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ABSTRACT 
Schist is a common siliciclastic geological material that has been extensively used in 

buildings as brick, tile and roofing slates. Its use, especially in the Mediterranean sea is 
widespread through the centuries. There are various examples from the ancient Greece, 
such as monuments from Knossos, Karthaia, as well as from modern Greece, such as 
traditional houses, etc. Schist is a metamorphic crystalline rock composed largely of sili-
con minerals, such as quartz, muscovite mica and feldspars. The type and composition 
of schists, as well as, the concentration of each mineral depends strongly on the type 
and the origin of the schist. Its past and modern use makes it a suitable candidate for 
archaeological dating, as well as, for retrospective dosimetry purposes. 

In the present work a preliminary characterization of schist is performed in order to 
investigate if some basic properties required for dating applications can be found in this 
material. The preliminary study concerns the optical stability, the sensitization and line-
arity of the Infrared Stimulated Luminescence (IRSL) resulting from feldspars, as well as 
the post IR Blue Optically Stimulated Luminescence (post – IR Blue OSL) resulting 
mostly from quartz. The results indicate that both signals are rapidly bleached when the 
sample is exposed to sunlight. The dose response was found to be linear for radiation 
doses at least up to 75 Gy for the IRSL signal and at least up to 25 Gy in the case of post 
– IR Blue OSL. The use of a single aliquot measurement protocol, due to the lack of 
sensitisation, extends the latter dose response linearity region up to 75 Gy for the post – 
IR Blue OSL signal of schist. Finally, the application of the double single-aliquot 
regenerative-dose protocol to schist was investigated, in order to recover, successfully, 
the equivalent dose in 4 – 11 μm grains of the compound. 

 

KEYWORDS: natural schist; OSL; dose response; sensitivity; sensitization; double SAR pro-
tocol 
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1. INTRODUCTION 
Optically Stimulated Luminescence 

(OSL) has been established as a promis-
ing dosimetric technique in various 
fields, such as medical, environmental, 
personal, space and retrospective do-
simetry (McKeever, 2001; Bøtter Jensen 
et al, 2003; Yukihara et al., 2006). The 
case of retrospective dosimetry, consists 
of two major categories, namely the ar-
chaeometry luminescence dating 
(Liritzis, 2000) and accidental dosimetry. 
Both fields involve the use of any geo-
logical material as dosimeter in order to 
evaluate the accumulated dose over a 
long time period. Any geological mate-
rial is a natural dosimeter in action. 
However, its use as a dosimeter requires 
a prior systematic characterization in 
order to find if its properties meet the 
requirements set by the specific applica-
tion.  

Schist is a common geological silici-
clastic material that has been extensively 
used in buildings as brick, tile and roof-
ing slate. Its use, especially in the Medi-
terranean Sea is widespread through the 
centuries. There are various examples 
from the ancient Greece, such as monu-
ments from Knossos, Karthaia, as well as 
from modern Greece, such as traditional 
houses, etc. A preliminary thermolumi-
nescence (TL) characterization of this 
material, performed by Afouxenidis et 
al., (2007) indicated that natural schist is 
a promising TL candidate for archaeo-
logical dating and retrospective do-
simetry measurements, due to its linear 
TL response for doses in the range be-
tween 1 – 100 Gy (with the 1100C being 
an exception, yielding saturation at near 
50 Gy) and the easy – to – bleach TL sig-
nal. Finally, the sensitivity of the TL sig-
nal was found to be very stable, with the 

exception of the 2700C glow peak that 
was highly sensitized. 

In the case of OSL dating using un-
fired geological materials the basic re-
quirement is the zeroing of latent lumi-
nescence signals by bleaching due to ex-
posure to daylight. The surface of stony 
objects has been exposed to daylight be-
fore they have been included in a build-
ing. After that parts of their surfaces ul-
timately become shielded from light al-
lowing the dating of various archaeo-
logical and geological events, such as 
construction and destruction of stone 
buildings (Greinlich et al., 2005; 
Vafiadou et al., 2007). A detailed account 
of OSL and TL on various rock types has 
been reported by Liritzis et al., (2008a).  

