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Abstract

Estimating the equivalent dose (ED) value is
critical to obtaining the burial dose for Optically
Stimulated Luminescence (OSL) dating. In this
study, a simple Bayesian method is used to assess the
standard error of an ED value in a linear or an
exponential model. An ED wvalue is treated as a
stochastic node that depends on a random variable
whose posterior distribution can be constructed and
sampled. The results show that the Bayesian
approach may improve the precision of an ED
estimate by avoiding the repeated curve-fitting
procedure employed in the routine “parametric
bootstrap” Monte Carlo method.

Key words: Bayesian method; Markov chain
Monte Carlo; equivalent dose; standard error

Introduction

In the commonly adopted single aliquot
regenerative-dose (SAR) protocol (Murray and
Wintle, 2000; Murray and Wintle, 2003), the
standardized natural OSL signal is projected onto the
growth curve that is constructed using a series of
sensitivity-corrected regenerative OSL signals to
calculate the corresponding ED value. A maximum
likelihood method was used by Yoshida et al. (2000)
to fit the growth curve with an exponential-plus-
linear model in which the true ED value was treated
as an unknown parameter, and the standard error of
the ED value was estimated through the profile
likelihood function. However, this method may result
in unreliable estimates (Yoshida et al., 2003) as the
number of points is not many more than the
dimension of the problem under -consideration
(Galbraith and Roberts, 2012). This problem led
Yoshida et al. (2003) to use a “parametric bootstrap”
method to simulate and fit a number of growth curves
repeatedly to obtain a more reliable estimate of the
standard error of an ED value. Duller (2007a) gave a
detailed introduction about how to estimate an ED

value and outlined two protocols (i.e. simple
transformation and Monte Carlo simulation) to assess
its standard error. Berger (2010) outlined methods
that incorporate the contribution of errors from the
characteristic parameters of a growth curve and their
covariances to estimate standard errors of ED values.
Classic numeric techniques such as non-linear
parameter optimization and interpolation are
routinely employed in these procedures (Peng et al.,
2013). In this study, a simple Bayesian method was
constructed to estimate ED values and their standard
errors using measured datasets. The Gibbs sampler
WinBUGS (Lunn et al., 2013) was employed to
perform the Bayesian Markov chain Monte Carlo
sampling, and the estimates were compared to those
assessed using the Analyst software (Duller, 2007b).

Methods

We use x; and y; to denote the i-th regenerative
dose and measured standardized (i.e. sensitivity
corrected) OSL, respectively, for each of the i=1 fo n
observations. A saturating exponential growth curve
may be described as:

Py, =a(l—-e ™) +c (Eqn. 1)

where )A)l, denotes the i-th fitted standardized OSL

and a,b,c are parameters to be optimized. Here a is
the saturation level (maximum value) of the
standardized OSL, b is the reciprocal of the saturation
dose, and ¢ is an offset accounting for potential
“recuperation” effects. Let y, and x, denote the
natural standardized OSL and the corresponding ED
value respectively. An estimate of the ED value can
be obtained by inversing Eqn. 1 analytically:

%, z_m[(a—yg +c)/al

(Eqn. 2)



18

Eqn. 2 is justified only if @ + ¢ > y,, that is, the
natural standardized OSL y, must not exceed the
saturation level of the growth curve. It should be
noted that even if the natural standardized OSL y, is
close to (but does not exceed) the saturation level, the
randomly selected quantity ¥, ~ N(y,,o,) (see

below) may exceed the maximum due to random
errors controlled by its standard error o). For this
reason, it is best to ensure that the dose to be
estimated does not exceed the double value of the
saturation dose (Wintle and Murray, 2006).

Software Analyst (Duller, 2007b) employs the
Levenberg-Marquardt algorithm to estimate the
parameters of a saturating exponential growth curve.
Once the parameters are determined, an ED value can
be calculated with Eqn. 2 or an interpolation
procedure using the natural standardized OSL. The
“parametric bootstrap” Monte Carlo method that
assesses the standard error of the ED value involves
fitting the growth curve and calculating the ED value
repeatedly using random natural and regenerative
standardized OSL signals simulated from normal
distributions whose widths are determined by the
relevant standard deviations (see Duller, 2007a for
details). In the following part, we derive a simple
alternative that avoids the repeated fitting process
needed in the routine Monte Carlo procedure for
obtaining the sampling distribution of an ED value of
a saturating exponential growth curve using the
Bayesian approach. The ED value whose distribution
is determined is treated as a stochastic node that
depends on parameters whose sampling distributions
can be simulated via a Markov chain Monte Carlo
method.

Firstly, note that it is possible to reduce the
dimension of the problem under consideration to
contain only parameter b via a linear algebraic
method (Peng et al., 2013), just as that used in
deconvolution of decay curves in previous studies
(Bluszcz, 1996; Bluszcz and Adamiec, 2006). Let w;
be the weight of y; . For a number of observations and
a given b value, parameter a can be calculated as:

iwizn:wi(l_eibx' )y _Zn‘,w,’(l_eibx" )Zn‘,w,’yt
_ o = im1 im1

a=
z w; z w; (1 _efbx, )2 _[Z w, (1 _e—bx, )]2
== i=1

(Eqn. 3)

Similarly, parameter ¢ can be determined by:

Ancient TL Vol. 32 No.2 2014

iwiyi _ai:wi(l —e™)

c="1 = (Eqn. 4)
Z Wi
i=1

In a weighted nonlinear least-squares estimation
we wish to minimize ,? =Zw,- (y, - 9,)*» where the

weight w; are equal to 1 / 6/°. The estimates obtained
with a least-squares estimation will be identical to
those given by a maximum likelihood estimation if
we suppose that each of the i-th regenerative
standardized OSL is independent of the others and

follows a normal distribution with mean J,and

standard error o, i.e., ¥, ~ N(J,,0,) . Note that y,

is the model based (fitted) standardized OSL and o;
is the standard error (based on photon counting
statistics and measurement error) for the measured y;.
Combining Eqn. 1, 3 and 4, we can treat )A/i as a

function of the observations (x;, y;, w; ) and parameter
b, which we denote as j =F(x,,y,w,b)-
prob(x,y,w|b) is the probability for observing the
standardized OSL signals y with fixed weights w at
doses x if the reciprocal saturation dose has the value
of b, it can be written as:

i Lyt —F (xj i owg )P
prob(x,y,w|b) = H\/\/: I

(Eqn. 5)

Similar to Eqn. 5, prob(b|x,y,w) is the probability
that b has a given value if the observations are x,y,w,
and it is called the posterior distribution of . From
Eqn. 1-5, it can be seen that if one is able to simulate
a random variable b based on its posterior
distribution, then variables q, ¢, x, can be regarded as
stochastic nodes that depend on the value of b.
According to Bayes’ theorem (Sivia, 1996), the
posterior distribution of 5 under condition of the
observed values is:

prob(b| x, y,w) o< prob(x, y,w|b) prob(b)
(Eqn. 6)

prob(b) is the so-called prior of b, and if it follows a
uniform distribution (i.e. prob(b) is a constant), then
sampling a random variable b from its posterior
distribution is equal to sampling a b value according
to the joint-likelihood function determined by Eqn. 5.
A good choice for the prior of b is the uniform
distribution U(0,1), which is equal to 1 for all values
of b between 0 and 1, and O for all other values.
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This simulation can be easily performed with a
general Markov chain Monte Carlo sampler, in our
case the software WinBUGS (Lunn et al., 2013).
WinBUGS requires as input (1) the measured values
(x,y,w), (2) the model (i.e. Eqn. 1), (3) the prior
distribution for the parameter to be simulated, in our
case U(0,1) for parameter b, (4) Eqn. 3-4 to reduce
the dimension of the model, and (5) Eqn. 2 to allow
calculation of the node x,. The software creates
automatically a random b value according to Eqn. 5.
Parameters a, ¢ depend on the value of b (see Eqn. 3-
4). They are the by-product of the simulation and are
regarded as nodes. By using randomly generated
natural standardized OSL values Y, ~N(yy,6¢) and the
nodes a and ¢, the sampling distribution of ED values
(i.e. xp) can be monitored according to Eqn. 2. That
means the distributions of these quantities can be
obtained iteratively, i.e. each time a value of b is
generated and the values of a and ¢ are calculated,
and the value of the ED can be monitored. After a
large number of simulations, we can infer statistical
quantities such as the mean, the median, the standard
deviation, and the 95% confidence interval of these
parameters. There are certain benefits to reduce the
dimension of the problem to contain only one
independent variable. Firstly, this makes the posterior
distribution of b be mainly dominated by the
likelihood function and the prior is almost irrelevant,
as a number of data points are used to simulate only
one parameter. Another advantage of reducing the
dimension lies in that it facilitates the sampling
process. The Gibbs sampler may fail to converge and
the generated samples may have poor mixing
properties if there are many quantities that need to be
sampled, as parameters in this model are highly
correlated with each other.

The same methodology would apply to a linear
growth curve by setting the slope as the independent
variable and treating the intercept and ED value as
nodes that depend on the value of the slope. Also, the
procedure may be modified to apply to a quadratic
growth curve. However, this method is inapplicable
to an exponential plus linear model, as this model
cannot be inversed analytically as x = £ '(y) and
software WinBUGS does not have a standard
function to do interpolation of this kind.

