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K-feldspar luminescence dating has been widely applied to constrain the timing
of Quaternary sedimentation in different environments. However, the
measurements are time-consuming. Meanwhile, anomalous fading and
partial bleaching are the two potential problems inducing dating uncertainty.
In this study, sand-size K-feldspar grains extracted from 32 luminescence
samples from the northern slope of the Khangai Mountains, Mongolia, were
dated using the post-infrared (IR) infrared stimulated luminescence protocol
(pIRIRy50. subscript shows the second stimulation temperature). The
standardized dose-response curves (sDRCs) for luminescence dating, which
could improve the measurement efficiency, were constructed. The K-feldspar
luminescence chronology has been established after careful investigations of
fading correction and bleaching degree of the signals. The sSDRCs and individual
DRC vyield consistent ages, indicating that sDRCs are applicable for
luminescence dating with an improvement in measurement efficiency. The
fading corrected ages using the two fading correction models are generally in
agreement. Based on age comparisons between the radiocarbon dates, the
fading corrected plRIR;s0 and IRsg ages, the plRIR;so signal was not fully
bleached for several samples. In contrast, some [R5 ages were
overestimated due to fading over-correction. The investigated profiles have
documented the sedimentary information since the last deglaciation.
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1 Introduction

Quartz and potassium-rich (K-) feldspar luminescence
dating methods have been widely applied to establish precise
chronologies of Middle-Late Quaternary sediments (Wallinga,
2002; Fuchs and Owen, 2008; Roberts, 2008; Thrasher et al., 2009;
Lamothe, 2016). According to the single aliquot regenerative-
dose (SAR) protocol (Wintle and Murray, 2000), the K-feldspar
infrared stimulated luminescence (IRSL) dating protocol
(Wallinga et al., 2000) could be used to date the sediments
since the Middle Pleistocene due to the larger dating range
compared to that of the standard quartz luminescence signal.
For more effective equivalent dose (D,) estimation, several
approaches to constructing the standardized dose-response
curve (sDRC) or standardized growth curve (SGC) have been
proposed by Roberts and Duller (2004), which has been
evaluated for luminescence dating of different types of
sediments (Lai, 2006; Telfer et al, 2008; Long et al., 2010).
More recently, the sDRCs for quartz OSL and K-feldspar
IRSL signals based on the re-normalization and least-squares
normalization methods have been constructed in a global field of
vision (Li et al., 2015a, 2015b; Li B. et al., 2018). Accordingly, the
characteristics of the sDRCs for the OSL signal from quartz
fraction and the IRSL signal from various coarse- and fine-
grained fractions were explored (Zhang and Li, 2019; Fu et al,
2020).

The accuracy of the K-feldspar IRSL luminescence ages could
be potentially influenced by two major issues. First, anomalous
fading, as the undesirable loss of the IRSL signal, could result in
age underestimation. Athermally more stable signals, such as the
post-IR IRSL (pIRIR) (Thomsen et al., 2008; Buylaert et al., 2009;
Li and Li, 2011), pulsed IRSL (Tsukamoto et al., 2017), IR
photoluminescence (IR-PL) (Prasad et al, 2017), and post-
isothermal IRSL (Lamothe et al., 2020), have shown less-to-
negligible fading. The outcome of the previous studies has shown
that the pIRIR,op and MET-pIRIR,5, (subscript means the
stimulation temperature) signals do not fade (Li and Li, 2011;
Thiel et al, 2011), which have been widely applied for
the of
Quaternary archives (Buylaert et al., 2013; Yi et al., 2015; Guo

constraining timing sedimentation of various
et al,, 2016). However, a higher stimulation temperature of the
pIRIR signal induces a larger residual dose than that of the signal
stimulated at a lower temperature, resulting from the slower
bleaching process (Colarossi et al., 2015; Tsukamoto et al., 2017).
This is the second problem that influences the accuracy of the
luminescence ages, especially for the young sediments, as the
level of the residual dose is significant compared to the equivalent
dose. Therefore, applying the low-temperature stimulated IRSL
signal (fast-to-bleach), such as the pIRIR;5, (Madsen et al., 2011;
Reimann et al., 2011; Long et al., 2014), pIRIR,,5 (Buylaert et al.,
2009), and MET-pIRIR 7o (Fu and Li, 2013) signals, with proper
fading correction is reasonable to date the young sediments.

Although anomalous fading is not negligible, it can be corrected
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using the proper models (Huntley and Lamothe, 2001; Lamothe
etal., 2003; Wallinga et al., 2007; Kars et al., 2008). Among them,
the models proposed by Huntley and Lamothe (2001) are
applicable to correct anomalous fading for ages not older than
ca. 20-50 ka, corresponding to the linear region of the dose
growth. The “dose-rate correction” model suggested by Lamothe
etal. (2003) could yield reliable corrected ages correlating to both
the linear and nonlinear parts of DRC (Lamothe et al., 2003; Li
et al,, 2018a). Compared to the model of Huntley and Lamothe
(2001), the fading correction following Lamothe et al. (2003) is
advantageous because it could be applied for the full DRC. It is
also beneficial to use the Lamothe et al. (2003) model as no
iteration is needed. This model has been used to correct ages
associated with the nonlinear dose region in several studies
(Mercier et al., 2019; Nalin et al., 2020), but it has rarely been
applied to relatively young ages.

Khangai Mountain is located in central Mongolia. Sediments
in the Khangai-Gobi-Altai (western Mongolia) since the last
glaciation have been widely studied (Peck et al., 2002; Feng
et al., 2005, 2007; Schwanghart et al., 2009; Klinge et al., 2017;
Lehmkuhl et al, 2018). The north slope of the Khangai
Mountain, covered by forest steppe, is regarded within the
center of the Siberian-Mongolian High (Bohner, 2006).
Investigating the Quaternary archives in this area helps better
understand the evolution of the East Asian winter monsoon in
the Late Quaternary. A robust chronology is fundamental for
explorations of geomorphological processes, glaciation, and
palaeoclimatological evolution. Timing of sedimentation in
west Mongolia since the Late Pleistocene has been mainly
and K-feldspar
luminescence dating approaches (see references in Klinge and

constrained using radiocarbon, quartz,
Sauer, 2019). The geomorphological evolution along the north
slope of Khangai Mountain, Mongolia, since the Late Pleistocene
has been well studied by Klinge et al. (2022). However, the
applicability of the sDRCs and the reliability of the K-feldspar
luminescence ages were poorly investigated. In this study, the
coarse-grained K-feldspar fraction from 32 luminescence
samples of soil, aeolian, alluvial, and colluvial origins was
dated using the pIRIR;s, protocol. Preliminary pIRIR;s, ages
based on the individual DRC have been presented by Klinge et al.
(2022). sDRC was constructed based on the re-normalization
method suggested by Li et al. (2015a). The fading correction for
the pIRIR;5y and IRs, luminescence ages was conducted using
the fading correction models proposed by Huntley and Lamothe
(2001) and Lamothe et al. (2003). The aim of this study is
threefold. First, we aim to construct the sDRCs for the
K-feldspar IRSL signals using the re-normalization method of
Li et al. (2015a) and the test dose-standardization method of
Roberts and Duller (2004). The reliability of the sDRCs was
assessed by comparing the ages determined using sDRC and the
individual DRCs. Second, the apparent ages are corrected for
anomalous fading to evaluate the applicability of the fading
corrected models. Finally, the radiocarbon dates, the fading
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digital elevation model is http://www.cgiar-csi.org.