There have been several attempts to 
employ common building materials in 
dating historic buildings and monu-
ments. Liritzis (1994) proposed the use of 
limestone to date megalithic structures. 
Similar attempts were also made to de-
termine the ages of the Temple of Apollo 
at Delphi and the pyramid-like struc-
tures in Greece (Liritzis et al., 1997b; 
Theocaris et al., 1997). The applied 
methodology involved thermolumines-
cence measurements, but was hampered 
by the fact that a significant residual TL 
signal in limestone is left, even after a 
prolonged exposure to sunlight (Liritzis 
and Galloway, 1999). The same problem 
in sediment dating was overcome by us-
ing OSL techniques (Huntley et al., 
1985), while in the case of limestones by 
the new quartz extracted technique 
(Liritzis et al., 2008a). 

The application of schist in OSL dat-
ing according to the principle described 
above could be very promising. The aim 
of the present work is to study the basic 
optical properties of natural and chemi-
cally untreated schist, in order to inves-
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tigate whether it fulfills the necessary 
requirements as an OSL dating material. 

 

2. MATERIALS AND METHODS 

2.1 Sampling 

The material used in the present 
study is a natural schist sample obtained 
from a roofing slate of a house in the vil-
lage Koupa, in Nothern Greece. The 
elemental and mineralogical composi-
tion of this specific sample was investi-
gated by the micro-X Ray Fluorescence 
(μ-XRF) and X Ray Diffraction (XRD) 
techniques. Spectral results are given in 
Figs. 1 and 2. These results indicate that 
the schist sample was rich in silicon and 
consisted mainly of quartz and albite 
(Na(AlSi3O8)), a common type of feld-
spar. Mineral separation was not at-
tempted in this preliminary study. The 
reason is that in most cases a very lim-
ited amount of material capable for ap-
plication can be obtained. Therefore, it is 
very important to find that the mixed 
natural and chemically untreated mate-
rial in the state of fine grains possesses 
all the necessary properties for the OSL 
dating procedure. So, for the OSL meas-
urements, a piece of the original sample 
was initially crushed in a vice and grains 
of dimensions between 4 and 11 μm 
were selected and deposited on 1 cm2 
aluminum discs using the Zimmerman 
method (1971). Previously, the outer sur-
face layers were mechanically removed 
in order to remove weathering products.  

 

2.2 Apparatus and methodology 

All luminescence measurements were 
performed using the RISØ TL/OSL 
reader (model TL/OSL – DA – 15), 
equipped with a high-power blue LED 

light source, an infrared solid state laser 
and a 0.085 Gy/s 90Sr/90Y β-ray source. 
The reader is fitted with an EMI 9635QA 
PM Tube (Bøtter- Jensen et al., 2000). All 
luminescence signals were detected 
through a 7.5 mm Hoya 340 filter. The 
latter was chosen, because albite pre-
sents its main emission band from ~ 150 
to 350 nm, centred at 290 nm (Clarke and 
Rendell, 1997). This spectral band almost 
coincides with the transmission charac-
teristics of the Hoya 340 detection filter 
(Bøtter- Jensen, 1997).  

The power level was computer con-
trolled and set at 90% and 70% of the 
maximum power for the infrared and 
blue stimulated luminescence respec-
tively, delivering to the sample a total of 
36 and ~95 mW cm-2 respectively. All 
measurements were performed using 
continuous wave OSL (CW-OSL) stimu-
lation mode. In order to monitor inde-
pendently the OSL contribution from 
quartz and feldspars, the measurement 
procedure involved exposure to infra-
red (IR) light, prior to the measurement 
of the blue light-stimulated OSL signal 
(termed post – IR Blue OSL) (Liritzis et 
al., 1997a; Banerjee et al., 2001; Liritzis et 
al., 2001; Roberts and Wintle, 2003). We 
have to stress here that the post – IR Blue 
OSL signal is likely to be dominated by 
quartz, but should also contain an un-
known contribution from feldspars, 
since it has been demonstrated that a 
significant OSL signal can be obtained 
from feldspar grains even after the infra-
red stimulated luminescence (IRSL) sig-
nal has been reduced to a negligible level 
(Duller and Bøtter-Jensen, 1993; Roberts 
and Wintle, 2003). 

Stimulation times were chosen to be 
150 s for IRSL and 60 s for post – IR Blue 
OSL. Initial tests verified that these stimu-
lation times were adequate for both lu-
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minescence signals to reach the dark cur-
rent count rate. Both signals were meas-
ured; at room temperature without pre-
heat, as well as at 1250C after the sample 
had been preheated at a temperature of 
1800C for 10 seconds. The choice of the 
specific preheat temperature of 1800C, 
was based on separate experiments de-
scribed in the next section 2.3. 

