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1. Introduction

[1] In our isochron studies using grains of different sizes,
we observed that the IRSL ages obtained from K-feldspar
without correction for fading show an increase with increas-
ing grain size [Li et al., 2007, 2008]. Huntley [2011a] argued
that this result was caused by different fading rates for grains
of different sizes or by different source materials for different
sizes of grains. We replied to his comment [Li ef al., 2011],
suggesting that the phenomenon could be explained by there
being different fading rates for the IRSL signals produced
by natural and laboratory irradiation [Li et al., 2007, 2008].
Instead of applying a correction to the whole of the IRSL
signal [Zhao and Li, 2002], Li et al. [2008] deduced that the
IRSL signal derived from the internal dose rate does not
fade. An isochron dating method using the internal dose was
proposed, and it appeared to be able to give reliable ages for
well-bleached aeolian samples [Li et al., 2008]. We are
pleased that Huntley [2011b] has put forward new com-
ments and some valuable explanations for our isochron data
[Li et al., 2008] and that we can take the opportunity to reply
to his comments.

2. Difference Between Internal Dose and External
Dose in Fading of IRSL Signal

[2] The deduction that the IRSL signals due to the internal
dose and external dose have different fading rates is based on
empirical results which showed that the ages calculated using
the internal dose is higher than those calculated from the
external dose using the isochron method [Li ef al., 2007, 2008].
As mentioned by Huntley [2011b], one method of verifying
this deduction is to plot the ratio of the uncorrected K-feldspar
age to the true age as a function of the external dose rate and
see whether an extrapolation of the data set yields unity at
zero external dose rate. Li et al. [2008, Figure 10] showed
such a plot and indeed seemed not to support this assertion.
However, the underestimation factor (the ratio of the uncor-
rected K-feldspar age to the true age) will depend not only on
the actual anomalous fading rate in nature but also on the
sample’s age. Indeed, it has been shown elsewhere that older
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samples tend to have larger age underestimation [Li and Li,
2008; Kars et al., 2008]. Hence, it is not appropriate to
extrapolate all the data sets in Figure 10 [Li et al., 2008]
without consideration of the ages and source regions of the
K-feldspar grains, since the latter may result in different
anomalous fading properties. Only when samples have the
same fading properties and have similar ages could one
expect extrapolation of the ratios to result in unity for zero
external dose rate.

[3] Taking account of both the ages and geological set-
tings of the samples in Figure 10 [Li ef al., 2008], we have
divided the data sets into three groups of similar age range
and similar geological proximity or fading properties: the first
group includes samples HLD3, SY3, and WG3; the second
group includes samples Sm0404 and SmS5; and the third
group is made up of the remaining samples. If we consider
the different groups individually, three lines can be drawn
from unity at zero external dose rate and passing through the
three groups (Figure 1). Figure 1 cannot disprove the pos-
sibility that different contributions of the external dose and
internal dose can result in the different underestimation in
IRSL ages, that is, the higher contribution from the external
dose, the more underestimation in their ages.

3. Anomalous Fading in the Laboratory
and in Nature

[4] Several samples (D4, Dgw5, Sml, Sm2, Sm3, and
Sm4) have uncorrected K-feldspar IRSL ages in agreement
with the independent ages (in this case quartz OSL ages)
within uncertainties, although they are expected to have
lower IRSL ages based on the anomalous fading observed
in laboratory fading tests. Huntley [2011b] raises doubts
concerning the validity of our equivalent dose estimation
procedure; however, the procedure used for equivalent dose
estimation should be reliable as a good dose recovery test
was obtained [Li et al., 2007]. Furthermore, for other sam-
ples shown in Figure 1 which have uncorrected K-feldspar
ages lower than independent ages, the isochron ages are also
in agreement with the independent ages. This suggests that
the slopes of the lines F are not simply proportional to the
equivalent doses and also not dependent on the extent of
underestimation or anomalous fading.

[5s] Huntley [2011b] points out that the fading-corrected
ages are in agreement with the independent ages for some of
our samples (e.g., WG3, HLD3, and SY3) but not for others.
This could be explained by the laboratory-measured fading
rates not necessarily reflecting the rate of anomalous fading
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Figure 1. The ratios of uncorrected IRSL age to quartz OSL
age for 125-150 mm diameter grains, plotted against the
external dose rates (redrawn from Li et al. [2008, Figure 10]).

in nature. In particular, the anomalous fading rates measured
in the laboratory may be dependent on the natural dose
received and the dose rate during the burial period [Li and
Li, 2008; Kars et al., 2008]. Several studies have shown
that anomalous fading corrections made using the laboratory
measured fading rate failed [e.g., Wallinga et al., 2007; Kars
et al., 2010; Reimann et al., 2010]. These studies showed
that the fading-corrected ages might overestimate or under-
estimate the true ages, indicating that some natural processes
cause a change in the fading rate in nature; thus, the labo-
ratory fading test may not reflect the real fading rate that
takes place in the natural process. The consistency between
fading-corrected ages and true ages could result from a
balance between the processes for some samples, but not for
all; hence, the application of a fading correction using the
laboratory measured fading rate [Huntley and Lamothe,
2001] must be viewed with caution.

