fading (Spooner,
1992; 1994). The thermally stable IRSL signal of K-feldspar still fades under ambient
temperatures, due to quantum tunneling between the electron traps and holes (Wintle, 1973;
Visocekas, 1985), which would result in age underestimation. Various fading correction
methods have been proposed (Huntley and Lamothe, 2001; Lamothe, 2003; Huntley 2006;
Kars et al., 2008). However, accurate fading-corrected ages rely both on the assumptions
behind the fading correction models and accurate measurements of fading rates.

Thomsen et al. (2008) reported that the second-step IRSL signal measured at a higher
temperature (225 °C) after a preceding IRSL measurement at 50 °C showed much less fading.
Based on this observation, post-infrared infrared (pIRIR) dating protocols have been proposed,
such as the two-step pIRIR protocols (Buylaert et al., 2009; Thiel et al., 2011; Reinmann and
Tsukamoto, 2012) and the multiple-elevated-temperature (MET) pIRIR protocols (Li and Li,
2011; Fu and Li, 2013). An increasing number of studies have applied pIRIR dating to Chinese
loess deposits older than the last glacial period (e.g., Buylaert et al., 2015; Stevens et al., 2018;
Zhang et al., 2018; Wu et al., 2019). Specifically, long depositional hiatuses of up to ~60 kyr
were identified by Stevens et al. (2018) at the Jingbian section on the northern margin of the
CLP, and a depositional hiatus of ~30 kyr was also reported for the Zhenbeitai section, located

at the boundary of the CLP and Mu Us desert (Wu et al., 2019).

(2) Details of the experiments and luminescence age model construction

Stainless steel tubes (diameter 5 cm, length 25 cm) were hammered into the newly-
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excavated section of the Luochuan loess-paleosol sequence, and were then extracted, sealed
and transported to the luminescence dating laboratory at the University of Hong Kong. In the
laboratory, the samples were opened under subdued red light, and the outermost 2—3-cm of
sample material from both ends of the tube was removed and used to measure the dose rate.
The inner part of the sample was treated with 10 % HCI and 30 % H20:2 to remove carbonates
and organic matter, respectively. The sample was then dried and sieved to separate the 63—90
um grain size fraction. Heavy liquid separation was used to extract the K-feldspar grains (<2.58
g/cm?), which were then etched with 10 % HF, combined with magnetic stirring, for 5-15 min
(depending on the abundance of the grains) to remove the surface layer affected by alpha
irradiation (Duval et al., 2018). The etched K-feldspar grains were then mounted on 9.7-mm
stainless steel discs (~3 mm in diameter) with silicone oil as an adhesive.

The MET-pIRIR signals of K-feldspar were measured in this study (Li and Li, 2011). D.
measurements were made using an automated Rise TL/OSL DA-20 reader, equipped with a
998r/”°Y beta source (0.14 Gy/s on the stainless steel discs). Infrared light (870 + 40 nm) was
used for stimulation. Luminescence signals were detected by a photomultiplier tube with a filter
pack comprising Schott BG-39 and Corning 7-59 filters. Both the SAR and MAR protocols
were applied. For the SAR protocol, the preheat was performed at 300 °C for 60 s, and IR
stimulations were successively carried out at temperatures of 50 °C, 100 °C, 150 °C, 200 °C
and 250 °C for 100 s (Table S1). The initial 10 s signal of the decay curve was integrated, with
the final 10 s signal subtracted as the background. The MET-pIRIR2s0 signal was applied for

SAR D. estimation and age calculation. The signal intensities and the DRCs of the MET-
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pIRIR2s0 signal of two samples are shown in Fig. SI.

The MAR protocol was adopted from previous studies (Li et al., 2013; Chen et al., 2015).
A cutheat treatment up to 500 °C was performed before administering the test dose to remove
the ‘memory effect’ (Table S2). For the MAR protocol, all samples were preheated at 320 °C
for 60 s, and then stimulated with IR light at 50 °C, 100 °C, 150 °C, 200 °C, 250 °C and 300 °C
for 100 s (Table S2). The MET-pIRIR300 signal was applied for MAR De estimation and age
calculation. To directly compare the performances of SAR and MAR protocols, 9 samples from
units S2—-S3 were also measured with the preheat temperature at 320 °C and the highest pIRIR
stimulation temperature at 300 °C. A comparison between the De values of different protocols
is shown in Fig. S2.