 

2.3 Preheat test 

The preheat test is performed in order 
to evaluate the optimal preheat tempera-
ture, for both Infrared and Post- IR Blue 
stimulation measurements, needed to 
remove the “1100C” glow-peak which is 
present during the artificial beta irradia-
tion. While investigating the preheat 
temperature to be used in a retrospective 

dosimetry study it is necessary to com-
pare the response of both natural IRSL 
and post-IR blue OSL signals as well as 
the corresponding regenerated signals, 
in the latter situation using aliquots in 
which the trapped charge has been re-
moved by the laboratory bleach and then 
given a laboratory dose. At the present 
test, the effect of 10 sec preheats was 
studied at temperatures ranging be-
tween 1200C and 2800C (with a step of 
200C) on the shape of the decay curves 
obtained subsequently. In the case of 
regenerated signals, a dose of 4.5 Gy was 
delivered. It is the ratio of these two sig-
nals, namely natural over regenerated 
luminescence, that is plotted in Fig. 3 as 
a function of preheat temperature in the 
case of IRSL (lower figure, B) as well as 
of Post - IR Blue OSL (upper figure, A). 

 

 
Figure 1. X – Ray diffraction spectrum of schist. One of the main components is quartz (SiO2). 

 
Figure 2. X – Ray diffraction spectrum of schist. One of the main components is also albite 

(Na(AlSi3O8)), a common type of feldspar. 
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As can be seen from Fig. 3A there is 
no systematic effect on the natural over 
regenerated luminescence ratio for the 
case of Post - IR Blue OSL curve shapes 
among the preheat temperatures of 140-
2200C. These results indicate a compo-
nent which is thermally very stable in 
that specific temperature region, hence 
extremely useful for dating and retro-
spective dosimetry. The respective tem-
perature region for the IRSL is between 
140 - 1800C, as can be seen from the pla-
teau. Consequently, the preheat tem-
perature should lie among the common 
plateau area of both IRSL and Post- IR 
Blue OSL, namely it will be the one of 
1800C. 
 

 
 

Figure 3. Preheat test for schist for post- IR 
Blue OSL (upper figure) and IRSL (lower fig-

ure). All measured OSL were stimulated at 
1250C following a 10 sec preheat at tempera-
tures from 1000C to 2800C. A plateau is ob-
served among the preheat temperatures of 

140- 2600C, 180- 2400C in the case of Post- IR 
Blue OSL, while the respective area for the 

IRSL is among 100- 1800C. 

 

2.4 Decay curves - Method of analysis 

Decay curves for the natural OSL sig-
nal of the schist’s sample are presented 
in Fig. 4. The left hand side figure pre-

sents the continuous wave IRSL decay 
curve, whereas the right hand side figure 
gives the respective post-IR Blue OSL 
decay curve, both measured at room 
temperature. 
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Figure 4. Decay curves of natural OSL signal 
for the schist sample. The figure on the left 

shows the continuous wave IRSL decay curve, 
while the figure on the right shows the respec-

tive post-IR Blue OSL decay curve. Both 
curves were obtained at room temperature. 

Insets show the respective curves in logarith-
mic y-scale. 

The presence of intense luminescence 
signals for both stimulation wavelengths 
is explained by the mineralogical com-
position of the sample as was indicated 
by the XRD results, since the schist sam-
ple is rich in silicon and consisted mainly 
of quartz and albite (Na(AlSi3O8)), a 
common type of feldspar. The IR stimu-
lated luminescence signal, resulting 
mostly from feldspars, is more intense 
than that resulting from post-IR Blue 
stimulation. However, both signals are 
very easy to bleach, since they decay 
very fast in the first seconds of stimula-
tion. Therefore, there is no need for a full 
component resolved study for the OSL 
signals, since in both cases the latter con-
sists mostly of one component. Instead, 
luminescence signals are analyzed using 
the raw signal integrated over the first 
second of stimulation. Fig. 4 confirms 
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also that the illumination times used in 
both cases are adequate to empty traps 
responsible for both luminescence sig-
nals. Therefore, the OSL signal measured 
at the last 5 seconds of stimulation was 
subtracted as background from the ini-
tial luminescence intensity of the ob-
tained decay curves.  