corrected IRs, and pIRIR; 5y ages are compared to investigate the
degree of signal bleaching and determine the timing of
sedimentation in the NW Khangai Mountain area since the
Late Pleistocene.

2 Sample preparation

In this study, 32 luminescence samples were collected from
14 selected sites in the area of Telmen Nuur (lake) and
Tosontsengel to investigate the reliability of the sDRC and
luminescence ages and establish the chronological framework
of the sediments of different types (Figure 1, Table 1). The
sediments are characterized as aeolian, soil, alluvial, and
colluvial types. Detailed information on the study area can be
found in Klinge et al. (2022) and Supplementary Table S1.

The luminescence samples were taken using cylinders from
the freshly prepared profiles. The cylinders were fully filled with
the sediments and sealed to avoid material mixture and light
exposure. Sample preparation was carried out under subdued red
light in the luminescence laboratory of the Leibniz Institute for
Applied Geophysics in Hannover, Germany. The outer 2 cm of
sediments were discarded for luminescence dating due to
potential light exposure. The inner part was dry-sieved, and
the dominant fraction at the grain-size interval of either
100-150 or 150-200 pm was collected (Table 1). The selected
fraction was then treated with diluted hydrochloric acid (HCI)
for 2 hours, sodium oxalate (Na,C,0,) for 1 day, and hydrogen
peroxide (H,0,) for 2hours to remove carbonate, mineral
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aggregates, and organic matter, respectively. Heavy liquid
separation was conducted after chemical treatment to extract
the quartz and K-feldspar grains, corresponding to the heavy
liquid density of 2.62-2.70 and <2.58 g/cm?, respectively. Etching
was specially conducted on the quartz grains using 40%
hydrofluoric acid (HF) for 1hour to remove the remaining
feldspar grains and etch quartz grains to eliminate the effect
of the alpha-irradiated outer layer.

3 Luminescence instrumentation,
protocol, and measurements

Luminescence measurements were conducted on automated
Risp TL/OSL readers (DA-15/20), equipped with *°Y/*°Sr beta
sources. The mean dose rate of the beta sources (Dju) was
0.105 + 0.010 Gy/s. The extracted quartz grains for several
samples were first measured using the standard single-aliquot
regenerative (SAR) protocol. The results showed that the quartz
grains were severely contaminated by feldspar, indicated by the
largely underestimated IR/OSL depletion ratio. The K-feldspar
pIRIR dating approach was thus used for D, measurement and
age determination. The K-feldspar grains were mounted on
stainless-steel aliquots with a diameter of 2.5 mm. During
(870 + 40nm), the K-feldspar
the UV-blue wavelengths
(320-480 nm) were detected through a combined blue filter
pack (Schott BG-39 and Corning 7-59). The aliquots were
preheated at 180°C for 60s, stimulated at 50°C for 100s

infrared stimulation

luminescence  signals  in
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TABLE 1 Sample information and dose rate determination.

Profile

P-01-01

P-01-02

P-01-09

P-S

P-C

P-E

P-R

P-K

pJ

P-L

P-A

P-H
P-B

P-F

Latitude
(N)

48.645

48.645

48.646

48.685

48.471

48.474

48.693

48.644

48.528

48.723

48.720

48.805
48.462

48.645

Longitude

(E)

98.369

98.378

98.368

98.469

98.221

98.219

98.455

98.361

98.259

98.399

98.258

97.389
98.230

98.361

Elevation

(m)

1,915

1,907

1,901

1,894

1,913

1,830

1,785

1,824

1,821

1,690

1,715

1,806
2,015

1,825

Sample
ID

LUM3769
LUM3770
LUM3751
LUM3752
LUM3917
LUM3919
LUM3933

LUM3758
LUM3760
LUM3761
LUM3764
LUM3765
LUM3766
LUM3767
LUM3768
LUM3931
LUM3932
LUM3921
LUM3922
LUM3912
LUM3913
LUM3914
LUM3915
LUM3923
LUM3924
LUM3754
LUM3755
LUM3775
LUM3756
LUM3757
LUM3771
LUM3772

Sediment

type

Soil
Soil
Soil
Soil
Soil
Soil

Colluvial

loam

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Sandy soil
Sandy soil
Alluvial soil
Alluvial soil
Sandy dune
Sandy dune
Sandy dune
Sandy dune
Sandy soil
Sandy soil
Soil

Soil

Sandy soil
Soil

Soil
Alluvial soil

Alluvial soil

Grain
size
(pm)

100-150
100-150
100-150
100-150
150-200
150-200
150-200

100-150
100-150
150-200
150-200
150-200
150-200
150-200
150-200
150-200
150-200
150-200
150-200
150-200
150-200
150-200
150-200
150-200
150-200
100-150
150-200
150-200
100-150
100-150
100-150
100-150

Depth
(m)

0.48-0.53
1.35-1.40
0.12-0.17
0.92-0.97
0.7-0.75

1.95-2.00
0.55-0.60

0.15-0.20
0.70-0.75
1.28-1.33
0.77-0.82
1.80-1.85
2.18-2.23
2.50-2.55
2.90-2.95
0.84-0.89
1.73-1.78
0.35-0.40
0.85-0.90
1.15-1.20
2.10-2.15
2.45-2.50
3.75-3.00
0.27-0.32
1.22-1.27
0.70-0.75
1.17-1.22
0.85-0.90
0.18-0.23
0.75-0.80
0.47-0.52
1.26-1.31

238U
(Bq/kg)

21.95 £ 2.11
17.34 £ 1.74
21.51 + 2.06
17.45 £ 1.95
16.45 + 1.87
15.62 + 0.97
21.49 £ 2.75