Results of Comparisons and Discussions

Measured datasets from 35 aliquots of samples
GL1-1 and 36 aliquots of sample GL1-2 (Peng and
Han, 2013) were analyzed. Decay curves of these two
samples have variable OSL intensities (Peng et al.,
2014). The net OSL intensity was calculated using
integration of the first 0.64s after subtracting
background from the last 50 channels in a decay
curve. The standard error of the sensitivity-corrected
OSL was based on counting statistics and a
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measurement error of 2%. Datasets from sample
GLI-1 and GL1-2 were fitted with a saturating
exponential and a linear growth curve, respectively.
We compared the estimates derived from the
Bayesian method outlined above using software
WinBUGS (version 1.4.3) with the results of the
“parametric  bootstrap” Monte Carlo method
described by Duller (2007a) using software Analyst
(version 4.12). Software WinBUGS was called in
batch model via the package R2WinBUGS (version
2.1-19) (Sturtz et al., 2005) for the R statistical
software so that datasets can be easily loaded and
analyzed. The outputs are summary statistics (the
mean, the standard deviation, the 95% confidence
interval, etc.) for the relevant parameters of the
growth curve and the desired ED value. Scripts for
running the models are presented in the
supplementary. In software Analyst, the number of
Monte Carlo iterations was set equal to 1,000. In
software WinBUGS, each dataset was simulated
through 50,000 iterations and the posterior inference
was based on 8,000 iterations. As is common
procedure with these types of simulations the initial
10,000 iterations were discarded (“burn-in”) and
every 5-th iteration was retained (“thinning”). The
kernel density plots of the parameters derived from
the exponential model simulation for an aliquot of
sample GL1-1 are shown in Figure 1. Related trace
plots of the variations of parameters and ED value
with the number of iterations are shown in Figure 2.
The unimodal and symmetric distribution pattern
(Figure 1) and good mixing property (Figure 2)
demonstrated in the simulated b value (also shown in
the ED value) indicate that the simulation appears to
converge. To test the program we also attempted to
fit an exponential model to a number of linear growth
curves. Our analysis suggests that for a growth curve
that is linear or approximately linear, the sampling
distribution of the saturating OSL (i.e. parameter a)
may seem to be very inhomogeneous and highly
variable if an exponential model is applied. But even
in this case, the posterior of b and the resultant ED
values can still converge to a unimodal distribution.
Figure 3 (A-B) shows a linear growth curve for
an aliquot of sample GLI-2 and an exponential
growth curve for an aliquot of sample GL1-1 that are
fitted using the Bayesian approach. A comparison of
ED values and their standard errors estimated using
the “parametric bootstrap” Monte Carlo method and
the simple Bayesian method is presented in Figure 3
(C-F). A paired two-tailed t-test with a 1%
significance level is used to test the significance of
difference between the results of the two methods.
For datasets from sample GL1-1 that are fitted with
an exponential model, the t-values calculated using
the difference of ED values and the difference of
errors of ED values are 0.16 and 5.06, respectively,



20 Ancient TL Vol. 32 No.2 2014

0.4 — 0.8 —
0.3 - A 0.6 —| B
> -4 ED=19.70 % 1.023 Gy, > 4 a=4.698 + 0.689
202 —f 2.4 -
7} 7}
(=] i (=] N
0.1 — 0.2 —
0 T I T I T I T I T I U T I T 1 T I T I
14 16 18 20 22 24 2 4 6 8 10
Node ED (Gy) Node a
160 — 1200 —
. C i D
120 —
b=0.0187 + 0.003 — ¢=0.003 * 0.0003
2 2
2 80— 2 -
Q [
(=] i o
400 —
40 —
0 T I T I T I T I 0 T I T 1 T | T I
0 0.01 0.02 0.03 0.04 0.001 0.002 0.003 0.004 0.005
Posterior of b Node ¢

Figure 1: Kernel density plots for the ED value and characteristic parameters of a saturating exponential growth
curve using an aliquot from sample GL1-1. Each plot is drawn using 8,000 samples. The plots show unimodal
distributions. Note: The density values plotted on the y-axis should not be confused with probability distributions
and can have values larger than 1.
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Figure 2: Variations of simulated ED values and characteristic parameters with the number of iterations in an
exponential model for an aliquot from sample GLI-1. Each plot is drawn using 8,000 samples. Throughout the
simulation variables are evenly spread over their feasible spaces, reflecting good mixing properties.
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Figure 3: A linear growth curve for an aliquot of sample GLI-2 (4) and an exponential growth curve for an aliquot
of sample GL1-1 (B) that are fitted using the Bayesian method. C and D: Comparisons of ED values obtained using
the Monte Carlo method and the Bayesian method for samples GLI-2 and GLI-1, respectively. E and F:
Comparisons of standard errors of ED values assessed using the Monte Carlo method and the Bayesian method for

samples GLI-2 and GLI-1, respectively.

and the critical t-value is 2.73. This demonstrates that
there is no significant difference between the two sets
of ED values, but there are obvious differences
between the standard errors at a significance level of
1%. Similar results are found in estimates from
sample GL1-2 that have a theory t-value of 2.72. ED
values estimated using the two different methods are

comparable, though the ED value estimated by
software Analyst is based on solely the natural
standardized OSL while the ED value obtained from
the Bayesian method is the mean value of all
resulting samples in node ED. This consistency may
result from the fact that software Analyst assigns
unequal weights to the observations using inverse
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variances so the shape of the resultant growth curve
is akin to that fitted by a maximum likelihood
estimation using Eqn. 5. However, it turned out that
for the analyzed aliquots almost all standard errors of
ED values assessed by the Bayesian method using
software WinBUGS are smaller than that estimated
by the “parametric bootstrap” Monte Carlo method
using software Analyst, though in general the
differences are small. The uncertainties arising from
photon counting statistics (Galbraith, 2002; Li, 2007;
Adamiec et al, 2012; Galbraith, 2014), the
instrument reproducibility (Truscott et al., 2000;
Thomsen et al., 2005), and the growth-curve fitting
error (Jacobs et al., 2006; Duller, 2007a) are the three
major source of uncertainties involved in estimating
an ED value. The differences of errors between the
two methods cannot be caused by the first two
sources of error that influence the uncertainty of the
standardized OSL if the same dataset is analyzed. For
a Monte Carlo method in which growth curves are
simulated and fitted repeatedly, bias is introduced in
each iteration. But the Bayesian method in which the
ED value is treated as a node that depends on a single
variable that can be sampled from its posterior
distribution avoids the curve-fitting process and may
result in a reduction in the standard error of an ED
estimate hence an improvement in precision.

A predominate advantage of the simple Bayesian
protocol is that a user need not pay much attention to
the initialization of parameters, unlike that
encountered when applying a classic nonlinear
method (Peng et al., 2013). Another benefit of the
Bayesian method is the flexibility with which
posterior inferences can be summarized (Gelman et
al., 2013). The Bayesian approach outlined above can
be modified to be more flexible to obtain more
variable ED distributions. McCoy et al. (2000)
observed that individual grains of quartz exhibit log-
norm distributions in their OSL intensities. Thus a
log-norm distribution may be assumed for the
standardized OSL (Yoshida et al., 2003) when
simulating an ED value. Whether normal or log-
normal distributions are assumed will make little
difference if the uncertainty of a sensitivity-corrected
OSL is relatively small (Galbraith and Roberts,
2012). It is also possible to specify the standardized
OSL to have constant relative uncertainty
(i.e.0; = ky; ), then the estimate will be equal to that
given by a weighted nonlinear least-squares method
with weights 1/y;” if we ignore the common constant
(Thompson, 2007). Moreover, if few outliers are
presented in a number of data points, the standardized
OSL may be assumed to follow a heavily-tailed
distribution (say, the #-distribution) so that outliers
can be accommodated. Additionally, in all the
preceding analysis, we have implicitly assumed that
the regenerative dose values are known exactly. But
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in fact, this assumption may be far from the truth as
the precision of a given dose is instrument-
dependent. If the associated error-bars for the x-
coordinate are not known, then we may perform the
simulation by assuming that they have constant
relative uncertainty, say, 1% or 2%, and the resultant
ED values will be more variable in this way.
However, it should be noted that the sensitivity of the
model to the imposed assumptions needs to be
carefully checked, and that any conflict between the
assumptions and the data may crash the simulation or
result in absurd posteriors within a Bayesian
framework. It is essentially the user’s responsibility
to ensure that the resulting posterior distribution is
correct when special priors or assumptions are
assumed.

Conclusion

A simple Bayesian approach is used to estimate ED
values and assess their standard errors for a linear and
a saturating exponential growth curve. The resulting
ED values are comparable to those obtained by a
weighted nonlinear least-square fit. This method
avoids the repeated curve-fitting procedures required
by the “parametric bootstrap” Monte Carlo protocol
in error assessments, and may result in an
improvement in the precision of an ED value.
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Introduction

In 2008 we published a paper (Nathan and Mauz,
2008) where we described, calculated and modeled
the impact of carbonate on the dose rate. Since then
the software (called ‘Carb’) has been employed in
several studies (Mauz et al., 2009, 2012, 2013)
resulting in a clear and unequivocal impact on the
accuracy of the OSL ages which allowed to improve
sedimentological models on the 100 ka Milankovitch
time scale (Mauz et al., 2013). This increased the
confidence that the dose-rate model is a reliable tool
to correct for post-depositional chemical alterations
involving carbonate.

Since publication, Nathan and Mauz, 2008 received
some attention, but it failed to incentivise dose-rate
modeling where it was - according to sample
description in the relevant publications - certainly
appropriate. We conclude that more attention needs
to be drawn to this issue by (i) providing a clear and
comprehensive description of the impact of carbonate
on the dose rate and by (ii) making the code available
to users.

When Nathan and Mauz (2008) was published, Carb
suffered from two weaknesses: (1) correction of U-
series secular disequilibrium caused by post-mortem
U-uptake of mollusk shells was not possible and (2)
interstitial carbonate was assumed to be inert while
no data were available to (dis-)prove this.

With this short paper we wish to encourage users to
appreciate (i) the importance of dose-deposition
efficiency and its dependence on material properties
and (ii) the significance of dose-rate change over
time. We aim at removing doubts and
misunderstandings about the impact of carbonate on
dose rate, at explaining the code including its update,
its assumptions and limitations and at providing
instructions on how to use it.

