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Abstract: The luminescence dating of the K-feldspar fraction is an alternative way for samples that 
cannot yield reasonable equivalent dose (De) from quartz fraction with very weak luminescence sig-
nal. For testing the reliability of the infrared stimulated luminescence (IRSL) dating of K-feldspar, 
luminescence dating was applied to quartz and K-feldspar fractions respectively for several Holocene 
samples in this study. K-feldspar apparent ages using routine single aliquot regenerative-dose (SAR) 
protocol, K-feldspar ages using g value correction method and ages from isochron dating method 
were compared with quartz ages. It is found that the g value correction method cannot give reliable 
ages due to the large errors induced during measurements. The isochron dating method is effective to 
the sample with problematically external dose rate. However, isochron dating may introduce a rela-
tively greater error during grain sizes – De curve fitting, therefore this method could obtain low-
resolution ages for Holocene samples. Even K-feldspar apparent age from routine SAR protocol is 
relatively younger by about 10% than the quartz age, it still could establish reasonable chronological 
framework for Holocene samples. 
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1. INTRODUCTION 

Since Huntley et al. (1985) presented Optical Stimu-
lated Luminescence (OSL) dating and Hütt et al. (1988) 
presented Infrared Stimulated Luminescence (IRSL) 
dating for sediments, OSL and IRSL dating have been 
widely applied to determine the age of Quaternary de-
posit events (Aitken, 1998). OSL dating was widely ap-
plied to aeolian deposit like loess and aeolian sand (Lai, 
2010; Murray and Olley, 2002; Sun et al., 1998, 2006; 
Telfer and Thomas, 2007). It was also successfully ap-
plied for hydraulic deposit events such as alluvial deposit, 
colluvium, lakeshore sediment and lacustrine sediment 

(Berger and Doran, 2001; Eriksson et al., 2000; Lang et 
al., 1999, Lang and Zolitschka, 2001; Stone et al., 2010). 
In particular, OSL dating can derive reliable chronology 
evidence when it is hardly to get available material for 
14C dating because OSL dating measures the sediments 
directly (Argyilan et al., 2005; Cupper, 2006). Single 
aliquot regenerative-dose (SAR) protocol can greatly 
improve equivalent dose (De) measurement accuracy 
(Wintle and Murray, 2006). The SAR protocols have 
been established successfully for both quartz (Murray and 
Wintle, 2000) and potassium rich feldspar (K-feldspar) 
(Wallinga et al., 2000a, b) separations.  

K-feldspar grains can emit luminescence signals when 
they are stimulated by infrared at wavelengths around 
800-900 nm (Bøtter-Jensen et al., 2003), which is termed 
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as IRSL. There are three advantages for IRSL dating 
from K-feldspar compared with OSL dating from Quartz. 
Firstly, The IRSL signals from K-feldspar are much 
brighter than the OSL signal from quartz. It enables high 
precision of luminescence measurements in laboratory. 
This leads to high reproducibility for the natural dose 
measurements (Li et al., 2007a). Secondly, De values 
determined from quartz grains can be very scattered for 
some samples (Zhang et al., 2003). For young samples, 
the random error from De determination can be compara-
ble to the age of the sample and thus the interpretation of 
the ages is difficult. Meanwhile, K-feldspar grains from 
the same samples give high luminescence intensity and 
relatively homogenous De values (Li et al., 2007b). 
Thirdly, IRSL signal from K-feldspar grains has much 
higher saturation doses than OSL signal from quartz. It 
gives potential to date relatively much older sediments 
than quartz (Kars et al., 2008). On the other hand, the 
main disadvantage of IRSL dating using K-feldspars is 
anomalous fading of the IRSL signals, which can leads to 
age underestimation (Auclair et al., 2003; Huntley and 
Lamothe, 2001; Huntley and Lian, 2006; Spooner, 1992, 
1994). Anomalous fading rate (g value) correction 
method and isochron dating method were presented to 
calibrate the K-feldspar age underestimation.  

The g value correction method (Auclair et al., 2003; 
Huntley and Lamothe, 2001) for K-feldspar is a labora-
tory process which measures the percentage of IRSL 
signal decay after storage of varying periods following 
the same laboratory dose irradiation. The method gives a 
g value in terms of % loss of signal per decade (Aitken, 
1985). Usage of this g value allows to calibrate the age 
underestimation induced by IRSL anomalous fading 
during SAR protocol.  