23.82 £ 2.53
22.58 +2.49
15.03 + 2.15
19.53 + 1.85
17.28 + 1.51
13.58 + 1.56
14.49 + 1.49
1291 = 1.74
11.06 + 1.03
12.17 £ 1.04
22.55 + 1.84
15.53 £ 2.29
9.12 £ 1.58

7.16 £ 1.57

6.50 + 1.15

9.90 + 1.58

22.89 + 1.82
19.79 + 1.60
57.23 + 3.07
17.65 + 1.46
9.54 £ 1.38

26.76 £ 1.63
25.27 £ 1.61
29.05 £ 1.93
3549 £ 2.15

2261{a
(Bq/kg)

19.01 + 0.22
16.62 + 0.21
21.81 £ 0.78
20.39 + 0.52
18.07 + 0.68
17.96 + 0.13
19.92 + 1.13

22,51 £ 0.84
19.17 £ 0.79
20.28 £ 0.79
16.86 £ 0.20
16.22 £ 0.21
11.94 £ 0.18
11.79 £ 0.18
12.10 £ 0.17
18.15 £ 0.16
18.71 £ 0.16
22.73 £ 0.70
19.79 £ 0.78
9.59 £ 0.19

10.06 + 0.20
8.64 + 0.17

11.44 £ 0.57
20.18 + 0.23
15.44 £ 0.20
30.47 £ 0.98
15.10 £ 0.36
11.16 £ 0.20
22.05 £ 0.44
24.27 £ 0.52
27.08 + 0.24
27.26 + 0.26

210Pb
(Bq/kg)

18.08 + 2.58
11.75 + 1.88
17.61 £ 1.93
15.90 + 1.62
15.62 £ 1.91
18.80 + 1.14
20.57 + 2.96

27.67 £2.35
17.87 £+ 2.30
1597 £ 1.97
1581 + 2.14
13.97 + 1.88
1498 + 1.95
12.24 + 1.66
15.03 £ 2.10
13.99 + 1.26
14.18 £ 1.29
2322 £ 192
19.60 + 2.12
8.12 £ 2.03

9.51 £ 2.05

7.76 £ 1.51

11.04 + 1.49
18.22 £ 2.19
17.66 + 1.86
27.49 + 248
16.70 £ 1.29
10.40 £ 2.15
21.49 + 1.47
21.58 £ 1.55
28.20 + 2.31
2552 +£2.25

232Th
(Bq/kg)

28.46 + 0.29
24.54 £ 0.25
29.50 + 1.00
31.93 £ 1.07
32.11 + 0.89
25.15 £ 0.14
27.77 £ 1.35

3198 + 1.14
28.72 £ 1.22
31.09 £ 0.96
34.19 + 0.266
22.53 £ 0.24
16.02 + 0.22
16.09 + 0.22
18.17 £ 0.24
23.86 + 0.16
2479 + 0.17
30.63 £ 0.91
24.90 £ 0.88
1523 £ 0.23
1517 £ 0.25
13.69 + 0.21
17.21 £ 0.76
26.88 + 0.28
18.30 + 0.23
4190 + 1.17
2322 +£0.71
13.36 £ 0.21
34.53 £ 0.61
38.49 + 0.65
36.92 £ 0.26
34.87 £ 0.27

40K
(Bq/kg)

723.26 + 3.00
669.33 + 2.63
728.22 + 8.78
755.53 £ 7.47
703.56 + 6.78
767.98 £ 1.55
675.49 + 12.13

710.22 + 8.79
760.07 + 9.34
756.75 £ 9.07
912.56 + 2.86
763.43 + 2.69
796.21 + 2.69
800.51 + 2.56
798.83 + 2.95
651.64 + 1.76
64791 + 1.81
681.43 + 7.11
725.06 + 8.65
831.47 + 3.04
834.54 + 3.05
855.70 + 2.64
850.48 + 7.68
671.32 + 2.60
738.41 + 2.63
740.61 + 9.12
815.35 + 5.67
813.36 + 2.86
683.71 + 5.33
748.54 + 5.51
603.04 + 2.33
661.78 + 2.69

Moisture
(%)

7.5+ 3.0
7.5+ 3.0
7.5+ 3.0
7.5+ 3.0
7.5+ 3.0
7.5+ 3.0
50+25

50+ 25
50+ 25
50+25
50+25
50+25
50+25
50+25
50+ 25
50+ 25
50+ 25
7.5+ 3.0
7.5+ 3.0
50+25
50+25
50+25
50+25
50+ 25
50+ 25
200 £5.0
200 £5.0
50+25
7.5+ 3.0
7.5+ 3.0
7.5+ 3.0
7.5+ 3.0

Dose
rate
(Gy/ka)

3.95 +£0.15
3.66 £ 0.15
4.05 £ 0.16
4.09 £ 0.16
3.82 +0.15
3.89 £ 0.15
3.69 £ 0.16

4.15 £ 0.16
4.14 £ 0.17
4.08 £ 0.16
4.54 £ 0.16
3.89 £ 0.15
3.81 £0.15
3.80 £ 0.15
3.83 £0.15
3.63 +0.14
3.61 +0.14
3.85 £ 0.15
3.82 £ 0.16
3.88 £ 0.16
3.87 £ 0.16
3.87 £ 0.16
3.93 £0.16
3.77 £ 0.15
3.74 £ 0.15
3.95 £ 0.16
3.60 £ 0.16
3.84 £ 0.15
3.98 £0.16
423 £ 0.16
3.87 £ 0.15
3.99 £0.15

e
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TABLE 2 The protocol of K-feldspar pIRIR;5¢ dating.

Step Treatment Observed

—_

N, beta dose®

Preheat for 60 s at 180°C

IR stimulation for 100 s at 50°C
IR stimulation for 200 s at 150 “C L, L
Beta dose (Test dose)®

Preheat for 60 s at 180°C

IR stimulation for 100 s at 50°C

IR stimulation for 200 s at 150°C T,, T.

O 0 NN N Ul s W N

Return to 1

“One regenerative dose of 10.5 Gy (re-normalization dose) was given to all the aliquots
for all the samples during D, measurement.

"The test dose was set to ~30%-50% of the equivalent dose for each sample.

“The natural and regenerative luminescence intensities in the text are shown as I,, (L,/
T,) and I, (L/T,).

(IRsp), and stimulated at 150°C for 200 s (pIRIR;s), respectively
(Table 2).