For description of the underlying physics, in
particular the infinite matrix concept, calculation of
attenuation factors, determination of mass stopping
powers and mass absorption coefficients, the reader

is referred to the original paper (Nathan and Mauz,
2008), to Guérin et al. (2012), Guérin and Mercier
(2012) and, of course, to Aitken (1985) and
references herein.

Carbonate and the cementation process
Cementation is the process which turns loose
sediment into rock. It occurs in marine, lacustrine,
fluvial and aeolian environments through new
minerals (forming cements) being precipitated as a
matrix in the pores between the primary sediment
particles (i.e. detrital components). A cemented
sediment is then composed of primary components
(e.g., detrital quartz, feldspar, limestone particles),
matrix (i.e. cement) and “empty” pore space (filled
by water or air). Cement formation is caused by
precipitation of calcium carbonate (CaCO3) minerals
from a pore fluid that is oversaturated with respect to
a carbonate phase. The process of cementation and its
timing depends largely on the pH and temperature of
the water-sediment mixture, the availability of CO,
from bacterial oxidation, permeability of the
sediment and hydrodynamic conditions. The process
of cementation can start during sedimentation (syn-
sedimentary) or after sedimentation (burial). During
burial dissolution, reprecipitation and
recrystallisation of the carbonate mass can occur.
These processes follow the relative thermodynamic
stability of the carbonate minerals (e.g., calcite,
aragonite) and the chemistry of the pore fluid with
the end-point of the process being chemical stability.

The dose-rate correction factor

At the time of sedimentation of the detrital
components the pore material is air and water. At t=0
which is the time when the pore material starts
changing, carbonate precipitates in the existing pore
space where it gradually replaces water or air. At t=1
the change ceased and the carbonate content is
achieved as measured today (for details of this
concept see Nathan and Mauz’s Fig 3). When the
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material of the pore space changes, so do the energy
spectra of beta and gamma rays and the related
energy absorption.

The relative energy absorption of the pore material
(i.e. water, air, carbonate) compared to the primary
sediment components is expressed by the correction
factor x and was computed by Zimmerman (1971) as
the effective ratio of mass stopping powers of water
and aluminium for beta radiation and the effective
ratio of mass absorption coefficients for gamma
radiation. With x=1 detrital sediment components
and pore material (matrix) absorb the same average
amount of dose over a given radiation spectrum.
Table 1 lists the correction factors in terms of the
different ratios (carbonate/sediment and
water/sediment) for beta radiation. The values
demonstrate an increase of the dose to quartz
deposition when water is replaced by carbonate
(because “water absorbs more than its fair share”;
Aitken, 1985, p. 69). They also show that the
transition from water to carbonate becomes
significant for the dose rate when the carbonate
content exceeds around 20% of the total pore
material.

| m./mg |
m,/mg, |0 0.04 0.20 1.00
0 - 0.99 0.99 0.99
0.04 1.19 1.09 1.03 1.00
0.20 1.20 1.09 1.09 1.02
1.00 1.19 1.18 1.15 1.09

Table 1. The correction factor x for beta radiation
for water and carbonate to sediment mass ratios (ms
= sediment mass, mc=carbonate mass; mw = water
mass). Values in italic are theoretical because they
do not exist in nature. For details regarding
radioactive elements see Nathan and Mauz (2008).

For beta radiation Zimmerman (1971) calculated
x=1.25 for water. Our value is 1.19 in agreement with
Guérin and Mercier (2012). The values of x decrease
by up to 17% (i.e. from 1.19 to 0.99) when all water
is replaced by carbonate. For gamma radiation the
difference is around 11% when x =1.14 (Zimmerman,
1971) is used for water. Aitken and Xie (1990)
computed x =1.065 and our analysis revealed 1.06-
0.98 for K, Th and U in water using the same data as
Aitken and Xie (1990) but excluding secondary
electrons. But because secondary electrons play a
role in gamma dose-rate absorption and because
Guérin and Mercier (2012) found values between
1.19 and 1.13 using the Monte Carlo simulation
software GEANT4, the original Zimmerman value is
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still valid. Guérin and Mercier (2012) also show that
for the energies considered (0.05-3 MeV) the x values
increase with decreasing particle size with a trend
towards a limiting value of 1.20 for particle sizes
between 20-500 pm.

The activity of carbonate

Most sedimentary environments are a sink for
radionuclides originating from detrital input. In
addition to detrital Uranium there is soluble Uranium
occurring in two oxidation states (U*" and U®"), but
in most environments the soluble U® form
dominates. Thorium mainly occurs in the 4+
oxidation state and is largely insoluble in natural
waters. Groundwaters, rivers or seawater therefore
contain considerable amounts of dissolved U but
virtually no Th. In rocks of geological age ***U is in
activity equilibrium with its daughter nuclides
including ***U. However, the a-recoil effect on the a
decay leads to preferential leaching of 2**U and hence
fractionation between ~*U and **U in the leachate.
Thus, **U /Z*U isotope ratios of ground- and river-
waters are usually higher than the equilibrium value.
The modern 2*U /Z*U activity ratio in marine waters
is around 1.146 (Chen et al., 1986; Robinson et al.,
2004).

Pore waters provide means for U transport into and
out of the sediment. There are various possible
scenarios such as U exchange between dissolved and
particulate phase, U uptake, U loss or U mobilisation
and any organic material being in exchange with the
pore waters is affected by these processes. U uptake
is known to be a dominant feature for organic
carbonate such as mollusc shells. But sediment
cement is a result of an inorganic precipitation
process and thus, little can be inferred from shells
about U uptake processes occurring in interstitial
carbonate. The few available data, generated by us
(for technical details see Appendix), are displayed in
Figs 1 and 2. Fig. 1 shows concentrations of 0 ppm
up to around 5 ppm in carbonate cement. In Fig. 2 the
U uptake in shell and carbonate matrix is plotted
against the age of the sample. It shows that with time
the uptake in shell can increase (not in all samples)
while there is no increase of U concentration in the
matrix. This suggests that, if uptake takes place, it
happens during primary cementation and not later
during burial. The assumption of an inert carbonate
matrix (Nathan and Mauz, 2008) is therefore
contested.

We conclude from these data that gradually in-
growing carbonate cement can contribute from nil up
to several percent to the dose rate. How this gradual
increase ultimately impacts on the dose rate over time
depends largely on the ratio between changing U
content on the one side and constant Th and K
content on the other side. The more other radioactive
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sources (K, Th) are part of the detrital sediment
component in a sediment, the smaller will be the
relative difference between onset and final dose rate
(where onset dose rate represents the radiation field
at the time of deposition and the final dose rate is the
one of chemical stability).
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Figure 1: The concentration of U and Th in
carbonate cement plotted against Si/Ca for two
samples originating from different geological
regions. Data with Si/Ca ~ 0.00 can be used for
interpreting the activity of the carbonate component
in the sample. LV246 originate from an around 6 ka
old aeolian deposit on the south Adriatic coast (Italy)
where the bedrock is limestone. LV210 originate
from an around 57 ka old aeolian deposit on the
Levant coast (Israel) where the bedrock is limestone.
These data indicate a large variability of activity
(0.1-5.5 ppm) of the secondary carbonate.

Ancient TL Vol. 32 No.2 2014

87 carbonate Cement Th
T4 « U
61 &
= -3
g &
&% &
E 4l n | ;\\}Q‘
A= | *] o Y,
Eol| | LGS
g . 188\° & 7
g E-E*l‘al RS r@;"’;‘.
B %4 - & +F
115 w0 -4 (% ﬁl
0l8s¥ @ hal )
relative age
8- Mollusc Shell o Th
74 U
— 61
&5
8 4
g 3 o
@ ,00
9 24 ¥
S )
[§] 14
OC T T T T T T T T
relative age

Figure 2: The concentration of U and Th in mollusc
shells and carbonate cement plotted against relative
age of samples. The data suggest early uptake of U in
secondary carbonate whereas the uptake in mollusc
shells can be continuous in time. In two samples (S-
Italian dune sediment and N-Tunisian beach
sediment) the U-uptake is similar in amount; in one
sample (Israel beach sediment) more U is up-taken in
the cement than in shells. For measurement details
see Appendix.

The accurate estimation of a changing dose rate over
time requires knowledge on the initial U activity
ratio. In a closed system this ratio is constant and
there is compelling evidence that virtually no natural
carbonate environment behaves as a closed system
(e.g., Thompson et al., 2003; Edwards et al., 2009).
We measured shell fragments and carbonate matrix in
two samples (LV111 and LV107) for their Z°Th/**U
and **U/P*U ratios (for technical details see
Appendix). The *°Th/***U ratio allowed calculating
an apparent age from which the apparent initial
24U/8U can be deduced (Fig. 3). For LV111, both
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U 1.19

LV111

“Th/**U: 0.6 - 0.9
#U/”U: 1.15-1.16
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Figure 3: The activity ratios in samples LVI111 and LV107. For data see Table 2.The upper arrows in each photo

indicate the shell, the lower arrows the cement matrix.

shell and carbonate matrix have mean measured
P4U/P8U activities that are greater than the marine
value of 1.146. But with the large uncertainty
associated with laser ablation *U/**U isotope ratio
measurements, the measured ratios for matrix
actually overlap with the marine value. The shell of

LV111 has a measured *U/>*U activity of 1.19 and
an apparent initial **U/”®U  activity of 1.21
indicating an open system. Assuming an initial
marine signature for the matrix, the measured

A Initial

D 230Th /zssU + 234U /238U + (k%:; 4 234%1/;;; U "
LV111- 0.3030 0.010 1.1915 0.010 31.8 1.19 1.210 0.011
shell
LV111- 0.9093 0.043 1.1641 0.019 156.0 16.69 1.255 0.027
matrix1
LV111- 0.5612 0.030 1.1589 0.024 71.0 5.68 1.194 0.028
matrix2
LV107- 0.5415 0.059 1.1452 0.036 68.8 10.84 1.176 0.043
matrix1
LV107- 0.8896 0.051 1.1704 0.022 147.2 18.19 1.258 0.031
matrix2
LV107- 3.1654 0.095 1.0248 0.023 - -
shell

Table 2: The activity ratios in samples LVI111 and LV107 and their related uncertainties. Analytical errors are
at 95 % confidence level. Age (ka) refers to the apparent U/Th age of the relevant material measured and does
not represent the depositional age of the sample. For calculation of those values the reader is referred to the

Appendiix.
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Figure 4: The upper graph shows the dose rate over time (solid blue line) with 95% confidence interval (dashed
blue line). The water content is reduced proportionately to the accumulation of carbonate in the sediment pores
until it reaches a new constant level. The lower graph shows the increase in absorbed dose over time (blue solid
line) with 95% confidence interval (dashed blue line) as a function of the integrated dose rate. The age of the
sample is estimated by projecting the D, (red line) and the error onto the dose function.