4. Explanations for the Isochron Dating Results

[6] Our deduction that the part of the IRSL signal derived
from the internal dose does not fade is based on experi-
mental results [Li et al., 2007, 2008]. We agree with Huntley
[2011a, 2011Db] that there is no clear physical mechanism for
such a phenomenon; however, the aim of our study was to
develop a technique which could both overcome any envi-
ronmental dose rate changes and avoid having to make a
correction for anomalous fading. We agree with Huntley
[2011b] that our inference of a nonfading IRSL signal from
the internal dose might not be true; it is only a possible
explanation for this phenomenon. Here we present some
other possible explanations which do not contradict con-
ventional radiation physics, and we will be glad to receive
additional explanations from others.

[7] In the original paper [Li et al., 2007] we suggested that
the decay of radioactive isotopes internal to K-feldspar
grains (i.e., “°K and ®’Rb) into new isotopes (i.c., *’Ca and
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873r) during the natural decay process may be the cause of
different fading rates between the IRSL signal created by the
radiation emanating from inside the K-feldspar crystal and
that from outside. The radioactive decay might have created
new defects and caused changes in the crystal microstruc-
ture, which might either create stable (or nonfading) traps or
prevent the tunneling process for the trapped electrons
related to these defects. Following this line of reasoning,
since the internal dose also relates to the decay of “°K and
87Rb, the portion of the equivalent dose corresponding to the
newly created stable traps would be proportional to the
internal dose. However, a problem with this possible expla-
nation is that the concentration of stable traps created should
be independent of grain size.

[8] Another possible explanation relates to the filling of
electron traps. The larger K-feldspar grains have a higher
dose rate (internal plus external dose rates) than the smaller
grains. If this higher dose rate could have resulted in a
higher electron filling probability, a lower fading rate in
nature would be inferred for the larger grains compared with
the smaller grain. As a result, age underestimation due to
anomalous fading for larger grains is less than for smaller
grains, and the slope of the trend line F in the isochron plot
will increase accordingly; this would result in all grain sizes
having different degrees of underestimation. The apparent
effect is that the increased slope of F would give an age
close to the true age. Such an effect should be dependent on
the fading rate of the samples, that is, less dependence for
samples with smaller amounts of fading, which agrees with
our results that the isochron method gave ages consistent
with expected ages when applied to samples with different
extents of underestimation in apparent K-feldspar IRSL
ages [Li et al., 2008, Figures 5 and 6]. However, this result
is in contrast to the results in Figure 10 [Li ef al., 2008],
which show that a sample with a higher dose rate tends to
have larger age underestimation.

[9] Another possible cause of the effect that we observe is
related to internal alpha particle emission. It has been shown
that there is a contribution of alpha dose from internal U
and Th contents in K-feldspar grains [Zhao and Li, 2005].
Because of the short penetration distance (~25 um) of alpha
particles in feldspar [Aitken, 1985], fewer alpha particles
will escape from feldspar grains with diameters larger than
this distance. The larger the grain size, the fewer alpha
particles will escape. As the high-energy alpha particle is
finally stopped in the crystal, defects may be formed that
relate to the electron traps. Thus, more defects are formed in
larger grains. It is possible that these newly formed defects
are associated with the creation of stable traps, and this
would result in relatively less fading in larger grains during
natural irradiation than in smaller grains. As a result, the
natural fading rate would be dependent on the grain size,
and the IRSL age would depend on grain size for K-feldspar
[Li et al., 2007]. However, because the internal dose rate is
also proportional to grain size, it appears that the natural
fading rate, and hence the apparent age, is dependent on
the internal dose rate. The preheat up to 300°C used in
laboratory measurements could result in diffusion of these
defects, and this might cause such a grain size dependence
to disappear in laboratory fading measurements. Such a
diffusion process is required since similar laboratory fading
rates for different grain sizes were observed [Li et al., 2007].
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[10] We acknowledge that a satisfactory physical mecha-
nism for explanation of the behavior of K-feldspar presented
in our experimental results is needed. The explanations
given above are not contrary to conventional physics but are
entirely speculative. Indeed, several complicated processes
could have contributed to the apparent result that the internal
dose gives ages consistent with the true ages. However, the
aim of the isochron method is to provide an alternative
approach for dating sediments with changes in past envi-
ronmental dose rate, and it is able to avoid the anomalous
fading problem.