For each sample, 24 aliquots were measured using the
pIRIR, 5, protocol. The initial 5s of the signal was subtracted

5x10°
1A C
- 4x10° — LUM3923 o
] _ £
S 5 g 2
2 3X10° 7 2 0
5 5 52
3 2x10° £
- 8
] -1 n
£ 00 IRg
_ PIRIR, 5
0 LI B R A R
0 50 100 150 200
> Time (s)
2
g J D
£ 6 LUM3923 1
8 L% o
[ =t - ©
3 g £
[72] »
g 4 30
g | Z g -2
& Al /2 £
8 2 7 o
>
S - £ o IRy
B ® pIRIRs,
a:) 0 ) ] | I
(2]
0 40 80 120
Dose (Gy)

FIGURE 2

10.3389/feart.2022.939852

by the last 15 s to calculate the luminescence intensity (I). The DRCs
for individual samples were constructed using the regenerative doses
and the corresponding luminescence intensities (I,). The aliquots
which yielded unsatisfactory recycling ratios (either <0.9 or >1.1)
were excluded for further D, determination and DRC construction.
Specifically, a regenerative dose of 10.5 Gy was given to all the
aliquots as a re-normalization dose for sSDRC construction (Table 2).

To evaluate the behavior of dose recovery and the level of the
residual signal, the dose recovery test and residual dose
measurement were conducted for each sample. Six aliquots of
each sample were first bleached in a Honle SOL2 solar simulator
for 4 h. Three of them were measured to determine the residual
dose after the 4 h bleaching. The other three bleached aliquots
were firstly given a dose close to the D, value and then measured
using the pIRIR; 5, protocol. The obtained D, was subtracted by
the residual dose and then divided by the given dose to calculate
the dose recovery ratio. Fading experiments were carried out for
all samples to assess anomalous fading for the IRs, and pIRIR; 5,
signals. The I, values of three or four aliquots for each sample
were repeatedly measured after being given a fixed dose close to
the D, value and stored for various delay times (f;). The
fading rates (g, %/decade) were determined by fitting the I, -
ty with the logarithm function. The g values were used for fading

IRso
n=24
OD =5.2+0.9%
=
o
[
o
Frs
Relative standard error
10 5 33 25
10 20 30 40 0 0.033
Precision Density (bw=0.033)
pIRIR1s0 F o
n=22 N
OD =7.2+1.3% &
- <
N
NI
O
rQa
-
Relative standard error
1 .
1l0 2I0 32) ' 0 0‘416
Precision Density (bw=0.017)

Decay curves (A), dose-response curves (B), and D distribution for the IRso (C) and pIRIR;50 (D) signals for one representative sample LUM3923.
The dose-response curve was fitted using a linear (dashed line) and one saturating exponential (dashed line) equation in Figure 2B, respectively.
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TABLE 3 Results of pIRIR;50 dating for all the samples.

Sample
ID

LUM3769
LUM3770
LUM3751
LUM3752
LUM3917
LUM3919
LUM3933
LUM3758
LUM3760
LUM3761
LUM3764
LUM3765
LUM3766
LUM3767
LUM3768
LUM3931
LUM3932
LUM3921
LUM3922
LUM3912
(continued)
LUM3912

LUM3913

LUM3914

Signal g
(%/decade)

PIRIR 5, 1.94 + 038
IR, 751 + 074
PIRIR;5,  3.10 + 1.59
IR, 7.16 + 020
PIRIR;5, 1.89 + 0.58
IRs, 522 + 0.68
PIRIR;5,  1.81 + 0.31
IRs, 533 +0.16
PIRIR;5, 247 + 0.70
IRs, 554 + 021
PIRIR;5, 142 + 0.66
IR, 641 + 0.41
PIRIR;5, 128 + 0.13
IR, 532 + 1.01
PIRIR;5, 138 + 0.13
IRso 591 +0.13
PIRIR;5, 1.03 + 0.48
IRs, 476 + 0.12
PIRIR 5,  2.13 + 0.87
IR, 6.00 + 038
PIRIR;5, 146 + 0.26
IR, 559 + 0.85
PIRIR;5,  2.17 + 0.60
IRs, 829 +0.53
pIRIR;5,  2.15 + 1.08
IRs, 7.88 + 0.64
PIRIR 5,  3.03 + 0.66
IR, 7.81 + 033
PIRIR;5,  2.11 + 0.56
IR 8.42 + 122
PIRIR;5, 132 + 0.42
IR 6.80 + 0.45
PIRIR;5, 1.85 + 0.36
IRs, 529 +0.92
PIRIR;5, 224 + 0.46
IR, 638 +0.10
PIRIR;5, 179 + 0.08
IR, 7.80 + 0.10
PIRIR;5, 2.08 + 0.18
IR, 595 + 0.88
PIRIR;5,  3.86 + 0.20
IRso 834 + 147
PIRIR;5, 073 + 138

Frontiers in Earth Science

Individual DRC

De (Gy)*

37.36 + 0.46
33.58 + 0.47
45.79 + 0.58
41.38 + 0.52
16.98 + 0.79
12.97 £ 0.26
48.75 £ 0.78
41.39 £+ 0.57
3529 £ 1.63
28.59 + 0.58
38.27 £ 0.52
32.73 £ 0.51
39.99 + 1.09
26.32 £ 1.74
3.89 + 0.41

1.06 £ 0.16

33.79 £ 0.39
29.58 £ 0.35
36.95 + 0.65
31.97 £ 0.48
39.48 + 1.32
34.51 + 1.06
44.77 £ 1.57
36.52 + 047
34.89 + 0.46
31.45 £ 0.52
43.68 £ 0.79
37.10 £ 0.56
4447 £+ 1.05
37.25 + 0.62
23.90 £ 0.71
20.20 £ 0.35
41.26 £ 2.10
3498 + 2.11
16.17 £ 1.36
6.35 + 1.13

2544 £ 2.62
12.72 £ 1.99
0.97 £ 0.10

0.57 £ 0.03

30.58 + 0.56
19.53 + 1.29
33.55 £ 0.59

Apparent
age
(ka)

9.5+ 04
85+ 04
125+ 0.5
11.3 £ 0.5
42+03
32+02
119 £ 0.5
10.1 £ 0.4
9.2 £ 0.6
75+03
9.8 £ 0.4
8.4+ 04
10.8 + 0.6
7.1 0.6
09 +£0.1
0.30 + 0.04
82+03
71+£03
9.1+04
7.8 £0.3
8.7 +04
7.6 04
11.5 £ 0.6
94 +04
92+04
83+04
115 +£ 0.5
9.8 £ 0.4
11.6 £ 0.5
9.7 £ 0.4
6.6 0.3
56 +0.2
114 £ 0.7
9.7 £0.7
42+04
1.7 £0.3
6.7 £0.7
33405
0.25 + 0.03