4U/PPU activity ratios of 1.159 and 1.164 and the
apparent initial “*U/**U activity ratios of 1.19 and
1.26 also indicate an open system for the matrix. The
shell of LV107 has a measured *U/**U activity of
1.02. Here, the measured “°Th/?*U activity ratio of
3.17 is in excess of natural activity ratios and
suggests U loss for this sample, probably after initial
U uptake into the shell. No initial *U/>*U ratio can
be calculated for this shell. The matrix has measured
U/P*U activity ratios of 1.145 and 1.17 and the
apparent initial Z*U/>"U activity ratios of 1.176 and
1.258 also indicate an open system for this matrix
(for data see Table 2 and Fig. 3).

These data confirm the open system behaviour of
samples that contain inorganic (cement) and organic
(shell) carbonate. To date, the impact of the activity
ratio on the dose rate is unknown.

Description of the code

Carb accounts for the post-depositional chemical
alteration of the sediment caused by cementation and
for post-mortem Uranium uptake in mollusk shells.
The dose rate over time is constructed as a series of
values (Fig. 4) where the water content is reduced
proportionately to the accumulation of carbonate in
the sediment pores until it reaches a new constant
level. The age of the sample is estimated as the length
of time needed for the integrated dose rate to equal
the equivalent dose (D.). Uncertainties in the dose
rate and ages are estimated using a Monte-Carlo
approach.

Carb is written for the MATLAB software. The
MATLAB script is called Carb.m and the input file is
SAMPLE DATA.txt. The script contains all
necessary steps to build the dose-rate model based on
the data provided in the input file.
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After loading the two files into the workspace of
MATLAB and running the script, the command
surface appears (Fig. 4). Here, the user selects the
sample. The input values of the selected sample
appear below the calculate button. These can be
modified using the ‘Variable Alternation’ option by
selecting the variable, type the new value, click insert
and then calculate. The script provides 5 answers: (1)
the conventional age based on the conventional dose
rate, (2) the conventional dose rate, (3) the age of the
sample as modelled by Carb, (4) the dose rate before
secondary carbonate started forming (onset) and (5)
the final dose rate (Fig. 4). The final dose rate and the
conventional dose rate must agree within 1.5%.

Data and data input

Data required are: K, Th, U, 238U, 234U/238U, water
content initial and final, carbonate content, grain
diameter, cosmic dose rate, internal dose rate, onset
and termination of carbonate formation, De, step size,
error cycle (i.e. the number of Monte Carlo
iterations). For units of the input data see Fig. 4. Most
of these data are required for conventional dose-rate
estimation and the reader is referred to Aitken (1985)
for details. **U is the initial detrital U before
secondary carbonate started forming. ***U and the U-
activity ratio is ideally determined by relevant
techniques (e.g. ICP-MS) or taken from literature
(Chen et al., 1986; Gascoyne, 1992) or inferred from
the U/Th ratio (see Ivanovich and Harmon, 1992 for
the U/Th ratio in the upper earth crust).

Data input is managed through the file
SAMPLE DATA.txt. The input file has the format

LV1ll LV107

0.105 0.073
0.004 0.004
0.650 0.670
0.002 0.020
1.250 0.790
0.080 0.070

where each column represents the data of one sample
and the values of each row are followed in the
subsequent row by their respective error values. For
order of data see also Fig. 4.

Underlying assumptions of the code

The code is based on the following assumptions
which are be discussed below: (1) the carbonate
content is secondary carbonate resulting from the
cementation process; (2) the growth of carbonate
cement is linear and it is inversely correlated with the
moisture content; (3) water and carbonate are inert
and therefore the number of decays within a unit
volume is constant; (4) U uptake by biological
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remains and initial U-activity ratio is known; (5)
there is no migration of radioisotopes within the
sediment; (6) the sediment is homogeneous at any
particular time and (7) the ionising radiation is in
charged particle equilibrium.

Assumption (2) is relatively robust because the
deviation from linearity is small over time. Assuming
constant number of decays per unit volume of
sediment (ass. 3) and absence of radioisotope
migration (besides U-uptake; ass. 5) is more
problematic. The series of constructed values as
shown in Fig. 4 is in nature more variable between
the onset and termination of dose-rate change. Also,
the equilibrium of the charged-particle fluence is only
an approximation for sedimentary environments
because spatial variation of the fluence is a function
of particle size and pore-size distribution as well as
lithic and pore-size structures (e.g., Guérin et al.,
2012).

Discussion

The purpose of this section is to discuss and highlight
important aspects and questions of dose-rate
modelling for carbonate rich samples.

The timing of cementation during burial:
Petrographic analyses allow distinguishing between
early and late cementation and thereby approximating
the timing of onset and termination. In addition, Carb
allows testing different scenarios. Moreover, Nathan
and Mauz (2008) showed that Carb is relatively
insensitive to the timing of the carbonate ingrowth. In
other words, the lack of the ability to quantify onset
and termination of cementation has a minor impact
on the accuracy of the model output.

Instantaneous cementation: If the cement formation
is instantaneous, the change of dose rate over time
may indeed be negligible. However, instantaneous
cementation is very rare in nature (Morse and
Mackenzie, 1990) and the assumption would require
evidence through petrographic analysis.

The change of dose rate over time in cemented
sediments: Secondary carbonate, which has energy
absorption coefficients that differ from air or water,
precipitates in the pore space over time and not at
once. The exact time span is hard to determine
because sediment carbonate geochemistry is a
function of thermodynamics, dissolution and
precipitation kinetics and surface chemistry of
carbonate minerals. From a conceptional point of
view we can say that for any given late Quaternary
sediment it may take 10>-10° years to reach chemical
stability. While the 10 years timescale is well known
in carbonate sedimentology (e.g. Morse and
Mackenzie, 1990) because it is an interesting
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exception in nature, the 10° years timescale is used
here by the author to illustrate that chemical stability
may not be reached over the time span covered by the
dosimeter.

Does the carbonate content impact on the dispersion
of D, values? The answer to this question requires
comparison of the radioactivities of matrix
(carbonate) and primary detrital components where
the latter potentially hosts a radioactive hotspot.
Likewise, it requires simulation work. In the absence
of this work a brief estimation can be made: The
range of 1 MeV electrons is in water twice as large as
it is in carbonates. As a result, radiation from
hotspots would reach a smaller volume of detrital
components when carbonate covers the pore space
instead of water or air. Taking the results of Mayya et
al. (2006) into account, it is likely that the dispersion
of D, values increase with increasing carbonate
content.

Daylight bleaching and carbonate ingrowth: The
deposition of the dosimeter as part of the detrital
component of the sediment occurs prior to
cementation and there are several orders of
magnitude time difference between bleaching and
(instantaneous) cementation.

Detrital ~ versus  secondary  carbonate:  The
differentiation and quantification of detrital versus
secondary carbonate requires petrographic analysis.
If the detrital component is dominant, i.e. if the
sample is barely cemented, the change of dose rate
over time is negligible. Detrital carbonate originating
from limestone bedrock is mostly inert and
contributes to the heterogeneity of the beta radiation
field in the sample. Typically, the size of the
limestone particles is different from that of the other
primary sediment components due to different
material properties. In this case the carbonate element
creates a geometry issue of the infinite matrix
concept, which is discussed by Guérin et al. (2012).

Secondary  carbonate and water: Based on
fundamental principles and empirical evidence in
sedimentology, it is expected that the texture of the
sediment (e.g. packing of components) does not
change during the cementation process and Carb
therefore assumes that the carbonate cement is
inversely correlated with the moisture content. Thus,
during burial the total volume of the sediment
remains approximately the same, while density and
mass change.

By how much does the dose rate change due to
secondary carbonate? 1If, for example, 40%
carbonate matrix was precipitated syn-sedimentarily,
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the change of dose rate over time would be
negligible. The correction factor would be different
but this difference would be small. It is the interplay
between all parameters that affects the accuracy of
the age estimate and this cannot be assessed by
examining parameters individually.

Does the ingrowth of secondary carbonate result in
age underestimation? The carbonate infill has
different dose-deposition efficiencies, which can
result in both under-and overestimation of age if this
efficiency is not taken into account. Nathan and
Mauz (2008) and Mauz et al. (2009) show however,
that dose-rate modelling using Carb results in lower
ages compared to a steady state dose-rate estimation.
The lower ages are a consequence of the lower dose-
deposition efficiency of carbonate compared to water
under the assumption that the carbonate matrix is
inert. But even if the carbonate matrix is not inert, the
data plotted in Figs 1, 2 and 3 suggest that a decrease
of dose rate during burial is more likely than an
increase. The rationale here is that the data (Fig. 2)
indicate an early uptake of U in the carbonate matrix
while the absorption of radiation through carbonate is
continuous throughout the time of burial and more
effective than through water. When plotting dose rate
against burial time (Fig. 4), the slope of the curve
would probably be less steep for a sample with an
active carbonate matrix compared to a sample with
an inert matrix.