  

3. RESULTS & DISCUSSION 

3.1 Bleaching properties 

Adequate optical resetting of previ-
ously accumulated luminescence signal 
is a fundamental requirement for accu-
rate dating. The likelihood of full reset-
ting depends on many factors, but one of 
the most important is the ability of the 
mineral used, to bleach rapidly. In order 
to study the bleaching ability of schist, 
22 different aliquots were divided into 
ten separate groups of two aliquots each. 
The samples from the first group were 
measured in order to get the natural 
IRSL and post – IR Blue OSL signal. The 
remaining groups were exposed to simu-
lated sunlight in a SOL–2 solar simulator 
(Dr Hönle) over variable lengths of time. 
Ten different time exposures were ap-
plied, ranging from 5 to 500 seconds. Af-
ter each exposure, the residual signal of 
both IR and post – IR Blue stimulated 
luminescence was measured for both 
aliquots of each group.  

Results are shown in Fig. 5, where the 
residual IRSL and post – IR Blue OSL 
signals are plotted as a function of the 
exposure time. Each experimental point 
corresponds to the mean value of the 
measurements carried out for each ali-
quot. Error bars indicate 1σ deviations. 
As can be seen from Fig. 5 both lumines-
cence signals are reduced substantially, 
even after 40 seconds of exposure. The 
decay curves indicate also that IRSL sig-

nal is easier to bleach. Furthermore, after 
150 seconds of bleaching, both lumines-
cence signals have reached their mini-
mum values. According to Fig. 5, the 
OSL signal is reduced to 1% and 6% re-
spectively for Infrared and post – IR Blue 
stimulation. 
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Figure 5. Residual IRSL (circles) and post-IR 
Blue OSL (squares) signals, as a function of 

exposure time to simulated sunlight produced 
by a SOL – 2 solar simulator. The first meas-

urement point represents the natural OSL sig-
nal of the sample. Each experimental point 
corresponds to the mean value of the two 
measurements carried out in two different 

aliquots. Error bars indicate deviation of 1σ. 

 
The ability of both luminescence sig-

nals of schist to bleach very fast ensures 
the zeroing of both OSL and IRSL signals 
at its outer surface when it is exposed to 
direct sunlight for even very short time. 
For OSL dating the zero time is set when 
the material is positioned in a light 
shielded position of the building. 

Since the light penetration is limited 
to the outer surface layers the lumines-
cence intensities and therefore equiva-
lent dose values will increase as a func-
tion of the depth from the surface, reach-
ing a stable value at the depths/layers 
not influenced, at all, by the sunlight. 
This stable value will correspond to the 
natural dose. However, another impor-
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tant aspect of bleaching in nature such as 
the degree to which daylight penetrates 
the rock surface (Liritzis et al., 1997b; 
Liritzis and Galloway, 1999; Vafiadou et 
al., 2007) was not studied at all. Further 
work is required in order to define the 
bleached depth.  

 

3.2 Sensitization 

Sensitization of the TL signal is an ef-
fect commonly found in quartz. Occa-
sionally, however, it is also reported for 
feldspars (Bailiff and Barnett, 1994). The 
sensitization of the TL signal of quartz 
depends on the type of the quartz and 
mainly on its thermal and radiation his-
tory. The sensitization effect appears also 
in the case for the OSL signal. Further-
more, the stimulation light may cause 
sensitivity changes as well. So, monitor-
ing the sensitivity changes as a function 
of successive OSL measurement cycles 
(Liritzis et al., 2008b), becomes a crucial 
test especially when single aliquot pro-
tocols are to be applied. The OSL sensiti-
zation effect in schist was studied by 
performing measurements at (i) room 
temperature and (ii) at 125 0C after a 
preheat at 180 0C has been applied.  

3.2.1 Sensitivity test at room temperature 
Using the same aliquot 20 successive 

irradiation–OSL measurement cycles 
were performed. The dose used for each 
irradiation was 4.25 Gy. The lower Fig. 6 
shows the normalised OSL sensitivity in 
the case of IRSL, whereas the upper Fig. 
6 shows the corresponding post – IR 
Blue. Although no heating was applied, 
both luminescence signals were sensi-
tized. The IRSL signal, resulting from 
feldspar shows an increase of 7.2% per 
cycle, whereas for the post – IR Blue 
stimulated signal the increase is 2.25% 

per cycle. In both cases the sensitization 
yielded is linearly increased versus repe-
tition cycle. The same experiment was 
carried out in two other aliquots, using 
different test doses for each, namely 8.5 
and 17 Gy respectively. The results were 
similar, indicating a strong sensitization 
of the order of 7-9% per cycle for the 
IRSL signal and smooth sensitization of 
the order of 1.5-2.5% per cycle for the 
post – IR Blue OSL signal. The sensitiza-
tion of feldspars, prevent the use of sin-
gle aliquot measurements, unless a sen-
sitivity correction is achieved, while the 
sensitization of quartz will have a lesser 
impact in similar measurements.΄ 
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Figure 6. Normalised OSL sensitivity, for 
succesive irradiation – OSL measurement 

cycles performed at room temperature. The 
irradiation dose used for each cycle was 4.25 
Gy. The upper figure shows the normalised 
OSL sensitivity in the case of post-IR Blue 