0.15 £ 0.01
79 + 04
51+04
87 +04

FC age
(ka)®

114 £ 0.6
263 +£73
17.0 + 4.6
324 +27
50+05
57+0.7
14.1 £ 0.7
192 £ 1.0
11.6 £ 1.4
14.6 £ 0.9
11.1 £ 0.8
195 £ 2.2
12.1 £ 0.6
132 £ 3.1
1.0 £ 0.1
0.53 + 0.07
9.0 £0.5
12.1 £ 0.5
11.1 £ 1.1
16.5 + 1.5
99 +0.5
149 + 2.7
141 + 1.1
394 + 14.0
112+ 13
289 +£93
155+ 1.3
341 £ 48
141 + 1.1
435 +24.1
74 +0.5
138 £ 1.5
135+ 1.1
18.2 + 3.8
51+05
35+£0.7
7.9 £0.9
10.0 £ 1.7
0.29 + 0.03

0.25 + 0.04
11.7 £ 0.6
19.7 £ 7.8
93+ 14

06

sDRC

De (Gy)*

36.42 £ 043
33.56 £ 0.45
44.24 + 0.53
41.45 + 0.52
18.42 + 0.44
12,94 £ 0.25
55.07 + 0.86
41.85 £ 0.56
3295 + 1.34
27.65 £ 0.52
38.23 £ 0.52
32.70 £ 0.49
39.16 + 1.04
26.35 £ 1.73
4.09 +0.43

1.08 + 0.16

32.60 + 0.37
29.54 £ 0.33
34.72 £ 0.56
31.49 + 047
38.74 £ 1.26
34.88 + 1.07
50.37 £ 1.93
36.82 + 0.46
33.96 £ 0.43
31.53 £ 0.50
50.93 £ 0.83
37.33 £ 0.57
51.80 + 1.16
37.33 £ 0.61
24.93 + 0.67
20.24 £ 0.35
39.84 £ 191
3587 £ 2.24
16.06 + 1.27
6.31 £ 1.12

27.04 £ 3.00
12.74 + 2.01
1.03 +£0.14

0.59 + 0.02

29.46 + 0.51
19.30 £ 1.25
32.03 £ 0.53

Apparent
age
(ka)

9.0 £ 04
83+03
109 £ 0.5
102 £ 0.4
45+02
32 +0.1
13.6 +£ 0.6
103 £ 0.4
8.1+05
6.8 £0.3
94+ 04
8.1+03
9.7 £0.5
6.5 £ 0.5
1.0 £ 0.1
0.27 + 0.04
8.0+£0.3
73+£03
8.6 £ 0.4
7.8 £0.3
9.6 £ 0.5
8.6 £ 0.4
124 £ 0.7
9.1+04
8.4 +03
7.8 £0.3
12.6 £ 0.5
92 +04
12.8 £ 0.6
92+ 04
6.2 +0.3
50+02
9.8 £ 0.6
9.9 £0.7
40 +04
1.6 +£0.3
6.7 £0.8
3.1+£05
0.25 + 0.04

0.15 £ 0.01
73 +£03
48 +04
79 £03

10.3389/feart.2022.939852

FC age
(ka)®

10.8 £ 0.5
25.6 £ 10.0
14.8 £ 3.2
29.0 £ 2.0
53405
57 +£0.7
16.1 £ 0.8
20.0 £ 1.0
102 £ 1.2
131 +£0.7
10.7 £ 0.9
18.7 £ 1.6
10.9 £ 0.6
121 £2.5
1.1 £0.1
0.47 £ 0.07
87 +0.5
124 + 0.6
105+ 1.2
16.5 £ 1.5
10.9 + 0.6
17.0 £ 2.9
152+ 1.3
37.9 £ 10.6
102 £ 1.2
27.0 £ 8.1
170 £ 1.5
31.7 £ 43
15.6 £ 1.2
40.8 £ 23.5
7.0 £ 04
122+ 13
11.6 £ 0.8
18.6 + 3.9
49 +£0.5
33+£07
79 £09
93 +20
0.29 + 0.05

0.25 £ 0.04
10.8 + 0.5
18.3 + 8.4
84+ 1.1

FC age
(ka)*

109 £ 1.4
253 £ 5.5
163 +£2.3
31.5+£29
53+08
58 £0.8
156 £ 2.0
19.5 £ 1.6
10.8 £ 1.7
142 £ 1.2
11.0 £ 1.6
194 +£23
11.6 £ 1.5
134 £28
1.1+£02
0.52 + 0.09
84+ 1.1
123 £ 1.0
103 £ 1.7
16.4 + 1.8
95+ 12
151 £ 2.7
157 £ 2.3
358 £ 6.9
108 £ 1.9
272 +£57
18.1 £2.7
322+ 40
163 +£2.3
38.8 £ 16.8
7.6 £ 1.0
138 £ 1.8
129+ 1.7
184 £ 3.5
51+08
3.6 £0.7
82+13
103 £ 1.8
0.32 + 0.05

0.31 + 0.06
114 £ 1.4
182 +£92
8.6 £ 1.6

(Continued on following page)

frontiersin.org


https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2022.939852

Li et al.

TABLE 3 (Continued) Results of pIRIR;s5¢ dating for all the samples.

Sample Signal g Individual DRC
ID (%/decade)
De (Gy)* Apparent
age
(ka)
IRso 821 + 0.71 2192+ 135 57 %04
LUM3915 PIRIR;5y 175 % 0.12 3323076 85+ 04
IRso 550 + 0.15 2830 £ 0.65 7.2+03
LUM3923 pIRIR;5, 229 + 0.46 21,65+ 040 57 +03
IRso 505 + 027 1802 + 025 4.8 +0.2
LUM3924 PIRIR;5) 175 % 0.37 4385+ 1.08 117 £ 06
IRso 6.4 £ 0.65 3488 +1.17 93 £05
LUM3754 PIRIR 5,  0.79 * 0.68 931+108 2403
IRso 489 + 0.81 382+ 060 1.0+02
LUM3755 PIRIR 5,  0.99 + 0.03 1245 £ 139 35+ 04
IRso 4.94 £ 0.67 6.05+060 1.7+02
LUM3775 pIRIR;5, 178 + 045 1675 +0.99 4.4 0.3
IRso 4.95 £ 020 1079 £ 1.00 2.8 + 0.3
LUM3756 PIRIR;5)  3.62 % 0.45 27.84 £ 072 7.0 %03
IRs, 6.85 = 0.41 1248 £ 0.87 3.1 £03
LUM3757 PIRIR;5, 234 % 0.80 30.62 +236 7.2 +06
IRso 7.10 + 0.28 1885+ 139 45+ 0.4
LUM3771 PIRIR;5,  1.83 % 0.20 1165 + 0.53 3.0 £ 0.2
IRso 524 + 036 667 £035 17+0.1
LUM3772 pIRIR;5,  1.65 + 0.99 1743 + 044 44 0.2
IRso 5.02 +0.53 936 £0.63  24+02