Isochron dating (IRSL) method for K-feldspar is a 
protocol that measures De of different grain sizes of this 
mineral (Li et al., 2008a). The internal dose rate produced 
by 40K and 87Rb in the crystal lattice of grains is related to 
the grain size, which allows the utilisation of an isochron 
to obtain the relationship between the internal dose rate 
and the produced De, and the corresponding age. As the 
isochron dating method is totally reliant on the internal 
dose rate, it could overcome problems related to changes 
in past external doses rate due to post-depositional envi-
ronmental changes (Li et al., 2008a). This method can 
also overcome the problem of the anomalous fading of 
the IRSL signals. 

The OSL signal intensity of quartz fraction from some 
Holocene samples was very low. Some OSL signals were 
so weak that it was hardly possible to obtain a reliable De. 
A discussion of the use of K-feldspar separation to estab-
lishing a dating framework of Holocene samples will be 
meaningful. This study compares the ages obtained by K-
feldspar routine SAR method, g value correction method 
and isochron dating method with the quartz SAR method 
for several Holocene samples, and then discusses the 
reliability and shortcomings of these methods. 

2. SAMPLING AND MEASUREMENT 

Sampling process 
All studied samples were collected from the aeolian-

lacustrine deposit sequence in Ulan Buh Desert where is 
located in the northeastern Alxa Plateau, Inner Mongolia, 
China (Fig. 1). To examine the reliability of the dating 
results, two almost parallel sections QJD-1 and QJD-1* 
were investigated (Fig. 2). The sediments of these two 
sections have the same depositional sequence. Therefore, 
the dating results of section QJD-1 should be consistent 
with QJD-1* for the same stratum (Zhao et al., under 
preparation). From section QJD-1, samples QJD-1-6, 
QJD-1-26 and QJD-1-50 were collected from aeolian 
sand and sample QJD-1-32 from lacustrine silty clay. For 
comparison, four samples were also collected from the 
same stratigraphic layers of QJD-1* (Fig. 2). All Samples 
were obtained by hammering iron tubes of 4 cm diameter 
into the cleaned vertical sections, and then be sealed 
inside black plastic bags. 

Laboratory treatment 
In the laboratory, the potentially light-exposed por-

tions at both ends of the tubes were removed. All labora-
tory processes of sample preparation and luminescence 
measurement were carried out in subdued red light. All 
raw samples were treated with 10% HCl and 20% H2O2 
to remove carbonate and organic matter. The samples 
were then sieved in water to select the grain size in the 
size ranges of 63-90 µm, 90-125 µm, 125-150 µm, 150-
180 µm, 180-212 µm and 212-250 µm. Heavy liquids of 
densities 2.62 and 2.75 g/cm3 separated the grain fraction 
to obtain quartz and feldspar. After drying, K-feldspar 
was obtained from the floating part of feldspar fraction 
separated by heavy liquids of densities 2.58g/cm3. The 
quartz grains were treated with 40% HF for 60 min to 
remove the outer layer irradiated by alpha particles and 
remaining feldspars. The K-feldspar grains were treated 
with 10% HF for 40 min to remove the outer layer irradi-
ated by alpha particles. The grains were then treated with 
1 mol/l HCl for 10 min to remove fluorides created dur-
ing the HF etching. K-feldspar fractions for grain size at 
intervals of 63-90 µm, 90-125 µm, 125-150 µm, 150-180 
µm, 180-212 µm and 212-250 µm were obtained. Pure 
quartz fractions for grain size in the size of 90-125 µm 
and 125-150 µm were finally acquired. 

The OSL measurements were carried out in the Lu-
minescence Laboratory of the Cold and Arid Environ-
ment and Engineering Research Institute, CAS, using an 
automated Risø TL/OSL-DA-15 reader (Markey et al., 
1997). The OSL signal was detected through two 3 mm 
thick Hoya U-340 filters. Laboratory irradiation was 
carried out using 90Sr/90Y sources mounted within the 
reader, with dose rates of 0.104 Gy/s.  

The environmental dose rate is created by the radioac-
tive elements existing in grains of the sample and the 



COMPARISON OF THREE K-FELDSPAR LUMINESCENCE DATING METHODS FOR HOLOCENE SAMPLES 

16 

Fig. 1. The map for location of the section QJD-1 and QJD-1*. 