OSL, while the lower figure shows the respec-
tive IRSL sensitivity. Error bars indicate de-
viation of 1σ. The solid lines represent the 

linear regression fitted line. 

 
A basic requirement for any single 

aliquot protocol, in order to enable reli-
able palaeodose measurements is that 
any change in the luminescence sensitiv-
ity of samples is monitored, as well as 
properly corrected for, in the course of 
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the protocol. The most established single 
aliquot protocol is the single-aliquot re-
generative dose (SAR) protocol (Murray 
and Wintle, 2000), which compensates 
for any sensitivity changes, occurring as 
a result of regeneration of the OSL sig-
nal, by using a test dose to measure the 
OSL sensitivity appropriate to the regen-
erated signals; this is then used for sensi-
tivity changes (Murray and Mejdahl, 
1999).  

In order to check, whether this par-
ticular sensitivity correcting methodol-
ogy is applicable to schist, the preceding 
20 successive measurements were di-
vided into two groups. The first group 
includes the signal that was obtained 
from the even measurements (2, 4, 6, etc) 
and was considered as the test dose sig-
nal (Ti), whereas the second group in-
cludes the signal from the odd meas-
urements (1, 3, 5, etc) corresponded to 
the main dose measurements (Li ). Since 
sensitivity is linearly enhanced with suc-
cessive cycles, for both luminescence 
signals (according to Fig. 6), it is ex-
pected that the ratio Ri=Li/Ti provides the 
corrected signal as far as its sensitivity is 
concerned. In the present experiment the 
test dose is equal to the main dose and as 
a result, the ratio Ri of the corrected sig-
nal is expected to be approximately 
equal to 1. Results indicated ratio values 
close to unity for both signals, namely 
R4.25 = 1.026 ± 0.052 in the case of IRSL 
and 0.975 ± 0.065 for the post – IR Blue 
OSL. This leads to the conclusion that a 
test dose can be used to correct the sensi-
tization occurring in schist’s signal, and 
the single aliquot protocol can be used 
accordingly for OSL measurements at 
room temperature. 

However, before the latter conclusion 
can be undoubtedly claimed, a lack of 
dose dependence must be shown (Wintle 

and Murray, 2006). This is experimen-
tally verified by performing measure-
ments on 2 different aliquots as follow-
ing; each aliquot was subjected to 10 
successive irradiation – RT OSL meas-
urement (Li) cycles, using the main doses 
of 8.5 and 17 Gy respectively. In both 
cases, after each cycle, a test dose irradia-
tion – RT OSL measurement (Ti) cycle 
was subjected, using the fixed test dose 
of 4.25 Gy. Twice again, for both lumi-
nescence signals, the mean ratio Ri=Li/Ti 
provides the corrected signal as was ex-
pected, namely R8.5 = 2.074 ± 0.072 and 
R17 = 4.34 ± 0.25 in the case of IRSL, while 
for the post – IR Blue OSL signal R8.5 = 
1.975 ± 0.095 and R17 = 3.8 ± 0.175.  

3.2.2 Sensitivity test at 125 oC 
In order to monitor the sensitivity 

changes of schist’s OSL signal, when the 
latter is measured at the temperature of 
125 0C, 3 different aliquots were used. 
Each one was subjected to 9 successive 
irradiation – preheating – OSL meas-
urement cycles. Three different doses 
were used for the irradiations of each 
aliquot, namely 4.25, 8.5 and 17 Gy. Each 
aliquot was preheated for 10 s at 1800 C 
prior to each OSL measurement. Fig. 7 
presents the normalised OSL sensitivity 
in the case of IRSL (lower figure) as well 
as of Post- IR Blue OSL signal, (upper 
figure), in the case of an administered 
dose of 17 Gy. As can be seen from Fig. 
7, the normalised sensitivity of both lu-
minescence signals does not seem to 
vary significantly between the successive 
irradiation – preheating – OSL meas-
urement cycles. This is also the case for 
the other two test doses, all yielding 
similar results. 
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Figure 7. Normalised OSL sensitivity for IRSL 

signal (lower figure) as well as the post-IR 
Blue OSL signal (upper figure) and the IRSL 
signal (lower figure) measured at 125 oC after 

a 10 s preheat at 180 oC, for succesive 
irradiation – OSL measurement cycles. The 

irradiation dose used for each cycle was 17 Gy. 
Error bars indicate deviation of 1σ. 