10.3389/feart.2022.939852

sDRC
FC age De (Gy)* Apparent FC age FC age
(ka)® age (ka)® (ka)©
(ka)

213 + 62 2166 + 1.31 5.3 + 04 19.6 £ 5.8 19.7 £ 5.0
10.0 £ 05 3110 £ 0.62 7.7 03 9.0 £ 0.4 92+ 11
13.8 £ 0.7 27.26 £ 0.59 6.7 +03 12.8 £ 0.7 135+ 1.1
7.0 £05 2171 £ 039 54 +02 6.6+ 0.4 7.1 £ 09
84+05 1825+ 023 4.5 +02 79 £05 8.7 £ 0.8
137 + 0.8 4249 £ 102 105%05 123 + 0.8 131+ 17
219 £ 38 3484 £ 1.16 86 %04 201+ 338 21.8 £ 3.6
26+03 910+ 1.04 2203 23+04 24%04
1.6 + 0.4 386+ 060 095015 15+03 17 + 04
3.8+ 04 13.06 £ 130 32 +03 35+03 3.9 £06
2.8+ 04 6.04+059 15:+02 25+ 04 29£05
5104 17.10 £ 0.87 42+ 03 49 £ 04 5207
47 £ 0.6 10.80 £ 1.00 2.7 + 0.3 46+ 0.5 49 £ 0.6
10.0 £ 0.7 27.08 £ 0.69 6.7 +03 9.6 0.7 9.8 + 1.4
74 %08 1248 £ 0.86 3.1 +02 74 %08 7.7 £ 1.1
89+ 12 29.87 224 74106 92+ 09 87+ 15
117 13 18.82 £ 138 4.6 + 0.4 120 £ 11 11.6 + 1.4
35+03 1165 £ 050 2.9 +0.2 34+£03 35+05
29 +02 668034 17x0.1 29+02 32+03
51406 1831 £029 45 +02 52+ 06 53+ 09
41205 936 +0.64 23+02 39£05 41+ 06

D, value for each sample was determined using the sDRCs, which was fitted by the single saturating exponential function (1EXP).

"The FC ages were calculated following Huntley and Lamothe (2001).
“The fading corrected (FC) ages were calculated according to Lamothe et al. (2003).

correction using the models of Huntley and Lamothe (2001) and
Lamothe et al. (2003) (see Section 6).

Additional 25 samples of charred material, soil organic
matter, wood, bone, and plant from nine profiles were
and dated the Mass
Spectrometry (AMS) "C dating method. The measurements

collected using Accelerator
were carried out at Beta Analytic Inc. and Oxford Radiocarbon
Accelerator Unit. The dating results are used to evaluate the
degree of bleaching of luminescence signals in Section 7. The
detailed information on radiocarbon dates was listed in Klinge
et al. (2022), which has also been included in Supplementary

Table S2.

4 Dosimetry

50 or 700 g of the dried material was measured in sealed
Marinelli beakers to determine the activities of the radioactive
elements for each sample using high-resolution gamma
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spectrometry (Table 1). The materials were stored for at least
4 weeks before measurement to secure equilibrium between
radon and its daughter nuclides. The calculation of the
external beta and gamma dose rate was conducted using the
conversion factor in Guérin (2011) and beta attenuation factors
in Mejdahl (1979). The a-value was set to 0.09 + 0.02 following
Balescu et al. (2007). The cosmic dose rate was calculated for each
sample as a function of depth, altitude, and geomagnetic latitude,
following Prescott and Hutton (1994). The water content of
different types of samples is listed in Table 1 based on field
observation and those in the literature (Schwanghart et al., 2009;
Lehmkuhl et al., 2011). The uncertainty was used to account for
possible moisture alterations in the geological period. For each
feldspar sample, an additional internal dose rate was calculated
based on a K concentration of 12.5 + 0.5% (Huntley and Baril,
1997) and a*’Rb concentration of 400 + 100 ppm (Huntley and
Hancock, 2001). Table 1 summarizes the environmental dose
rates for all the K-feldspar samples, ranging from 3.60 + 0.16 to
4.54 + 0.16 Gy/ka.
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FIGURE 3

Histograms of dose recovery ratios (A) and residual dose (B)
for the IRsg and pIRIRsg signals for all the samples. The dose
recovery ratio and residual dose were determined using three
aliquots for each sample.

5 Determination of D, and
apparent age

5.1 Individual DRC

Figure 2 shows the decay curve, DRC, and D, distribution
for the IR5, and pIRIR; 5, signals of one representative sample,
LUM3923. The DRC was fitted using both the single saturating
exponential and linear functions. The natural luminescence
intensity (I,,) was projected onto the corresponding DRC to
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determine D, for each sample. The equivalent dose and
uncertainty were presented as the mean D, value and
standard error of all the D.s with the acceptable recycling
ratios (0.9-1.1). The IR5y D, values are between 0.57 + 0.03 and
41.39 +
exponential function fitted DRCs, whereas those for the
pIRIR;s, signal range from 0.97 + 0.10 to 48.75 + 0.78 Gy.
Based on the linear fitted DRCs, the IR, D, values range from
0.59 £ 0.04 to 41.32 + 0.57 Gy, whereas the pIRIR; 5, D,s range
from 1.04 £ 0.12 to 48.69 * 0.77 Gy. The overdispersion value
for most of the samples is within 10%. The apparent ages were

0.57 Gy determined by the single saturating

calculated by dividing D, by the environmental dose rate
(Table 3). Figure 3 demonstrates the results of dose
recovery tests and residual dose measurements. Although
the dose recovery ratios are slightly smaller than 0.90
(0.88-0.90) only for a few samples, the dose recovery ratios
for the IRso and pIRIR; s, signals for most of the samples are
within 0.9-1.1. It suggests that the natural doses could be
recovered by the pIRIR;5, measurements within 10%
uncertainty. The residual doses are between ca. 0.14 and
0.81 Gy for pIRIR;sg, and those are between ca. 0.03 and
0.48 Gy for IRsy.