Standard growth curves (SGCs) were constructed with the ‘regenerative-dose
normalization’ method to reduce the measurement time of De (Li et al., 2015; Zhang and Li,
2019). For the SAR protocol, details of the SGC construction and De estimation were described
in a previous study (Zhang and Li, 2019). For the MAR protocol, a new SGC was constructed
in this study. The construction of the MAR SGC consisted of the following steps: 1) Aliquots
of 13 samples were bleached using a solar simulator (ORIEL, with a 1000 W xenon arc lamp)
for ~8 h. 2) The bleached aliquots of each sample were divided into several groups and given
different regenerative doses (0—3000 Gy). Among them, a regenerative dose of 500 Gy was
given to one group of aliquots for each sample. 3) For each sample, the sensitivity-corrected
luminescence signal (Lx/Tx) of all the aliquots was normalized by the mean Lx/Tx value of the

aliquots from the 500-Gy group. The test doses of all MAR measurements were fixed at 100
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Gy. 4) The re-normalized Lx/Tx values of all the aliquots of all samples were plotted versus the
corresponding regenerative doses, and the SGC was fitted with a single saturating exponential
(SSE) and a double saturating exponential (DSE) function (Fig. S3). In this study, we applied
the SSE function as it described the SGC quite well. The MAR SGC is: y = 0.100+1.755*(1-
exp(-x/695)), where y is the re-normalized Lx/Tx, and x is the dose. The Do is 695 Gy.

After the MAR SGC was constructed, two groups of aliquots were prepared to measure
De. One group of aliquots was used to measure the natural signal (L./Tn values), and the other
group was bleached for ~8 h and then given a regenerative dose. The corresponding signals
were then measured (Lx/Tx values). This regenerative dose (Dr) was generally set close to the
expected De as it would provide greater accuracy for SGC De estimation (Li et al., 2015; Peng
et al., 2016; Zhang and Li, 2019). The median value of the Lx/Tx values of the ‘regenerative-

dose’ aliquots was used to re-normalize the median value of the Ln/Tn values of the ‘natural’

aliquots, as follows: f(D,) = f(D,.) i’;ﬁ:, where fiDe) and f(D:) are the corresponding
functional values of De and Dr in the MAR SGC. SGC De was calculated from f{(D.). Median
rather than mean values were used as the median values were less affected by the outliers.
Outliers of the Ln/Tn or Lx/Tx values were identified and rejected by the median absolute
deviation method using the criterion of 2.5 (Hu et al., 2019; Rousseeuw et al., 2006). The errors
of the median Ln/Tn or Lx/Tx were calculated from the standard errors of all measured Ln/Tn or
Lx/Tx values. De errors were calculated by error propagation.

To estimate the environmental dose rate, the contributions of U and Th were estimated

using thick-source alpha counting. The counting rates were converted to B and y dose rates
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using conversion factors (Ademic and Aitken, 1998). Whole rock K concentrations were
measured by X-ray fluorescence. The internal K and Rb concentrations of K-feldspar were
assumed to be 13 + 1% and 400 + 100 ppm, respectively (Huntley and Baril, 1997; Zhao and
Li, 2005). The cosmic-ray contribution was estimated according to the sampling altitude,
latitude, and depth below the ground surface (Prescott and Hutton, 1994). Water contents were
estimated based on previous studies. Lu et al. (2007) measured the in-situ water contents of
units SO, L1 and S1 at the Luochuan section. Most samples from units L1-1 and L1-3 (MIS 2
and 4) had water contents of 15 +2 %, except for two samples adjacent to the L1-3/S1 boundary
which had a water content of 25 £+ 2 %. In unit L1-2 (MIS 3), the water contents of most samples
were 20 £2 % (Lu et al., 2007). In unit S1 (MIS 5), the water contents were 20-25 +2 % (Lu
et al., 2007). Here, we used water contents of 25 + 5 % for units S1, S2 and S3, and 15+ 5 %
for units L2, L3 and L4. However, in the lower part of unit L2 (14.35-16.45 m), the water
contents were set to 20 £ 5 %, as the lower part of unit L2 is close to unit L1-2 (MIS 3) in terms
of the climate proxies. The four samples at the top of L2 (11.1-11.4 m in depth) have high
carbonate concentrations (Fig. S4). The carbonate accumulation occurred long after the time
of deposition, and the currently measured dose rates should be lower than the dose rates before
carbonate accumulation (Zhang et al., 2018). Samples within the interval of 11.5-12.5 m were
not subject to carbonate accumulation, and their mean dose rate (D) may represent the initial
dose rate of the four samples. For each of the four samples, a revised dose rate was calculated
by taking the mean of its currently-measured dose rate and Do (Fig. S4). The revised ages were

then used in Bacon age-depth modelling. The De. values, dose rates and ages are summarized
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in Supplemental data.xIsx.