5. Conclusion

[11] The isochron dating method can give reliable ages,
though a viable physical mechanism for the behavior behind
it is still to be found.

References

Aitken, M. J. (1985), Thermoluminescence Dating, Academic, London.

Huntley, D. J. (2011a), Comment on “Isochron measurements of naturally
irradiated K-feldspar grains” by B. Li, S.-H. Li, A. G. Wintle and
H. Zhao. Radiation Measurements 42, 1315-1327, 2007, Radiat. Meas.,
46, 166-167, doi:10.1016/j.radmeas.2010.08.018.

Huntley, D. J. (2011b), Comment on “Isochron dating of sediments using
luminescence of K-feldspar grains” by B. Li et al., J. Geophys. Res.,
doi:10.1029/2010JF001856, in press.

Huntley, D. J., and M. Lamothe (2001), Ubiquity of anomalous fading in
K-feldspars and the measurement and correction for it in optical dating,
Can. J. Earth Sci., 38, 1093-1106, doi:10.1139/cjes-38-7-1093.

Kars, R. H., J. Wallinga, and K. M. Cohen (2008), A new approach towards
anomalous fading correction for feldspar IRSL dating - tests on samples
in field saturation, Radiat. Meas., 43, 786—790, doi:10.1016/j.radmeas.
2008.01.021.

LI ET AL.: COMMENTARY

F01013

Kars, R. H., J. Wallinga, and F. S. Busschers (2010), Critical view on
K-feldspar post-IR IR dating, paper presented at UK Luminescence and
Electron Spin Resonance Dating Conference, Sch. of Geogr. and the
Environ., Univ. of Oxford, Oxford, U. K., 8-10 Sep.

Li, B., and S.-H. Li (2008), Investigations of the dose-dependent anoma-
lous fading rate of feldspar from sediments, J. Phys. D Appl. Phys.,
41, 225502, doi:10.1088/0022-3727/41/22/225502.

Li, B., S. H. Li, A. G. Wintle, and H. Zhao (2007), Isochron measurements
of naturally irradiated K-feldspar grains, Radiat. Meas., 42, 1315-1327,
doi:10.1016/j.radmeas.2007.09.008.

Li, B, S.-H. Li, A. G. Wintle, and H. Zhao (2008), Isochron dating of se-
diments using luminescence of K-feldspar grains, J. Geophys. Res., 113,
F02026, doi:10.1029/2007JF000900.

Li, B., S.-H. Li, A. G. Wintle, and H. Zhao (2011), Anomalous fading: A
reply to the comment by Huntley on “Isochron measurements of natu-
rally irradiated K-feldspar grains,” Radiat. Meas., 46, 164—165,
doi:10.1016/j.radmeas.2010.08.020.

Reimann, T., S. Tsukamoto, M. Naumann, and M. Frechen (2010), The poten-
tial of using feldspars for optical dating of young coastal sediments—A test
case from Darss-Zingst peninsula (southern Baltic Sea coast), Quat.
Geochronol., doi:10.1016/j.quageo.2010.10.001, in press.

Wallinga, J., A. J. J. Bos, P. Dorenbos, A. S. Murray, and J. Schokker
(2007), A test case for anomalous fading correction in IRSL dating,
Quaternary Geochronol., 2, 216-221, doi:10.1016/j.quageo.2006.
05.014.

Zhao, H., and S.-H. Li (2002), Luminescence isochron dating: A new
approach using different grain sizes, Radiat. Prot. Dosimetry, 101,
333-338.

Zhao, H., and S.-H. Li (2005), Internal dose rate to K-feldspar grains from
radioactive elements other than potassium, Radiat. Meas., 40, 84-93,
doi:10.1016/j.radmeas.2004.11.004.

B. Li and S.-H. Li, Department of Earth Sciences, University of Hong
Kong, James Lee Science Bldg., Pokfulam Road, Hong Kong 999077.
(shli@hku.hk)

H. Zhao, Key Laboratory of Desert and Desertification, Cold and Arid
Regions Environment and Engineering Research Institute, Chinese
Academy of Science, 320 Donggang West Rd., Lanzhou 730000, China.

3 of 3




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (ECI-RGB.icc)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