Fig. 2. Contrast K-feldspar IRSL ages of different methods with quartz ages. Quartz ages from parallel section QJD-1* was shown for comparison. 
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surrounding sediments, with a small contribution from 
cosmic rays. For all the samples measured, U, Th concen-
trations and K contents were determined by means of 
Neutron Activation Analysis (NAA). All measurements 
were converted to alpha, beta and gamma dose rates ac-
cording to the conversion factors of Aitken (1985). The 
dose rate from cosmic rays was calculated based on sam-
ple burial depth and the altitude of the section (Prescott 
and Hutton, 1994). The internal dose rate of K-feldspar 
was calculated with K content of 13±1% (Zhao and Li, 
2005; Li et al., 2010). Water content changed drastically 
after burial for these samples because they were collected 
from lacustrine sediments in arid area. Since the uncer-
tainty in the mean water content during the sediment 
burial period, water content of 5±2.5% and 10±5% were 
introduced in age calculation for eolian sand and lacus-
trine sediment respectively. 

Quartz measurements 
Because the optical signal from feldspar is very bright 

and can suffer from anomalous fading, a small amount of 
feldspar contamination will greatly affect De values from 
quartz fractions. In order to eliminate the influence from 
feldspar, the post-IR blue OSL signal was used (Banerjee 
et al., 2001) and the post-IR single aliquot regenerative 
dose protocol was used to obtain De values from quartz 
extracts (Zhang and Zhou, 2007). The post-IR SAR pro-
tocol was applied to quartz extracts in this study is shown 
in Table 1. 

K-feldspar measurements  
The De for K-feldspar extracts of all samples were 

measured using a SAR protocol proposed by Wallinga et 
al. (2000a). A preheat plateau test was conducted and it is 
indicated there is no dependence of De on preheat tem-
perature. The results of the dose recovery test also sug-
gest that the protocol in Table 1 is appropriate for our 
samples. 

For calculating the g value, the single aliquot meas-
urement procedure proposed by Auclair et al. (2003) was 

used. The procedure involves measurements of the sensi-
tivity corrected IRSL signal (Li/Ti) after different delay 
times between irradiation and measurement. Four K-
feldspar aliquots from each sample were measured. Every 
sample was bleached by IR and then given a dose of 15.6 
Gy prior to fading measurements, where Li is the re-
sponse to a laboratory dose of 15.6 Gy and Ti is the re-
sponse to a test dose of 5.2 Gy, given after the measure-
ment of Li. Immediately after each irradiation the aliquots 
were preheated (250°C for 60 s). The measurements of Li 

and Ti were made at 50°C with IR stimulation for 80 s. 
The first measurement took place at a time tc, fixed as 
413.5 s after the mid-point of the irradiation time with a 
delay of 196s between preheat and measurement. The 
details of the protocols are demonstrated in Table 1.  

During isochron dating process, at least 4 grain size 
fractions of K-feldspar extracts were used for every sam-
ple according to isochron dating method (Li et al., 
2008a). The De for each grain size fraction of K-feldspar 
was measured using the SAR protocol proposed by 
Wallinga et al. (2000a). It seems that the more grain size 
fractions used in isochron dating process the higher the 
precision of the obtained isochron dating results. Six 
grain size fractions were obtained for samples QJD-1-32 
and QJD-1-26. These fractions were used to investigate 
the precision of the isochron dating method. 

3. RESULTS 

Ages of Quartz  
QJD-1-26 and QJD-1-50 are well-bleached aeolian 

sand that detected by the correlationship of the De values 
with the sensitive corrected natural OSL signals (Zhang, 
et al. 2003). The ages of their quartz extracts are 
7.06±0.37 ka and 8.09±0.44 ka, respectively. QJD-1-32 is 
also well-bleached lacustrine silty clay with quartz age of 
7.81±0.61 ka (Fig. 2). At the same time, the quartz ages 
for sample QJD-1-26, QJD-1-32 and QJD-1-50 are highly 
consistent with independence quartz ages of correspond-

Table 1. The single aliquot regenerative-dose (SAR) protocols for quartz, K-feldspar and g value calculation. (a) For the ‘natural’ sample, i=0 and 
D0=0. The whole sequence is repeated for several regenerative doses including a zero dose and a repeat dose. (b) ti=196 s, 1800 s, 5400 s, 
18000 s, 64800 s, 196 s. 