Numerous quartz OSL ages have already been reported for the Luochuan section (e.g., Lu
et al., 2007, Lai, 2010; Fu et al., 2012). To correlate the sample depths, the SO/L1 and L1/S2
boundaries were used as tie points to adjust the depths in previous studies to the depths in our
study. There is also a slight difference in the thickness of SO and L1 between these studies.
Once the boundary depths of SO and L1 were fixed, the depths of samples within SO and L1
were adjusted based on the relative position of each sample within SO or L1. In this study, we
used the 35 published quartz OSL ages (Lu et al., 2007, Lai, 2010; Fu et al., 2012), together
with 96 feldspar pIRIR ages (50 SAR ages for samples above the L2/S2 boundary and 46 MAR
ages for samples below the L2/S2 boundary). Bacon age-depth modelling was performed to
obtain the absolute age model. Prior information about inverse accumulation rates consisting
of a gamma distribution were set as: acc.shape = 1.5, and acc.mean =100-150 years/cm for
loess units and 300 years/cm for paleosol units. The prior acc.mean values were obtained from
the linear fitting of depths and ages in each unit. Parameters for the memory effect consisting
of a beta distribution were set as: mem.mean = 0.7 and mem.strength = 4, which were the same
as in previous studies (Stevens et al., 2018). The modelling thickness was set as 10 cm and the

modeled ages were also calculated at a resolution of 10 cm.

(3) Tests of the reliability of the dating protocols

a) Comparison of SAR and MAR De values



Generally, the MAR protocol generated De values larger than the SAR protocol. However,
for the six samples above 16.5-m depth (i.e., the L2/S2 boundary), the mean age difference
between the SAR and MAR was only 4 kyr. As the MAR ages used the pIRIR signal at 300 °C
(MET-pIRIR300) and the SAR ages used the pIRIR signal at 250 °C (MET-pIRIR250), the
slightly older MAR ages may be related to the higher residual dose and/or higher signal stability
of the MET-pIRIR300 signal compared to the MET-pIRIR2s0 signal. However, an age difference
of 4 kyr is negligible for the old samples used in this study. The SAR ages and MAR ages can
still be regarded as consistent above the L2/S2 boundary. For the samples from unit S2, the
SAR ages became systematically younger than the MAR ages. For samples below the S2/L3
boundary, the SAR ages ceased to increase with depth, while the MAR ages continued to
increase with depth. The nine samples from units S2—S3 were repeatedly dated by the SAR
protocol with a preheat temperature at 320 °C and the highest pIRIR stimulation temperature
at 300 °C. The SAR De of the MET-pIRIR300 signal was very close to the SAR D. of the MET-
pIRIR250 signal, indicating that signal instability was not the cause of the SAR age
underestimation here (Fig. S2). Instead, the underestimation is likely be related to the smaller
Do in the DRC of the SAR protocol.

b) Residual dose

The pIRIR signal of K-feldspar measured at high temperatures may contain components
that cannot be bleached by natural sunlight, which will result in age overestimation (Buylaert
et al., 2011; Chen et al., 2013). To evaluate this influence of residual doses, several samples

from units S1, L2 and S3 were bleached using a solar simulator (ORIEL, with a 1000 W xenon
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arc lamp) for different intervals (1-8 h) and the residual doses were measured using the SAR
protocol. The residual doses were < 8 Gy for the MET-pIRIR2s0 signal and < 11 Gy for the
MET-pIRIR300 signal, after solar bleaching for 4 h (Fig. S5). Given that the D. values adopted
for establishing the luminescence age model were 300-700 Gy for the MET-pIRIR2s0 signal
(above L2/S2 boundary), and 700-1200 Gy for the MET-pIRIR300 signal (below L2/S2
boundary), these residual doses have only negligible effects on the age estimation.

c) Signal stability

The proposal of the MET-pIRIR protocol is based on the assumption that when a D.
plateau is reached between pIRIR signals stimulated at high temperatures, these high
temperature pIRIR signals can be regarded as stable signals with negligible fading (Li and Li,
2011; 2012). In this study, the De values of the pIRIR signals at 250 and 300 °C were consistent
with each other, considering the errors (Fig. S6), which indicated the stability of the pIRIR
signals at 250 °C and 300 °C. Additional evidence for signal stability is that our luminescence
age model generated an age of 327 + 14 ka for the S3/L4 boundary, with the MET-pIRIR300
signal. Orbitally-tuned ages at this boundary between different studies are very similar to each
other, within the range of 334-342 ka (Ding et al., 1994, 2002; Lu et al., 1999, 2022; Heslop
etal., 2000; Sun et al., 2006a, b). The general consistency between our luminescence age model
and the orbitally-tuned ages at this boundary indicates that the MET-pIRIR300 signal has
negligible fading for an age range up to ~350 ka. Thus, no fading correction was performed in
this study.