Field appearance of cemented sediment deposits:
Well-preserved beds of a cemented sediment deposit
are those with a spatially relatively constant cement
to porosity ratio and are therefore the preferred
sampling target.

Carb and petrographic analyses:  Although
beneficial, Carb does not require petrographic
analyses. It requires quantification of the carbonate
content, which is a straightforward laboratory
analysis.

Carbonate ingrowth and the contribution of U to the
dose rate: In general, the contribution of U to the
effective dose rate is small if the sample is from a
closed sedimentary system. While U can create
secular disequilibrium in the sediment, for cemented
samples it is the energy absorption efficiencies of
different materials for beta and gamma radiation
originating from K, Th and U that are important.

Can the modern marine U activity ratio be adopted
for all cemented samples? In theory not, because the
carbonate cement could have precipitated from
meteoric water with a very different initial activity
ratio. In practice, the impact of an inaccurate activity
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ratio on the dose rate is probably small unless U is
the only radioactive source in the sediment.

Final remarks

In most carbonate-rich samples the dose rate
generated by external alpha, beta and gamma
radiation is low (e.g. <1 Gy/ka) to very low (e.g. 0.3
Gy/ka). A low external dose rate raises the
importance of the internal (i.e. within the dosimeter)
and the cosmic dose rate.

The application of the model does not require
detailed understanding of the underlying physics,
carbonate geochemistry or MATLAB software.

The robustness of the algorithm is limited. Extreme
sample values cannot be handled. Thus, the sample
must conform to the carbonate dose-rate model and
its assumptions as described above. Adjusting
parameters is an advantage of the code, but this
option is probably restricted to users with expert
knowledge.

The script file, a template file for the data input and
further instructions can be downloaded from the
Ancient TL webpage.
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Appendix

Measuring the Uranium and Thorium element
concentrations (Figures 1 and 2):

Aa New Wave UP193HE laser coupled to a Thermo
Element 2 sector field ICPMS was used. The laser
was operated at a repetition rate of 5 Hz, a spot
diameter of 30 pm and an energy density of 4-5
J/em®. The counting time for a single analysis was
120 s with 60 s measuring gas blank to establish the
background count rates and 60 s for laser ablation.
The following isotopes were used for elemental
analysis: 2’Si, *Ca, *Ca, **Th and **U. Total
dwelling time on each peak was 60 ms. The NIST
610 glass standard was used for calibrating the
relative element sensitivities. The concentrations
were taken from Pearce et al. (1997). The CaO
concentration of the carbonate samples was assumed
to be 55 wt %. With a laser penetration depth of 30-
50 um and a laser spot size of 30 um?, the purity of
the spot in terms of “carbonate only” was ascertained
by plotting the data of each spot against their Si/Ca
ratio (Figs 1 and 2) where Si/Ca ~0 indicates pure
carbonate.

Measuring the activity of inorganic (pore material)
and organic (shell) carbonate (Figure 3):

The samples were analysed using laser ablation (LA)
multi-collector (MC) - inductively coupled mass
spectrometry  (ICPMS)  U-Th  disequilibrium
techniques following the method outlined by
Hoffmann et al. (2009). All MC-ICPMS
measurements ~ were  performed  using a
ThermoFinnigan Neptune coupled with a New Wave
Research UP193HE ArF Excimer laser system.
Samples were placed in a laser sample cell together
with an in-house carbonate U-Th LA calibration
sample, which is a secular equilibrium calcite
'standard' for correction of instrumental biases of LA
U-Th isotope measurements on CaCO3. Ablation is
done using He as carrier gas which is mixed with Ar
sample gas and N2 in a quartz mixing cell before
injection into the Ar plasma. Typical laser power
density is 5 J/em? at 70 % power output, for U-Th
isotope LA measurements presented in this study we
used 7 Hz repetition rate and a 90 um diameter spot
size. A LA measurement was done on a 0.5 mm long
track, ablated by moving the laser spot at a speed of
20 pum/s along the track in 6 passes. A standard -
sample - standard bracketing procedure was applied
and data collection and corrections were carried out
following Hoffmann et al. (2009).
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Calculation of age and apparent initial **U/U
ratios (Table 2):

3OTh/A8U and **U/**U at the present time t were
measured. The following equation is used to
(iteratively) calculate the age t:

234 P
+ 238U (1) -1 ¢(1 — o P30~ 4234) t)
U /1230 - /1234

Decay constants A are 9.1577 x 10 a™ for *°Th,
2.826 x 10 a™ for 2*U, 1.55125 x 10™% a™ for **U.
Using the calculated age t, the apparent initial
ratio™*U/**U follows from

234 234
U U _
= —1| e 41

init .
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Luminescence techniques are nowadays a powerful
tool to date archaeological ceramic materials and
geological sediments. In particular
thermoluminescence (TL) is widely used for brick
dating, to reconstruct the building chronology of
urban complexes. However, it can be sometimes
inconclusive, since TL assesses the firing period of
bricks that can be reused in different structures, even
several centuries later. This problem can be
circumvented by using a dating technique which uses
a resetting event different from the last heating of the
material: an ideal candidate is OSL, exploiting the
last exposure to sunlight of the brick surface, which
resets the light sensitive electron traps until the
surface is definitely shielded by mortar and
superimposed bricks. This advanced application of
the OSL technique (surface dating) has been
successfully attempted on rocks, marble and stone
artifacts, but not routinely on bricks.

A recent conservation campaign at the Certosa di
Pavia complex (Italy) gave the opportunity to sample
some bricks belonging to a XVII century collapsed
wall, still tied to their mortars. This thesis work
aimed at testing the surface dating technique, by
having the opportunity to compare the dating results
with precise historical data. The study was carried out
in two steps; in the first part the material behaviour
after sunlight exposure has been checked. A non-
rapid decrease of surface signal as consequence of a
brief exposure to light, results in a limit the
applicability of surface dating technique. In the case
of samples examined here, a reduction of the
luminescent signal by 75 % was found after 6 hours
of exposure to sunlight, and a decrease of 90 % after
60 days of exposure. The response times of the
material are in agreement with those reported in the
literature for other types of materials.

The dependence of OSL/IRSL signal on the
penetration depth of sunlight, on the exposure time
and temperature has been studied. Freshly exposed

surfaces, cut in the laboratory at the middle of bricks,
were exposed to sunlight for different periods (from
60s to 2 months), and the external 0.5 mm layer
appeared to be fully bleached after a few hours of
exposure. The bleaching of the deeper layer needed at
least 1 month of exposure.

Five bricks were dated applying both TL (MAAD
technique) and OSL (SAR protocol) on bulk and
surface portion of the samples. The results showed
that the bulk OSL EDs well matched the TL EDs.
They were however systematically and significantly
higher than the surface ones, shielded by the mortar
layers. This was a strong evidence of the reuse of the
material: the bulk date (XI century) is associated to
firing in kiln, while the surface date (1530-1650 AD)
was in agreement with the known age of the wall.
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Interest in the optical luminescence dating (OSL) of
rock surfaces has increased significantly over the last
few years, as the potential of the method has been
realised. In this study we investigate the information
available in blue-stimulated luminescence depth pro-
files into the surfaces of 4 quartz-rich cobbles from a
Neanderthal site (Les Roches d’Abilly) in western
France, and IR stimulated luminescence depth profile
from a feldspar-rich granite whetstone from an Iron
Age villages near Aarhus in Denmark.

These profiles show qualitative evidence for
multiple daylight exposure and burial events. To
quantify both burial and daylight exposure events a
new model is developed. The existing model de-
scribing the evolution of luminescence depth profiles
is expanded to include burial before and after light
exposure, and the possibility of repeated sequential
daylight exposure and burial events. By determining
the burial ages from the surface layers of the cobbles
and by investigating the fitted luminescence profile, it
is concluded that all cobbles were apparently well
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bleached before burial. This indicates that the
estimated burial ages are reliable. In all cases the
burial age of the most recent burial event is consistent
with the expected age (quartz OSL on sediments from
Les Roches d’Abilly and archaeological con- text for
the Aarhus site). In addition, a recent known daylight
exposure event provides an approximate calibration
for daylight exposure events.

This study thus confirms the suggestion that rock
surfaces contain a record of daylight and burial
history. Rock surfaces can therefore be dated with
confidence, and it may be possible to determine a
daylight exposure history using a known natural light
exposure as calibration. Besides developing and
applying the mathematical model, a preparation
method for the samples used in this study has been
developed. This development was based on
knowledge of the chemical structure and properties of
quartz and feldspar, together with X-ray fluorescence
(XRF) measurements of full rock slices before and
after chemical treatment.

It is concluded that, in order to extract pure quartz
grains from the French samples, hydrogen chloride
(HC1) should be added before etching with
hydrofluoric acid (HF). If HCI is not used first to
remove calcium carbonate from the rock slices, HF
cannot attack and remove feldspar grains. It is also
shown that the absence of feldspar in XRF analysis
does not necessarily indicate that there is no infrared
luminescence sensitivity, indicating that feldspar has
not been completely removed.
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Thesis Title: Feldspars as support for the
luminescence dating of
archaeological deposits and
quaternary sequences of

Aquitaine

Grade: Ph.D.

Date: December 2014
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France

Currently available chronological information for
Middle Palaeolithic sites in southwestern France
precludes the establishment of a robust chronological
framework. For these early periods, developing such
a framework relies upon important methodological
advancements in numerical dating techniques.
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The results of this study are essentially based on
OSL dating of sedimentary feldspars and quartz.
Focusing on the most commonly employed
luminescence signals (IRSL, pIR-IRSL), it was
possible to more clearly evaluate the reliability of
dates obtained on K-feldspars. A dating protocol for
these materials based on their radioluminescence
signal (IR-RF) was also developed.