5.2 sDRC construction and D,
determination

5.2.1 sDRC construction of intensity re-
normalization

sDRCs were constructed following the re-normalization
procedure of the sDRC construction (SGC in Li et al., 2015a).
The regenerative dose of 10.5 Gy was set as a re-normalization
dose. All the I, and I, values for each aliquot were first divided
by their corresponding I;os value to eliminate the scatter
between aliquots. The re-normalized I, was then plotted
against the corresponding regenerative dose. The sDRCs
were fitted using different data and functions (pIRIR;sq:
Figures 4A single saturating exponential and Figure 4B-
linear; IRsq: Figures 4C single saturating exponential and
4D-linear). The fitting the
corresponding R-squared value are shown in each diagram.

Figure equation and
The sDRC for each sample was also constructed and
presented using the dashed lines (Figures 4A-D). The
sDRC D, was determined by projecting I, onto the sDRC
using the R package “numOSL” (Peng et al., 2013). Although
the IR5o sSDRCs for the individual samples are identical to the
sDRC using all the re-normalized IRsy I,s, the individual
pIRIR;50 sDRCs show two clusters (Figures 4A,B). The
upper part shows linear dose growth for each sample,
including the individual sDRCs for the samples collected
from profiles P-01-02, P-E, P-R, P-K, P-A, P-H, and P-F,
whereas those in the lower part are related to the nonlinear
dose growth. As the sDRCs of the two clusters are
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FIGURE 4

Construction and comparison sDRC using data from all the samples following Li B et al. (2015a). (A,B) The pIRIR150 SDRCs using data of all the
samples fitted by the one saturating exponential (LIEXP) and linear functions, respectively (solid line). (C,D) The IRsg sDRCs using data of all the
samples fitted by the 1EXP and linear functions, respectively (solid line). The dashed lines show the sDRCs for the individual samples using 12 aliquots.

indistinguishable from each other in aspects of location,
further
investigations are required to understand the shape

age range, and environmental dose rate,
discrepancy of the individual sDRCs. D, and apparent
ages determined by the sDRCs are shown in Table 3 (Li

et al., 2015a).

5.2.2 sDRC construction of intensity multiplied
by test dose

According to Roberts and Duller (2004), the value of I, in
the SAR protocol was first multiplied by the corresponding test
dose (Tp) in Gy and then plotted against the regenerative dose.
Similar to that in 5.2.1, sDRCs for pIRIR;5, and IR5, were
constructed using the single saturating exponential and
5). The fitting
equation and the R-squared value are also shown. I, was

linear functions, respectively (Figure
then multiplied by the Tp value and projected onto the
sDRC to determine the D, value for each sample (Table 3)

(Roberts and Duller, 2004).
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5.3 DRC and D, comparison

It demonstrates that the constructed IRs, and pIRIR;s
sDRCs in this study are comparable within ca. 40 Gy, which
corresponds to the linear growth region of dose growth, while
those show slight discrepancy when De is larger than ca. 40 Gy.
Similarly, the sDRCs constructed using the linear and single
saturating exponential functions following Roberts and Duller
(2004) are broadly in agreement (Figures 5A,B). Moreover, the
characteristic saturation doses (D) of the sDRCs after single
saturating exponential fitting are comparable by construction
using the two approaches of Li et al. (2015a) and Roberts and
Duller (2004), indicating that the sSDRC in identical shape could
be constructed using the two methods, although the normalized
luminescence intensities are in a different scale.

D,s determined by the sDRC and individual DRC are
compared in Figure 6. For both the pIRIR;5y and IRsg
signals, the individual-DRC-determined D.s are generally
consistent with the sDRC-determined D,s in the two
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sDRC construction using data from all the samples following Roberts and Duller (2004). The sDRCs fitted using 1EXP and linear functions using
the pIRIR150 (A) and IRsq (B) data, respectively.
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Comparisons of the fading corrected ages following Huntley
and Lamothe (2001) and Lamothe et al. (2003).

approaches (Figures 6A,B,D,E). For the pIRIR;s, signal,
although the sDRC determined D,s of approximately 50 Gy
are slightly larger than those yielded by the individual DRCs,
they are still comparable within 10% uncertainty (Figures
6A,B). Meanwhile, the sDRCs fitted using single saturating

exponential and linear functions result in D,s in agreement
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(Figures 6C,F). They imply that both the single saturating
exponentially and linearly fitted sDRCs could yield reliable D,
for the studied Mongolian samples within ca. 20 ka, which is
applicable for D, measurement with high efficiency. The D,
values determined using the sDRCs fitted by the single
the
following Li et al. (2015a) were used for fading correction

saturating exponential function for two signals

below.

6 Fading correction of the K-feldspar
luminescence ages

In order to eliminate the underestimation of the K-feldspar
luminescence ages by anomalous fading, the numerical models
proposed by Huntley and Lamothe (2001) and Lamothe et al.
(2003) were applied and compared in this study. The sDRC fitted
using the single saturating exponential function and the yielded
apparent ages were used for fading correction. The fading rates of
ca. 4.76-8.42%/decade for IRs, and ca. 0.73-3.86%/decade for
PIRIR 50 were determined (Figures 7A,B). Table 3 summarizes
the outcomes of the fading rates and the fading corrected ages.
The fading corrected pIRIR;s, ages following Huntley and
Lamothe (2001) are between 0.29 * 0.05 and 17.0 = 1.5Kka,
and the IR, ages after fading correction range from 0.25 + 0.04 to
40.8 +23.5 ka (Table 3). Following the fading correction model of
Lamothe et al. (2003), the initial luminescence intensity I, was
first corrected for fading and then projected onto the sDRC to
yield the fading corrected D, (Figure 7C). The fading corrected
pIRIR;5, ages determined by the fading corrected D, and the
environmental dose rate are 0.32 + 0.05-18.1 + 2.7 ka. For the
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Comparison between the luminescence ages and the radiocarbon dates for each profile. The fading corrected plRIR;50 and IRsg ages were
determined using the sDRC fitted by a single saturating exponential function and fading corrected following Lamothe et al. (2003).

IRs, signal, the fading corrected ages range from 0.31 + 0.06 to
38.8 + 16.8 ka.