d) Dose recovery tests
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Dose recovery tests were performed to test the reliability of the protocols on the SAR De
measurements. Several samples were bleached by the solar simulator for 2 h and then given
different doses. Previous studies suggested that an appropriate test dose size should be used for
successful dose recovery (Fu et al., 2015, Yi et al., 2016, Stevens et al., 2018). In this study, the
SAR De values were measured using two different test doses, 72.5 Gy and 145 Gy, and dose
recovery tests were also performed with these two test doses. The recovery ratios were
calculated by dividing the measured doses (with the residual dose subtracted) by the given
doses. Recovery ratios are plotted with the given doses in Fig. S7. With the test dose of 72.5
Gy, given doses of 200-550 Gy could be successfully recovered within 1.0 + 0.1. When the
given doses were larger than 600 Gy, the recovered doses were overestimated by more than
10 %. With the test dose of 145 Gy, given doses of 300-750 Gy could be successfully recovered
within 1.0 = 0.1. When the given doses were less than 300 Gy, the recovered doses were
underestimated by more than 10 %. In this study, the test dose of 72.5 Gy was used for dating
for samples with De < 500 Gy, and the test dose of 145 Gy was used for dating samples with
De > 500 Gy, which always met the requirements for successful dose recovery.

For the MAR protocol, the pre-dose effect was completely removed by the ‘heat to 500 °C’
treatment and the test dose signals were only used for normalization between aliquots, as in
mass normalization. The size of the test dose had no effect on the MAR De estimation. No dose
recovery tests were performed for the MAR protocol. The consistency between the SAR and

MAR ages in L2 unit also indicated the reliability of the MAR protocol.
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(4) Global climatic evidence for reassigning the age of the MIS 8/9 boundary

to ca. 280 ka

Much evidence suggests that the interglacial climate of MIS 9 continued to ca. 280 ka.
The composite sea level record shows that the global sea level gradually decreased across the
previous MIS 8/9 boundary (300 ka) but was followed by an increase in sea level which peaked
at ca. 285 ka (Spratt and Lisiecki, 2016). This prolonged interglacial climate is also evident in
key records from Eurasia, where the rainfall generally increased during interglacials. For
example, on the CLP, unit S3 (corresponding to MIS 9) is a tricyclic paleosol at the Weinan
loess section (Guo et al., 1996) and the Jingyuan section (Sun et al., 2006a). In semiarid central
Asia, the stalagmite at Kesang Cave has three well-resolved §'®0 rainfall peaks, related to
precession, during the period of 337-280 ka (Cheng et al., 2012). In southern Europe, there are
three precessional cycles in arboreal pollen curves during MIS 9 (Tzedakis et al., 2001, 2006).
These various lines of evidence suggest that it is more reasonable to reassign the age of the

MIS 8/9 boundary from 300 ka to ca. 280 ka (Railsback et al., 2015).
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Tables and Figures

Table S1. The SAR MET-pIRIR dating protocol used in this study (Li and Li, 2011).

Step Treatment Observed
1 Give regenerative dose, Di*

2 Preheat at 300 °C for 60 s

3 IRSL measurement at 50 °C for 100 s Lx(s0)
4 IRSL measurement at 100 °C for 100 s Lx(100)
5 IRSL measurement at 150 °C for 100 s Lxs0)
6 IRSL measurement at 200 °C for 100 s Lx200)
7 IRSL measurement at 250 °C for 100 s Lx@s0)
8 Give test dose, D¢

9 Preheat at 300 °C for 60 s

10 IRSL measurement at 50 °C for 100 s Tx(50)
11 IRSL measurement at 100 °C for 100 s Tx(100)
12 IRSL measurement at 150 °C for 100 s Tx(150)
13 IRSL measurement at 200 °C for 100 s Tx(200)
14 IRSL measurement at 250 °C for 100 s Txs0
15 IR bleaching at 320 °C for 100 s

16 Return to step 1

 For the first cycle, Di refers to the equivalent dose (De)
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Table S2. The MAR MET-pIRIR dating protocol used in this study, modified from Li et al.