Optical luminescence dates were produced for six
major archaeological sites: (Marillac, Charente),
Combe Brune 2 (Creysse, Dordogne), Roc de Marsal
(Campagne, Dordogne), Artenac (Saint-Mary,
Charente), La Quina (Gardes-le-Pontaroux, Charente)
et La Ferrassie (Savignac-de-Miremont, Dordogne).
Collating the results for each archaeological level
allowed the coherence of the dates to be tested and a
reliable chronological sequence to be proposed for
each site.

The different human occupations, characterised by
their industrial attribution, could be placed within a
chronological framework that incorporates regional
palacoenvironmental and palacoclimatic variations.
Finally, several observations provide new insights for
our understanding of Neanderthal cultures.

Keywords: Middle Palaeolithic, chronological
framework, potassic feldspars, quartz, optical
luminescence, radioluminescence, palaeoclimate,
palaeoenvironment, Neandertal cultures.
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This thesis study focused on developing
luminescence dating procedures for feldspar, and
applying the luminescence dating technique to fluvial
terraces of Anjihai River in the northern piedmont of
Tian Shan range, China, to evaluate the deformation
rate of the Anjihai anticline in the late Quaternary.

In development of luminescence dating methods, a
low temperature multi-elevated-temperature post-
infrared infrared stimulated luminescence (MET-
pIRIR) protocol has been proposed for measuring the
Holocene samples using K-feldspar. Progressively
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increasing IR stimulation temperatures from 50 to
170 °C in step of 30°C were used in the protocol. The
residual doses for the MET-pIRIR signals were
generally less than 1 Gy. This protocol was further
simplified to a three-step pIRIR method, with three
stimulation temperatures of 110, 140 and 170°C. It
has been shown that these new pIRIR methods can be
applied successfully to aeolian samples within the
Holocene.

A high temperature MET-pIRIR dating protocol
was initially applied to polymineral fine grains (4-11
um), recovered from Chinese loess samples collected
at Luochuan that accumulated within the last glacial-
interglacial period. The MET-pIRIR ages for fine
grains were compared with the coarse grain (63-90
pm) K-feldspar MET-pIRIR ages and the coarse
grain quartz OSL ages, and the stratigraphic age
controls. The results show that the MET-pIRIR
protocol can be applied to fine grains from these
loess samples without fading correction.

A plateau test, termed the D. (T, t) plot, was
proposed as a self-diagnosing tool for the pIRIR
dating protocols. The pattern of the D, (T, t) plot was
shown to be affected by non-bleachable signal, partial
bleaching and anomalous fading effects. The
achievement of a plateau in the D. (T, t) plot
indicates that the non-fading signal has been
achieved, and the effects of non-bleachable dose and
partial bleaching are negligible. The D, (T, t) test was
successfully applied to different pIRIR protocols.

A series of loess and fluvial sand samples were
collected from the north piedmont of Tian Shan range
to determine appropriate dating procedures for
samples in this area. Luminescence properties of
quartz and K-feldspar grains extracted from these
samples were investigated. The extent of bleaching
for the samples and the reliability of the measured
ages were assessed based on equivalent dose
distribution and age comparison  between
chronometers. Optimized dating procedures for
samples in north Tian Shan have been proposed. K-
feldspar MET-pIRIR dating is recommended for the
loess samples, while single aliquot quartz OSL dating
is suggested for the fluvial sand samples, after
consideration of signal brightness and the extent of
signal resetting.

The dating procedures proposed above were
applied to the deformed fluvial terraces of Anjihai
River in the north flank of Tian Shan. Combined with
topographic measurements, the deformation rate of
the Anjihai anticline was evaluated. The average
shortening rates of the Anjihai anticline since 3.6
+0.1, 9.0 £0.6 and 53.3 £2.2 ka were calculated to be
1.4 +£0.3, 1.2 +0.3 and 0.5 0.1 mm/a, respectively. It
suggests that the northern Tian Shan region was
tectonically active during the late Quaternary,
especially in the Holocene.
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Understanding morphological processes that sculpt
former terrestrial landscapes is one of the driving
rationales in Quaternary research. Loess records have
been found to be valuable archives for reconstructing
paleoenvironmental conditions. However, once
identified, characterised and classified by fieldwork,
the stratigraphic significance of such records has to
be revealed by numerical dating. Luminescence
dating, especially optically stimulated luminescence
(OSL), is the leading dating approach for establishing
chronologies on loess archives. Furthermore, the
development of luminescence dating techniques on
sediments is closely connected with the history of
loess research and vice versa.

As part of the European loess belt the Saxonian
Loess Region is located in a transition zone between
oceanic dominated western and continental
dominated eastern climates. The Saxonian Loess
Region comprises up to 20 m thick Weichselian loess
accumulations, with intercalated paleosols. For the
first time, during the work on this thesis, high-
resolution numerical chronologies were established in
the Saxonian Loess Region on five loess sections
using OSL dating on quartz separates. The dating was
employed as a comparison of three quartz grain size
fractions commonly used for luminescence dating:
(1) coarse (90—200 pum), (2) middle (38—63 pm) and
(3) fine grain (4—11 pm). As a survey on four loess
sections, three from Germany (Saxony and Saxony-
Anhalt) and one from the Czech Republic, these
studies investigate the question whether the use of
different grain size fractions from one sample yield
consistent luminescence characteristics and age
results. In summary, seven studies are presented
along with an extended summary.

Four studies present numerical chronologies using
OSL dating techniques on different grain size and
(mineral) fractions. Two studies deal with technical
issues that arose during the dating applications.
Firstly, an R package for luminescence dating data
analysis ('‘Luminescence’) was developed and
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secondly, the cross-bleaching behaviour of IR-LEDs
of Risg luminescence readers were quantified. One
study treats the question whether the common
practice of using an identical alpha-efficiency (a-
value) for the conventional IR50 and pIRIR225
dating is justified under theoretical and empirical
viewpoints. It was found that for the established
numerical chronologies on loess the fine grain quartz
fraction results in reliable age estimates up to the
Eemian (MIS 5e, 5d). The high-resolution dating in
Saxony uncovered a prominent hiatus of ca. 30 ka
between the early and the late Weichselian found in
all investigated loess sections in Saxony. The fine
grain quartz age results are confirmed by the
polymineral fine grain dating. For lower dose ranges
(De < 100 Gy) age results of all three grain size
fractions agree within uncertainties. However, the
coarse and middle grain fractions show highly
scattered distributions. For higher doses (De >180
Gy) the luminescence signals of the coarse and
middle grain fractions are in saturation. In contrast,
the luminescence signal of the fine grain fraction still
grows and is reproducible as shown by test
measurements.

The results of a cross-bleaching survey on 10
luminescence readers revealed substantial cross-
bleaching behaviour of the IR-LEDs (mean cross-
bleaching: ca. 0.026 %), which is an order of
magnitude higher than for blue LEDs. The
investigation on the a-values of polymineral fine
grain samples gave evidence for significant
differences between the mean a-values obtained with
the IRS0 and the pIRIR225 signals. The a-value
obtained with the pIRIR225 signal was found to be
always higher, but further investigations are needed.

A PDF of this thesis can be downloaded from:
https://epub.uni-bayreuth.de/1673
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Thermally-transferred optically stimulated
luminescence (TT-OSL) is a form of optically
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stimulated luminescence that saturates at much higher
doses than conventional OSL (Wang et al, 2006b).
Luminescence sediment dating is a technique
whereby the natural radiation dose given to a sample
is measured. This is divided by the environmental
radiation rate of the sample site to give the sample's
age. As TT-OSL is able to measure higher doses than
conventional OSL, it has been considered a candidate
for long range luminescence sediment dating, beyond
one million years. In this thesis, TT-OSL single-
aliquot sediment dating protocols were tested on
selected samples from the south-east of South
Australia (SESA) stranded dune sequence, a
sequence of ancient dunes ranging from 0 to 900
thousand years of age that have previously been
independently dated using luminescence and non-
luminescence dating methods. A young sample with a
high natural dose from Baldina Creek, Burra, South
Australia was also dated. Measurements of the
thermal depletion of the TT-OSL signal were also
made.

It was found that, for the SESA samples, TT-OSL
dating results do not agree with previous independent
measurements above 200 ka. The results for the
young Baldina Creek sample were within the
expected range.
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Cyprus Island located in the Eastern Mediterranean
has strongly been affected by tectonic activities
resulting from plate movements, and the uplift of the
island continues at the present. The Island has also
been affected by the Late Quaternary and Holocene
climatic and sea level changes. These changes have
had great impacts on the development of the coastal
geomorphology. Proofs of these changes are
preserved in the beach rocks, marine deposits, wave-
cut platforms and eolianites that formed along the
coastline. Beachrocks in 23 localities, fossiliferous
marine deposits in 3 localities, eolianites in 3
localities, wave-cut platforms in 5 localities were
investigated at NCTR coasts in this thesis. Based on
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the analysis of the samples collected from the above
mentioned localities, the significance of these forms
were investigated in terms of the geochemical,
geostatistical and dating studies to evaluate the Late
Quaternary and Holocene climatic changes, sea level
fluctuations and tectonic controls.