 SAR protocol for quartz SAR protocol for K-feldspar g value measurement protocol 

Step Treatment Obse-
rved Treatment Obse-

rved Treatment Obse-
rved 

1 Give regenerative dose, Dia  Give regenerative dose, Dia  Give laboratory dose, 15.6 Gy  
2 Preheat at 260°C for 10 s  Preheat at 280°C for 10 s  Preheat at 250°C for 60 s  
3 IRSL measurement at 50°C for 80 s  IRSL measurement at 60°C for 80 s Li Store tib  
4 OSL measurement at 125°C for 60 s Li Give test dose, Dt  IRSL measurement at 50°C for 80 s Li 
5 Give test dose, Dt  TL 220°C  Give test dose, 5.2 Gy  
6 TL 220°C  IRSL measurement at 60°C for 80 s Ti Preheat at 250°C for 60 s  
7 IRSL measurement at 50°C for 80 s  Return to Step 1  IRSL measurement at 50°C for 80 s Ti 
8 OSL measurement at 125°C for 60 s Ti   Return to Step 1  
9 Return to Step1       
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ing layer of  the parallel section QJD-1* (Fig. 2). There-
fore, the quartz ages for sample QJD-1-26, QJD-1-32 and 
QJD-1-50 are reliable and will be used to compare with 
the ages from K-feldspar extracts. 

QJD-1-6 is blue-gray aeolian sand overlying lacus-
trine deposit, collected at the depth of 6-10 cm below the 
section surface. The true dose rate of it is 95% of the 
calculated dose rate according to the air-sediment bound-
ary effect of the external γ dose rate (Aitken, 1985). The 
quartz age of QJD-1-6 is 8.65±0.40 ka, it is reversed to 
other dating results of section QJD-1 and do not consist 
with the age (6.43±0.50 ka) of the same stratum on  
QJD-1*. QJD-1-6 is a well-bleached sample when check-
ing the correlationship of its De values with the sensitive 
corrected natural OSL signals. This quartz age is not 
reliable because of the dose rate problem of the waterlain 
sample (Li, et al., 2008b). 

Apparent age of K-feldspar 
Apparent ages of K-feldspar for sample QJD-1-6, 

QJD-1-26, QJD-1-32 and QJD-1-50 using the routine 
SAR method are shown in Fig. 2. The K-feldspar appar-
ent age of 6.52±0.57 ka was obtained for the sample 
QJD-1-6. This result is identical with the same stratum 
age (6.43±0.50 ka) on section QJD-1*, which is more 
reliable than the quartz age. The K-feldspar apparent ages 
of QJD-1-26, QJD-1-32 and QJD-1-50 are 6.42±0.47 ka, 
7.64±0.57 ka and 7.62±0.64 ka, respectively, which are 
smaller than their quartz ages of 7.06±0.37 ka, 7.81±0.61 
ka and 8.09±0.44 ka, respectively, due to the anomalous 
fading of IRSL signals. Anomalous fading led to underes-
timation of the K-feldspar apparent ages by about 2-9%. 
Nevertheless, K-feldspar apparent ages using the routine 
SAR method still enabled establishing the age of the 
sequence to identify the Holocene deposition event. 

g value correction age of K-feldspar 
Laboratory measurement process is shown in Table 1 

and the g values were obtained for the studied four sam-
ples (Table 2). The g value corrected ages of 8.32±0.58 
ka, 8.81±0.54 ka and 9.28±0.79 ka for sample QJD-1-26, 

QJD-1-32 and QJD-1-50 were obtained. They are about 
12-20% older than their quartz ages of 7.06±0.37 ka, 
7.81±0.61 ka and 8.09±0.44 ka, respectively (Fig. 2).  