Figure 8A shows that the fading corrected ages following
Huntley and Lamothe (2001) are generally consistent with those
after correction following Lamothe et al. (2003). Specifically, the
pIRIR;5, ages corrected by the two models are perfectly
consistent with each other. The fading corrected IRs, ages
agree with each other within 10% uncertainty. Meanwhile, a
tendency of slight underestimation with the increase in age has
been observed for those after Huntley and Lamothe (2001) to the
corresponding ages after Lamothe et al. (2003). One possible
explanation is to associate the fading corrected IR5, ages of > ca.
30 ka with the nonlinear region of dose growth, for which the
fading corrected ages after Huntley and Lamothe (2001) start to
be underestimated.
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7/ Degree of signal bleaching and
luminescence chronology

As the IR signal is bleached much faster than the pIRIR;5,
signal (e.g., Reimann et al,, 2012; Tsukamoto et al., 2017), the
pIRIR;5, signal would be well bleached if the pIRIR;s, are
consistent with the IRs, ages (Murray et al., 2012; Reimann
et al, 2015; Li et al., 2018b). In order to assess the degree of
bleaching for the luminescence signals, radiocarbon dates, the
fading corrected IRsp, and pIRIR;s5, ages are compared. The
fading corrected ages using the approach of Lamothe et al. (2003)
were employed. Radiocarbon dates are used as a reference to
evaluate the reliability of luminescence ages.

The fading corrected IRsy and pIRIR;s, ages of each profile
are shown in Figure 9. Some of the IRs, ages agree with the
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Comparison between the IRsg and pIRIR1s50 ages. (A) The
relationship between the IRso/plRIR150 age ratio and the fading
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calculating the age ratios are fading corrected following
Lamothe et al. (2003). (B) Relationship between the IR50/pIRIR150
age ratio and g values for the IRsq signal with the trendline (black
solid line).

corresponding pIRIR;s, ages, whereas the IRs, ages tend to
overestimate the associated pIRIR;s, ages for a large portion
of samples. In order to explore the tendency and potential reason
for age discrepancy, the IR5o/pIRIR;5, age ratios were calculated
and plotted against the pIRIR;5, ages (Figure 10A). The age ratio
varies from ca. 0.5 to 3.0. Although the pIRIR;s, ages
overestimate the corresponding IRs, ages for the samples
younger than ca. 6 ka (e.g., those in profile P-A), the IRs

Frontiers in Earth Science

13

10.3389/feart.2022.939852

ages tend to overestimate the pIRIR;5, ages for the relatively
old samples (Figure 10A). The pIRIR ;5 age is larger than the IR5
age for the younger samples due to partial bleaching of the
PIRIR; 5, signal, which is relatively severe for the young sample.
However, this could not explain the overestimated IRs, ages for
the older samples. The overestimation of the IR, ages may be
related to the age over-correction by the large fading rate. The
relationship between the IRs5o/pIRIR;s, age ratio and the
associated IRs, fading rates is demonstrated in Figure 10B. It
shows that the IRs, age is overestimated with the increased g
value. Fading rates larger than ca. 6%/decade have yielded
unacceptable corrected ages (Thomsen et al., 2008; Tsukamoto
and Duller, 2008; Li et al., 2017). The comparison between the
reference chronology of Chinese loess and the corresponding
fading corrected ages using the two models (Lamothe et al.,
2003; Kars et al, 2008) also suggested that fading over-
correction happened with g values larger than ca. 4-5%/
decade using the Lamothe et al. (2003) model (Li et al,
2018a). In this study, some of the fading rates of up to ca.
8.42%/decade were determined for the IRs, signal (Figure 7B),
suggesting that the fading rates are overestimated, therefore
yielding the over-corrected IRs, ages.

The chronology of the soil and aeolian in the north slope of
Khangai Mountain was subsequently established based on the
degree of luminescence signal bleaching and comparison
between the luminescence age and radiocarbon dates. The
5ka LUM3775) is
determined for the soil in profile P-H, broadly consistent with

luminescence age of ca. (sample
the fading corrected IRs, ages, indicating the pIRIR; 5, signal was
well bleached. The IRs, fading rate is 4.95%/decade, suggesting
that the IRs, age is not problematic concerning fading over-
correction (Figure 9). The pIRIR;s, and IRs, ages largely
overestimate the radiocarbon dates younger than ca. 4 ka in
profile P-B. The IRs, ages are likely over-corrected by the fading
rates of 6-7%/decade. The pIRIR;s, signal was probably poorly
bleached,

overestimation  of

shown by slight anti-stratigraphic order and
the IR50 The
radiocarbon dates of P-B might be underestimated because

corresponding ages.
they are still younger than the fading uncorrected IRs, ages,
especially for the lowermost two ages (Figure 9). Similarly, the
underestimated radiocarbon dates and the overestimated
ages in profile P-K. The
radiocarbon dates in profiles P-S and P-A are also likely

luminescence are observed
underestimated, but the pIRIR;s, and IR5, ages are broadly in
agreement (Figure 9), for which the fading corrected IRs, ages are
reliable if taking 6%/decade as the lower boundary of fading over-
correction. In profile P-F, the pIRIR;5, and IRs, ages are
the the
radiocarbon dates in stratigraphic order. The consistency of

consistent  within uncertainty, agreeing with
the pIRIR;5, ages and radiocarbon dates in stratigraphic order
are observed for profiles P-E, P-J, P-01-02, and P-R, whereas the
corresponding IRs, ages are overestimated due to fading over-

correction. The IR5, ages are also over-corrected in profiles P-C,
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P-01-09, P-01-01, and P-L. The luminescence chronology based
on the pIRIR;sq ages reveals that the investigated sediment
the
information on the north slope of Khangai Mountain after the
Last Glacial Maximum (LGM).

profiles  record sedimentation and environmental

8 Conclusion

In this study, 32 K-feldspar samples from the north slope
of Khangai Mountain, Mongolia, were dated using the
pIRIR;5¢ protocol. The applicability of the standardized
dose-response curve (sDRC) and the fading correction
models were evaluated. The degree of bleaching for the
applied luminescence signals was assessed by comparing
the associated ages with the radiocarbon dates. The timing
of sedimentation in explored profiles from the north slope of
Khangai Mountain was finally determined. The main
conclusions are drawn as follows:

= The sDRCs, constructed for both the K-feldspar
PIRIR 5 IRs, the
normalization and dose-standardization

and signals

test
procedures, could yield a consistent D, value compared
to the individual DRC within ca. 40 Gy, suggesting that

the sDRC is applicable for more effective D, measurement

according to re-

of the Mongolian sediments.

= The fading corrected ages following Huntley and Lamothe
(2001) and Lamothe et al. (2003) are broadly in agreement for
the IRy and pIRIR; s, signals. With the increase in age and/or
fading rate, the fading corrected age using the model solely for
the linear region of dose growth may underestimate that
corrected by the model appliable for the full dose region.

= Some of the fading corrected IRs, ages are overestimated,
most likely resulting from fading over-correction, whereas the
overestimation of several pIRIR; 5 ages is derived from partial
bleaching.
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