The dip direction measurements from the eolianite
beds indicate that the paleo wind directions are in
accordance with present day wind characteristics.
Thus, prevailing wind directions in the Eastern
Mediterranean have not showed any significant
changes since the formation of the eolianites in Late
Quaternary. The ages of the beach rocks, based on
the OSL datings, are between 0.442+0.079 and
5990+0.341 BP. These beach rocks were formed in
both intertidal and supratidal environments as
recognized by calcitic cement types such as meniscus
bridge, dogtooth, pore filling and micritic envelopes.
Sea level curve shows that beach rocks were formed
in two successive rising sea level periods that
occurred in a low sea level condition between 0 m
and -1m. At present these beach rocks are found well
above the mean present sea level despite the fact they
formed at 0 and -1 meters. This implies that the
tectonic uplift is greater than sea level rise in North
Cyprus and this tectonic uplift has occurred at a rate
of 0.04 mm/year over the past 6000 years. As the
results are compared with the beach rocks studies
carried out at the southern coasts of Turkey, it is
suggested that a considerable uplift has occurred in
the Cilicia-Adana Basin, which is bordered by Misis-
Kyrenia Fault Zone. Based on the analyses carried
out on wave-cut platforms it is noted that, despite the
considerable uplift in the area, the rates of uplift
differs locally along the North Cyprus.
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The principal aim of the presented work is to study
the Thermoluminescence (TL) and Optically
Stimulated Luminescence (OSL) of quartz crystals
obtained from sediments located at the coast of the
state of Maranhdo. The analysis of OSL and TL
properties was carried out after gamma and beta
irradiation, pre-heating, and exposure of samples to
solar radiation, having in mind the dating of these
sediments. EPR measurements were performed to
investigate the possible paramagnetic centers in the
sample, as well as establishing some correlation with
the OSL and TL centers.

Measurements of single grain dating showed an
unexpected behaviour. This result could be evidence
that the centers responsible for TL and OSL are not
the same. Ages obtained by OSL depend only on the
brightest grains, while ages obtained by TL depend
on the contribution of multiple grains. The XRD
measurements carried out at LNLS confirmed that all
the separated grains were quartz grains, although
different grains produced different OSL emission,
suggesting that these properties are related to
different intrinsic point defects and impurities in the
grains. EPR signals were measured for quartz grains,
using a microwave power of 0.161 mW. It was
possible to isolate the signal of the E'l-center. This
signal is known to increase from 120 to 300 °C and
decreases by treatment beyond 300 °C up to 450 °C
and may be related to the TL peaks at high
temperatures. ESR measurements at 77 K showed the
presence of Al centers. Annual Dose values were
found to be between 0.7 to 3.0 mGy/year, and for
some profiles the values were more constant
(Location B: 1.77 to 1.95 mGy/year). The ages
obtained with OSL and TL and the MAR protocol are
quite similar, although those obtained by OSL usually
are somewhat smaller than the ages obtained by TL.
The stratigraphic depths of sediments are directly
proportional to the ages obtained. The three ages of
the second profile are within the Pleistocene, while
the other profiles show ages starting in the Late
Pleistocene to Holocene.

A PDF of this thesis can be downloaded from
http://www.teses.usp.br/teses/disponiveis/43/43134/t
de-27032013-135335/es.php
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Wind is an important agent of transportation of
sediments and to change the landscape. Aeolian
sediments can be inferred as a proxy for past climate.
In Sweden aeolian sediments are not widespread and
there are not so many studies on chronological and
paleoenvironmental aspects. It is believed that
aeolian sediments were deposited right after
deglaciation and reactivated during recent times as a
result of human impact and climatic deterioration.
For this study, cover sand in Blentarp, south Sweden
was selected. Twelve samples for OSL measurement,
two samples for 14C and ten samples for grain size
analysis were collected. The main aim of this study
was to determine the timing of aeolian sand
deposition and to relate it with past climate and
environment. A widely accepted chronological
technique for aeolian sediment, Optically Stimulated
Luminescence (OSL) dating technique was applied to
measure the age of the sand deposit. The result from
this investigation suggested that there were five
episodes of aeolian sedimentation. The oldest event
recorded during this study was after deglaciation at
ca.15 200 a. The second episode was at ca. 14 500 to
13 000 a and the last date obtained in this event is at
the beginning of the Younger Dryas. The third
episode of deposition was at ca. 1900 -1700 a at the
time of the Roman warm period. Fourth episode was
at ca. 400 -300 a and the fifth or latest episode was at
ca. 200 -160 a at the time of the Little ice age. The
first episode was deposited right after deglaciation
and the remaining four episodes were deposited
probably due to climatic impact such as strong
storminess or by human activities.

Keywords: Skdne, South Sweden, Vomb basin,
Aeolian, Sediments, Grain size, Luminescence, OSL,
Chronology
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Beaches are preserved above sea level along ice-
free portions of the Antarctic coastline due to post-
glacial rebound associated with glacial isostatic
adjustment since the Last Glacial Maximum. The
ages and elevations of these beaches provide relative
sea-level constraints for glacial isostatic adjustment
models and ice-sheet histories. Due to harsh field
conditions and difficulty dating Antarctic materials, a
lack of geochronological constraints on raised
beaches limits our understanding of relative sea level
around Antarctica. The focus of the studies discussed
here is on Antarctic raised beaches with goals to
improve the methods of dating cobble surfaces from
raised beaches using optically stimulated
luminescence and wuse the dated beaches to
reconstruct relative sea level and better understand
Antarctic coastal processes throughout the Holocene.
Through a series of cleaning methods applied to
sample carriers used for optically stimulated
luminescence measurements of sediment, the
contamination of dose-dependent, variable signals
from sample carriers previously assumed to have
neutral signals is eliminated. An analysis of optically
stimulated luminescence characteristics of quartz
from cobble surfaces with sample petrology and
cathodoluminescence provides insight on the
suitability of Antarctic materials for optically
stimulated luminescence dating. The limited amount
of quartz (<10%) found in the majority of the
samples often occurs as intergrowths in feldspars
characterized by irregular, anhedral crystal form. A
lack of discernible relationship between optically
stimulated luminescence and cathodoluminescence
properties and petrology suggest that
cathodoluminescence behavior and petrology are not
responsible for the poor luminescence characteristics
observed from quartz extracted from cobble surfaces.
A relative sea-level history of Marguerite Bay,
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Antarctic Peninsula derived from optically stimulated
luminescence-dated beach cobble surfaces further
constrains post-glacial rebound since the Last Glacial
Maximum. New ages suggest the Holocene marine
limit for Marguerite Bay is 21.7 masl with an age of
~5.5-7.3 ka. Our favored hypothesis for the ages of
the beaches from 21.7-40.8 masl at Calmette Bay is
that the beaches formed prior to the Last Glacial
Maximum. The temporal distribution of circum-
Antarctic raised beaches throughout the Holocene is
utilized to determine the relationship between wave-
energy, sea ice, and coastal evolution. The
distribution of raised beaches throughout the
Holocene around Antarctica shows synchronous
periods of beach formation in the Antarctic Peninsula
and the Ross Sea centered at 2.0, 3.5, and 5.3 ky BP
while East Antarctic (outside of the Ross Sea) beach
formation is out-of-phase with the rest of Antarctica
at 3.2, 4.2, 5.8, and 6.5 ky BP. The distribution of
beaches in the South Shetland Islands is dominated
by enhanced beach formation between 0.2 and 0.7 ky
BP most likely due to rapid post-glacial rebound
associated with the Little Ice Age with minor peaks
in beach formation from 1.3-2.2, 5.1-5.6, and 6.0-6.5
ky BP. Beach formation results from higher wave
exposure during periods of reduced sea ice observed
from comparison with Holocene sea-ice proxies. The
anti-phasing of beach formation in the Antarctic
Peninsula and Ross Sea compared to East Antarctica
is markedly similar to the phasing of modern and
Holocene climate forcing around Antarctica. The
findings of these studies focused on Antarctic raised
beaches have implications for understanding sea-
level, glacial isostatic adjustment, ice-sheet histories,
and coastal processes since the Last Glacial
Maximum.

Contact L.M. Simkins for a copy of the dissertation at
Isimkins@rice.edu or download from Ancient TL.
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In recent years single-grain dating of quartz has
been used to provide luminescence ages of proglacial
sediments but the poor sensitivity of the optically
stimulated luminescence (OSL) signal of quartz can
make dating in some geographical regions
challenging. The main aim of this study is to improve
luminescence dating in glacial environments by
developing and testing methods of single-grain dating
of K-feldspars from proglacial sediments using the
post-IR infra-red stimulated luminescence (pIRIR)
signal. The Lago Buenos Aires valley in Patagonia
was chosen as the study site because the existing
chronology in the valley that constrains the ages of
moraine deposition provides a rare opportunity to
compare luminescence dating of proglacial sediments
with ages determined using independent dating
techniques.

A number of challenges associated with single-
grain luminescence dating of K-feldspar are
addressed in this study in order to provide accurate
ages using the technique. This includes developing a
procedure using laser ablation inductively coupled
plasma mass spectrometry (LA-ICP-MS) to directly
measure the internal K-content of individual grains of
K-feldspar, and provide an average internal K-
content appropriate for single-grain dating where
geochemical measurements of individual grains are
not available. Experiments are also performed in this
study to demonstrate that the reproducibility of
single-grain pIRIR luminescence measurements can
be optimised by reducing the disc location
temperature from an elevated temperature to room
temperature and using the IR LEDs to bleach the
grains during the SAR cycle. Laboratory bleaching
experiments also demonstrate that the bleaching
potential of the pIRIR signal is not expected to be a
barrier for single-grain dating of samples in this
study.

Finally, IRSL ages are provided for single grains of
K-feldspar from two aeolian dune sand samples that
were taken from above and below the Kawakawa
tephra from North Island, New Zealand, and for a
suite of ten proglacial samples from the Lago Buenos
Aires valley that are associated with the deposition of
moraine ridges dated using cosmogenic isotope
dating and 40Ar/39Ar dating. The ages ranging from
15 — 111 ka presented in this study agree with the
independent numerical age control within dating
uncertainties. Therefore, this study suggests that the
technique can be used to provide accurate ages for
aeolian and proglacial sediments.
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Manas Lake is a closed and dried lake in the
Junggar Basin with catchment area of 11,000 square
kilometers. The lake is particularly sensitive and
important to the study of paleo-climate changes,
because the climate in the catchment area is
dominantly influenced by the Westlies. Dating of
lake paleo-shorelines and lacustrine sediments can
provide chronological evidence of water level and
climate changes. No evidence for Holocene high lake
level was found by previous studies.