When we measured the g value using the SAR proto-
col presented by Auclair et al. (2003), Li/Ti values for 
some aliquots did not decrease monotonously with in-
creasing delay time between irradiation and measure-
ment. Fig. 3 shows measurement results of four aliquots 
of K-feldspar extracts for sample QJD-1-32. Li/Ti values 
of two aliquots decrease monotonously with increasing 
delay time (log) between irradiation and measurement; 
Li/Ti values of the other two aliquots appeared abnormal, 
this kind of abnormal decrease induces a large error in the 
g value calculation. The reason for this is that the IRSL 
signal decrease with delay time was too small to detect on 
the laboratory time scale for young samples from the 
Holocene section. Even the aliquots which Li/Ti de-
creased monotonously with delay time (log) were se-
lected to calculate g values, the error induced during the g 
value calculation is still so large that the calibrated  

Table 2. Relative deviation of K-feldspar ages for different methods compare with quartz age. (a) Sample D4, Dgw5, Sm1 and Sm2 modified accord-
ing to Li et al. (2008a). (b) Relative deviation for K-feldspar apparent age to quartz age calculated using 13±1% of the K content (Zhao and Li, 2005;
Li et al., 2010) and 400±100 ppm of Rb concentration (Readhead, 2002). 

Quartz K-feldspar 
Sample Equivalent 

dose (Gy) 
Dose rate 

(Gy/ka) 
Quartz 

age (ka) 
Apparent 
age (ka) 

Relative 
deviation 

(%) 
g value 
(%/10a) 

Correction 
age (ka) 

Relative 
deviation 

(%) 
Isochron 
age (ka) 

Relative 
deviation 

(%) 
QJD-1-6 14.57±0.38 1.68±0.07 8.65±0.40 6.52±0.57 / 3.99±0.48 8.44±0.62 / 6.7±1.2 / 
QJD-1-26 13.79±0.46 1.95±0.08 7.06±0.37 6.42±0.47 9.07/11.33b 3.98±0.70 8.32±0.58 17.85 7.7±2.2 9.1 
QJD-1-32 14.18±0.43 1.86±0.13 7.81±0.61 7.64±0.57 2.18/5.38b 2.30±1.23 8.81±0.54 12.8 8.3±0.9 6.3 
QJD-1-50 13.80±0.52 1.71±0.07 8.09±0.44 7.62±0.64 5.81/8.88b 3.09±0.82 9.28±0.79 14.71 8.3±2.0 2.6 

D4a / / 3.0±0.2 2.8±0.1 6.67 / / / 2.8±0.5 6.67 
Dgw5a 21.73±0.67 2.61±0.10 8.3±0.3 8.9±0.3 7.23 2.6±0.5 11.4±0.6 37.35 8.7±1.5 4.82 
Sm1a / / 9.1±0.5 8.5±0.4 6.59 3.2±0.4 11.7±0.5 28.57 10.9±1.5 19.78 
Sm2a / / 9.2±0.3 9.0±0.5 2.17 3.4±0.6 12.7±0.8 38.04 8.5±1.2 7.61  

Fig. 3. g value calculation data of normalized IRSL signal with delay 
time (log) of K-feldspar for sample QJD-1-32. Each symbol (square, 
circle, diamond and triangle) represents one of the four aliquots inves-
tigated for this sample. 
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K-feldspar ages make a big difference to quartz ages.  

Isochron dating of K-feldspar 
De generated by internal dose rate and external dose 

rate (Df(s)) (F in Fig. 4) is related to internal dose rate for 
the specified grain size (s), as well as De generated by 
external dose rate (DFex(s)) (Fex in Fig. 4). The age t is the 
slope difference between the trend line F and the trend 
line of estimated Fex (Li et al., 2008b). 

The internal dose rates for different grain size frac-
tions of K-feldspar samples were calculated (Table 3). 
Internal dose rate �in(s) = DKΦK(s) + DRbΦRb(s), where ΦK(s) and ΦRb(s) are beta absorption coefficients for K 
and Rb related to grain size (s) (Fain et al., 1999; Read-
head, 2002). �ex(s) for different grain sizes (s) were also 
calculated using the typical values (K=1.5%, U=3 mg/g, 
Th=10 mg/g, no radon loss, water content =10% and 
cosmic ray dose rate = 0.2 Gy/ka) (Li et al., 2008b). Then 
the isochron dating process only needed the measurement 
De for different grain sizes of K-feldspar Df(s) and ex-
trapolate to obtain the Df(0), and then using Df(0) and 
�ex(s) value can obtain �Fex(s) of different grain size 
fractions. The trend line of Df(s) and DFex(s) are then 
obtained to calculate the age t.  