(2013) and Chen et al. (2015).

Step Treatment Observed
1 Give regenerative dose, D;®

2 Preheat at 320 °C for 60 s

3 IRSL measurement at 50 °C for 100 s Lx(s0)
4 IRSL measurement at 100 °C for 100 s Lx(100)
5 IRSL measurement at 150 °C for 100 s Lxaso
6 IRSL measurement at 200 °C for 100 s Lxo0)
7 IRSL measurement at 250 °C for 100 s Lxs0)
8 IRSL measurement at 300 °C for 100 s Lx@oo)
9 Cutheat to 500 °C

10 Give test dose, Dy

11 Preheat at 320 °C for 60 s

12 IRSL measurement at 50 °C for 100 s Tx(s50)
13 IRSL measurement at 100 °C for 100 s Tx(100)
14 IRSL measurement at 150 °C for 100 s Tx(150)
15 IRSL measurement at 200 °C for 100 s Tx(200)
16 IRSL measurement at 250 °C for 100 s Tx250
17 IRSL measurement at 300 °C for 100 s Lxaoo)

2 For the first cycle, Di refers to the equivalent dose (De)
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Table S3. Boundary ages from the orbital-tuned timescales, Marine Isotope Stages, and the

luminescence age model (Bacon age-depth modelled) built in this study.

Boundary | Ding et Luet Heslop | Dinget | Sunetal. | Sunetal. | Luetal. | Lisiecki This study,
al. al. et al. al. (2006a) (2006b) (2022) and luminescence
(1994) | (1999) (2000) (2002) | (MS and (grain MS) Raymo age model
(grain MS) MS) (grain grain size) (2005)
size) size) size) (benthic
31%0)
L1/S1 72 71 79 73 73 72 73 71 72+3
S1/L.2 128 129 129 128 129 128 131 130 129 + 4
L2/S2 190 188 196 190 189 190 195 190 187+7
S2/L3 250 254 250 245 244 245 246 243 243 +8
L3/S3 282 279 290 307 280 279 298 300 276+ 9
S3/L4 334 334 342 336 335 336 338 337 327+14
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Figure S1. SAR De estimation from the dose response curves (DRCs) of samples 14LC-10.7
and 14LC-19.4, for the MET-pIRIR250 signal. The DRCs were fitted with a single saturating
exponential function: y=y0+a*(1-exp(-x/Do)), where Do is the characteristic saturation dose.
Data for seven aliquots for each sample are shown. Each symbol represents a single aliquot.
The inset graphs illustrate the intensities of the natural signal and the test dose signal of a

specific aliquot.
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Figure S2. Comparison of SAR and MAR De values versus sampling depth. Note that the SAR

De values become ‘saturated’ below S2. Detailed data are given in Supplemental Data.xIsx.
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Figure S3. Standardized growth curves (SGCs) constructed for the MAR protocol, fitted with

single saturating exponential (SSE) and double saturation exponential (DSE) functions. Note

that the two SGCs are very similar when the dose is smaller than 2250 Gy. With the SSE fitting,

Do is 695 Gy.
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Figure S4. Dose rates and ages for samples at the S1/L2 boundary. The four samples at the top
of L2 unit (11.1-11.4 m in depth) have high carbonate concentrations. Samples within the
interval of 11.5-12.5 m were not affected by carbonate accumulation, and their mean dose rate
was calculated to represent the initial dose rate of the four samples from the top of L2 (Dro).
For each of the four samples from the top of L2, a revised dose rate was calculated which is
the mean of its currently measured dose rate and Dro. The red data points represent the revised
dose rates and ages of the four samples. The revised ages were used in Bacon age-depth

modelling.
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Figure S5. Residual doses of IR or pIRIR signals at different temperatures, measured after
different durations of solar simulator bleaching. Each data point is an average of 2-3 aliquots

and the error bar refers to one standard error. After solar bleaching for 4 h, the residual doses

were < 8 Gy for the MET-pIRIR250 signal and < 11 Gy for the MET-pIRIR300 signal.
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Figure S6. SAR De versus IR and pIRIR signals at different stimulation temperatures. De values
are close to each other for pIRIR signals at 250 °C and 300 °C, which indicates that the fading

of these signals measured at 250 °C and 300 °C is negligible.
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Figure S7. Dose recovery results with two different test doses (74). With a test dose of 72.5 Gy,
given doses within the range of 200-550 Gy were successfully recovered (within 1.0 + 0.1).
With a test dose of 145 Gy, given doses within the range of 300-750 Gy were successfully

recovered.
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