The ages of samples were determined using
Optically Stimulated Luminescence methodologies.
The slope method was used for the determination of
the equivalent dose of quartz. Series of Lx and Tx
from a number of aliquots for each regenerative dose
are analysed to obtain an averaged slope value of the
Lx/Tx, by separately fitting Lx-Tx plots under each
regenerative dose. In this thesis, the slope method
was tested for a series of young lacustrine sediment.
It is found that using the slope method can save 40%
of the time used needed the conventional SAR
procedure. The errors were reduced by measuring a
large number of natural aliquots. This approach can
effectively improve the reliability of optical dating. It
is preferred for dating of young samples, because of
weak signals and poor precision.

Fifteen lacustrine sediments and shoreline deposits
were dated. These samples were from a borehole, a
profile section and shoreline deposits of the latest
high lake level. High-resolution data were achieved
by using the slope method of OSL signals from
quartz for the lacustrine sediments. Magnetic
susceptibility of these samples was measured as a
proxy for revealing paleo-climate changes. The OSL
ages suggested that the lake had experienced a rapid
deposition process during 200~600 years ago. Such
ages agreed well with the ages of the last high lake
level, which was the age of the little ice age. It is
concluded that the paleo-climate of Lake Manas was
cold and wet during the little ice age. Sedimentation
gaps with age gap of 70ka were found between
sediments of the little ice age and sediments beneath,
from both the lacustrine borehole and paleo-
shorelines. It implies that Lake Manas probably
drained for a considerable time.
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The dune system in the Mu Us and Otindag sand
fields of northern China is sensitive to climate
change, where the local climate is controlled by the
East Asian monsoon. It is one of the key sites to
investigate the history of past environmental changes
in China. Alternating sandy loam soils with sand
layers in these sand fields indicate multiple intervals
of dune activity and stability. In this study, twenty-
one representative sand-sandy soil-sandy loess
sections from the Mu Us and Otindag sand fields are
investigated with optically stimulated luminescence
(OSL) dating to establish the chronology of wet-dry
climate variations during the Late Quaternary. On
basis of 66 OSL ages and the proxies of grain size
distribution, magnetic susceptibility, organic matter
content, organic 613C value and Zr/Rb ratio from
more than 300 samples, which are directly related to
the climate variations, we refine the regional wet-dry
changes and the warm-cold events in the past circa
60 ka.

The equivalent doses (De) were determined by the
single aliquot regeneration (SAR) protocol with 90-
125 (150) pum pure quartz particles. The OSL dating
results provide a relatively complete and well-dated
chronology for wet and dry variations from 57.1 ka to
0 ka. To some extent, the limitations of previous
chronology are overcome.

Comparison of the grain-size distribution (>63 pm),
the magnetic susceptibility and the total organic
matter show that the latter two are positively related,
and both are negatively related to the coarse grain-
size (>63 pm) fraction. High sand (>63 pm) content
is considered to be a direct indicator of the dunes’
activity, while the total organic matter and the
magnetic susceptibility are indicative of stable dunes.
Furthermore, the total organic matter is more
sensitive to climate change, especially wet-dry
changes, than the magnetic susceptibility. Although
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the stable carbon isotopes in soil organic matter
(SOCI) can be used as a proxy index of intensity of
the summer Asian monsoon in two sand fields, the
SOCI variation within plants using a single
photosynthetic pathway must be taken into account,
especially when the vegetation is pure C3 plants. Our
study indicates that there is no linear relationship
between SOCI and the summer monsoon intensity.
Zr/RDb ratio, which is positively related to the coarse
grain-size (>63um) fraction and the mean particle
size in the Mu Us sand field, may serve as a proxy
index of the strength of the East Asian winter
monsoon. However, this is limited to the Otindag
sand field due to the difference of source rocks.

In the Otindag sand field, the widespread dune
mobilization occurred at 17.7ka; from 9.9 ka to 8.2
ka, it was a dry climate. The dunes were mainly
stabilized between 8.0 ka and 2.7 ka, implying a
relatively wet climate, although there were short-term
penetrations of dune activity during this wet period.
After ~2.3 ka, the region became dry again, as
inferred from widespread dune activity. The “8.2ka”
cold event and the Little Ice Age -climatic
deterioration are detected on the basis of the dune
records and OSL ages. During the Medieval Warm
Period and the Sui-Tang Warm Period, climate in
Otindag sand field was relatively humid and the
vegetation was denser, and the sand dunes were
stabilized again.

In the Mu Us sand field, the climate was relatively
dry between 57.1 and 52.5 ka and the dune system
was active. Sandy loess deposition occurred at around
41.2 ka and 37.7 ka, indicates the climate was relative
humid and the sand dunes were in the relative stable
condition. During the episode of 13.7 and 12.7 ka,
coarse sand layers were deposited again, climate was
relatively drought-prone, vegetation cover decreased,
and the sand field expanded. It was humid as sandy
soil developed at 11.6 ka. During the interval of
10.97- 8.67 ka, the total organic matter and the
lithology show wet-dry alternate frequently, but the
sandy dunes are still mainly active. The Holocene
Optimum was revealed from 8.5-2.4 ka, the sandy
soil was widely formed in this time. The uppermost
aeolian sand layers yielded OSL ages of 0.15 and 0
ka respectively, suggesting the dunes are mobilized in
modern times. Some abrupt environment changes,
such as H5, Younger Dryas and MIS3 climatic
events, were found in the Mu Us sand field.

These aeolian records reveal the climate changes at
millennial time scales during the Late Quaternary in
the two sand fields, and these climatic changes may
be linked to climate variation elsewhere in the
Northern ~ Hemisphere,  through  atmospheric
circulation.
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XIX INQUA 2015

NAGOYA, JAPAN
27 July—2 August, 2015

The next INQUA congress will be held in
Nagoya on 27 July - 2 August, 2015. We hope
many of the LED participants will not miss this
opportunity to visit Japan. Our OSL-ESR
session has been approved including other
methods such as with cosmogenic nuclei.
Please visit the web site

http://inqua2015.jp/

and

http://convention.jtbcom.co.jp/inqua2015/session
/s08.html

for the details of the session.

Deadline for abstract submission:
Dec. 20, 2014

Shin Toyoda


http://inqua2015.jp/
http://convention.jtbcom.co.jp/inqua2015/session/s08.html
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Ancient TL

Reviewing System

In order to ensure acceptable standards and minimize delay in
publication, a modification of the conventional refereeing
system has been devised for Ancient TL:

Articles can be sent directly by authors to a member of the
Reviewers Panel chosen on the basis of the subject matter, but
who is not in any of the authors’ laboratories. At the
discretion of the Editor, reviewers who are not listed in the
Panel may be used.

The reviewing system aims to encourage direct dialogue
between author and reviewer. The Editor should be kept
advised of the progress of articles under review by sending him
copies of all correspondence. He is available for advice where
reviewing difficulties have arisen. Authors whose mother
tongue is not English are required to have their manuscript
revised for English before submitting it.

We ask reviewers to specify (where required) the minimum of
revision that is consistent with achieving a clear explanation of
the subject of the paper, the emphasis being on rapid
publication; reviewers are encouraged to make a brief written
comment for publication at the end of the paper. Where a
contribution is judged not to meet an adequate standard without
substantial modification, the author will be advised that the
contribution is not suitable for publication. Articles that are not
considered to be of sufficient interest may also be rejected.

Procedures

1. Articles should be submitted to an appropriate member of
the Reviewing Panel or Editorial Board, chosen on the basis
of the subject matter, but who is not in any of the authors’
laboratories.

2. Articles should not normally exceed the equivalent of 5000
words inclusive of diagrams, tables and references. Greater
space will be appropriate for certain topics; for these the
Editor should first be consulted.

Short notes and letters are also invited. These should not
exceed two printed pages in Ancient TL, including diagrams,
tables and references (equivalent to ~1400 words of text).

3. Diagrams and labels should be ready for direct reproduction
and not normally exceed 12 cm wide by 10 cm high. Where
possible, high quality electronic versions of figures should
be submitted. Separate figure captions should be supplied.
Inappropriately scaled drawings and labels will be returned
for alteration.

4. Authors are asked to submit the paper, including diagrams,
to the Reviewer and a duplicate copy to the Editor.
The final version of the text must be submitted to the Editor
electronically using a standard format (Microsoft Word for
PC is currently used for producing Ancient TL). Electronic
copies of Diagrams and Tables should also be submitted.

5.Upon receipt of an article, the Editor will send an
acknowledgement to the author. If the Reviewer is unable to
deal with the contribution within 4 weeks he/she will inform
the author and advise the Editor.

Requirements under various situations

When agreement concerning an article has been reached:

The Editor should receive a copy of the final version of the
paper, both as hard copy and electronically. The Reviewer
should send their final decision, including comments for
publication if any, to the Editor.

If the article has not been rejected, but agreement on its final
Jform cannot be reached or where there are protracted delays
in the reviewing process:

The Editor may request an assessment from the Reviewer and
responsibility passes to the Editor.

If the article is rejected:
The Editor and author receive notification from the Reviewer,
with an indication of the reason for rejection.

Thesis abstracts are to be sent to the Editor and in principle do
not need reviewing. However, authors are requested to make
sure that the English is correct before submission. Thesis
abstracts should not exceed 750 words, and figures and tables
are not accepted.

Advertising. Formal information on equipment can be
published in Ancient TL. It should not exceed one printed
page. Current charges are displayed on the website
(http://www.ecu.edu/cs-cas/physics/Ancient-TL.cfm)

Subscriptions to Ancient TL

Ancient TL Vol. 32 No.2 2014 will be the last issue that
is published in print. Future issues will be available for
download free of charge from the Ancient TL website
(http://www.ecu.edu/cs-cas/physics/Ancient-TL.cfim)