Summary of the data set for constructing the isochron 
plot are shown in Table 3. Ages of all samples by 
isochron dating method are shown in Fig. 4. The isochron 
age is 6.7±1.2 ka for sample QJD-1-6, which has a prob-
lematic quartz age. This result is identical with the inde-
pendent quartz age of same stratum (6.43±0.50 ka) in 
section QJD-1*. On the other hand, Sample QJD-1-26, 
QJD-1-32 and QJD-1-50 have isochron ages as 7.7±2.2, 

8.3±0.9 ka and 8.3±1.2 ka, respectively. They are consist-
ing with the corresponding quartz ages but with low pre-
cision. 

4. DISCUSSION  

g value corrected age  
For the Holocene samples of QJD-1-6, QJD-1-26, 

QJD-1-32 and QJD-1-50, using laboratory measured g 
values, K-feldspar correction ages are 12-20% larger in 
comparison with the independence reliable quartz ages. It 
indicates that g value correction method cannot obtain 
reliable ages for Holocene samples. Wallinga et al. 
(2001) using g value correct samples of 13-300 ka and 
found that calibrated ages of K-feldspar are younger than 
quartz ages. Li et al. (2008a) using the methods of Au-
clair et al. (2003) measurement of g value modify K-
feldspar apparent ages for 10 samples of 11-130 ka. It is 
found that only two calibration ages have good consis-
tency with quartz ages and the relative deviation values 
compared to quartz ages are less than 10%, while relative 
deviation values for the other 8 K-feldspar calibration 
ages are 15-40% (Table 2). Using the g value to correct 
the K-feldspar apparent age could not lead to obtaining 
accurate K-feldspar IRSL ages for Holocene samples. 
The reason for this is that IRSL signal decay of young 
samples is small in the laboratory time scale compared 
with old samples.  

Isochron dating age 
Isochron dating method can be applied to water lain 

samples like QJD-1-6 with external dose rate problem. 

Table 3. Summary of the data set for constructing the isochron plot

Sample Diameter 
(µm) 

( )fD s  

(Gy) 

( )K sΦ  
 

( ) /Rb Rb RbD s CΦ  
(mGy/ug/g) 

( )inD s&  
(Gy/ka) 

( )FexD s  
(Gy) 

)(sDex
&

 
(Gy/ka) 

63-90 13.34±0.33 0.0301 0.147 0�3644 10.80 2.92 
90-125 13.31±0.42 0.0413 0.182 0.4932 10.69 2.89 
125-150 14.98±0.69 0.0523 0.209 0.6150 10.61 2.87 
150-180 15.67±0.39 0.0623 0.228 0.7244 10.55 2.85 

QJD-1-6 

180-250 15.88±0.82 0.0805 0.253 0.9195 10.40 2.81 
63-90 15.32±0.19 0.0301 0.147 0.3644 11.17 2.92 
90-125 14.99±0.24 0.0413 0.182 0.4931 11.05 2.89 
125-150 17.43±0.34 0.0523 0.209 0.6150 10.98 2.87 
150-180 18.68±0.43 0.0623 0.228 0.7244 10.90 2.85 

QJD-1-26 

180-250 18.30±0.45 0.0805 0.253 0.9195 10.75 2.81 
63-90 17.19±0.53 0.0301 0.147 0.3644 15.36 2.92 
90-125 20.43±1.84 0.04133 0.182 0.4931 15.20 2.89 
125-150 18.48±0.78 0.0523 0.209 0.6150 15.09 2.87 
150-180 18.88±1.00 0.0623 0.228 0.7244 14.99 2.85 
180-212 20.06±1.63 0.0736 0.2448 0.8459 14.83 2.82 

QJD-1-32 

212-250 21.18±1.11 0.0863 0.2594 0.9813 14.73 2.80 
125-150 17.65±0.65 0.0523 0.209 0.6150 12.47 2.87 
150-180 18.17±0.90 0.0623 0.228 0.7244 12.38 2.85 
180-250 19.58±0.33 0.0805 0.253 0.9195 12.21 2.81 QJD-1-50 

250-300 22.29±1.26 0.1023 0.274 1.1500 11.99 2.76  
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However, the precision of isochron dating ages for sam-
ple QJD-1-26, QJD-1-32 and QJD-1-50 are low. Because 
the De changes for different grain-sizes are so small that 
laboratory measurement error may cover the De value 
changes with grain size. As shown in Table 3, the De 
values of sample QJD-1-26 do not increase monotoni-
cally with grain size. From Fig. 4, the goodness of fit of 
Df(s) for QJD-1-26 is very low and the isochron age of 
this sample is not reliable. Using a limited number of 
points to linear fitting can introduce error. The fitting 
error may pass to the estimate of Df(0). It will further 
increase the error of the estimate linear fitting of external 
Fex to �in(s). Isochron dating method can be used to 
establish a low-resolution framework for the Holocene 
section. 

Six grain size fractions of 63-90 µm, 90-125 µm, 125-
150 µm, 150-180 µm, 180-212 µm and 212-250 µm were 
separated from sample QJD-1-32. In Fig. 5, Isochron age 
of this sample was calculated with 6 and 4 grain size 
fractions respectively. When all 6 grain size fractions 
were used, isochron IRSL age of 6.9±1.7 ka were ob-
tained. It is 12% smaller than its quartz age of 7.81±0.61 
ka. On the other hand, when 4 grain size fractions of 125-

150 µm, 150-180 µm, 180-212 µm and 212-250 µm were 
used in calculating isochron age, the age of 8.3±0.9 ka 
was then obtained with a 6% difference with its quartz 
age. There could not obtain reliable isochron age using all 
6 grain size fractions mainly due to the abnormal De val-
ues of 90-125 µm fraction (Fig. 5). If the grain size 90-
125 µm fraction was used in routine OSL dating, the 
apparent age of 8.69 ka will be obtained which overesti-
mates the age by about 11%. It suggests that large error 
of one grain size De would result in significant impact on 
the isochron IRSL age calculation.  

Relative deviation comparison 
The relative deviation values for K-feldspar apparent 

age, g value correction age and isochron IRSL age to 
their independent quartz age are shown in Table 2. The 
relative deviation values of K-feldspar apparent ages for 
sample QJD-1-6, QJD-1-26, QJD-1-32, QJD-1-50, D4, 
Dgw3, Dgw5, Sm1 and Sm2 are between 2-9%. These 
results do not consider the internal dose rate from Rb 
concentration as in the routine K-feldspar dating. The 
relative deviation values will increase when internal dose 
rate calculated using 13±1% of the K content (Zhao and 

 
Fig. 4. Isochron dating results of K-feldspar for sample QJD-1-6, QJD-1-26, QJD-1-32 and QJD-1-50 
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Li, 2005; Li et al., 2010) and 400±100 ppm of Rb con-
centration (Readhead, 2002), but they are still 10% 
younger than quartz ages. The relative deviation values of 
K-feldspar g value correction ages for these samples are 
between 12 and 40%. The relative deviation of isochron 
ages to quartz ages for sample QJD-1-26, QJD-1-32, 
QJD-1-50, D4, Dgw5 and Sm2 are less than 10%, while 
the relative deviation for sample Sm1 is about 20%.  

It is indicated that for Holocene samples, the K-
feldspar apparent ages are most close to quartz ages. 
Anomalous fading caused luminescence signal decay for 
Holocene sample is within systematic errors of laboratory 
measurement. Li et al. (2007b) consider that K-feldspar 
has advantages over quartz for the dating of very young 
samples. Although K-feldspar may suffer from anoma-
lous fading, its effect may be negligible for samples 
younger than 100 years. K-feldspar apparent ages can be 
used to distinguish deposition events and establish a rela-
tively reliable chronological framework for Holocene 
sections (see Fig. 2). When OSL signals from quartz 
fractions are too weak to obtain a reliable age for some 
Holocene samples, K-feldspar apparent age from routine 
SAR protocol could be used to establish age framework 
even though it is relative younger no more 10% than 
independent age. 

4. CONCLUSION 

IRSL ages obtained by routine SAR protocol, g value 
correction method and isochron dating method were 
compared with reliable independent quartz age.  

g value correction method cannot obtain reliable ages 
for Holocene samples in this study due to the large errors 
induced during g values measurements.  

Isochron dating method is effective to the sample with 
problematic external dose rate and could overcome the 
anomalous fading of the IRSL signal. However, Isochron 
dating may introduce relatively larger error during inter-
nal dose rate – De curve fitting; therefore this method 
could obtain low precision ages for Holocene samples. 

K-feldspar apparent age from SAR protocol could be 
used to establish age framework even though it is a little 
bit younger than quartz age. 
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