 

3.3 Dose response 

The dose response is defined as the 
functional dependence of the intensity of 
the measured luminescence signal upon 
the absorbed dose (McKeever et al, 
1995). The ideal dosimetric material 
should have a linear dose response over 
a wide range of doses. However, do-
simeters used in practical dosimetry, 
such as quartz, exhibit a variety of non 
linear effects. 

For the determination of the dose re-
sponse curves of schist, only bleached 
aliquots were used. The OSL dose re-
sponse curves were obtained using both 
the multiple aliquot and the single ali-
quot approach. In the first case one sam-
ple is irradiated successively with in-
creasing doses, whereas for the multiple 
aliquot procedures a different aliquot is 
used for each cycle of irradiation- meas-
urement. In both cases the irradiation 

doses that were used covered the range 
of 0.25 to 75 Gy. 

3.3.1. Dose response in multiple aliquots 
The multiple aliquot dose response of 

schist was carried out at room tempera-
ture, as well as, at 1250C using a pre-heat 
at 1800C for 10 seconds. The results are 
shown in Fig. 8. Solid lines represent the 
egression lines obtained according to 
equation ln(OSL) =ln(A)+B·ln(D), with B 
giving the degree of sublinearity for each 
case.  

Fig. 8A shows the dose response 
curves of the post – IR Blue OSL meas-
ured at room temperature, where one 
can see that the linearity is restricted to a 
dose range between 2.5 and 25 Gy. On 
the other hand when the measurements 
were performed at 1250C, Fig. 8B, some 
degree of sublinearity is observed. 

Figures 8(C, D) show the dose re-
sponse curves of IRSL signals obtained 
at room temperature and at 125 0C re-
spectively. In both cases a very good lin-
ear dose response is observed over the 
entire dose region studied. 

3.3.2. Dose response in single aliquot 
As it was shown in sections 3.2.1 and 

3.2.2, both IR and post – IR Blue OSL 
signals, are stable under successive irra-
diation–preheat–measurement cycles of 
the same aliquot. Based on this stability 
the OSL dose response study was ap-
plied to a single aliquot for the case of 
OSL measurements at 1250C. The results 
are shown in Fig. 9, where can be seen 
that the OSL dose response curves re-
sulting for both stimulation sources are 
linear over the entire dose region under 
investigation.
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Figure 8. Dose response curves for the post-IR Blue OSL signal measured at room temperature (A), 
the post- IR BSL signal measured at 125 0C after a 10 s preheat at 180 oC (B), the IRSL signal meas-
ured at room temperature (C), and the IRSL signal measured at 125 0C after a 10 s preheat at 180 oC 
(D) for a dose range of 0.25–75 Gy. Solid lines represent the regression line derived from the equa-

tion Y=A·DB. B values (linearity coefficients) have been calculated for the linear region of each dose 
response curve. 
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Figure 9. Single aliquot dose response curves for schist for post-IR Blue OSL (upper figure) and 

IRSL (lower figure). All measurements were performed at 125 0C, after a 10 s preheat at 180 oC. Solid 
lines represent the regression line derived from the equation Y=A·DB. B values have been calculated 
for the linear region of each dose response curve and are presented for each figure independently. 
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 3.4. Dose recovery with double SAR 
protocol 

A fundamental test of any dating pro-
tocol is whether the value of a previously 
delivered known laboratory dose can be 
accurately and precisely determined (Rob-
erts & Wintle, 2003). In order to perform a 
dose recovery test according to Murray 
and Wintle (2003), 25 aliquots were di-
vided into five separate groups of five ali-
quots each. The natural signal of the sam-
ples was initially bleached by a 4 hour ex-
posure to simulated daylight in a SOL2 
solar simulator. The samples were then 
stored at room temperature for a time pe-
riod of 10 Ks. An initial OSL measurement 
for 300 s was used to verify the effective 
removal of the natural signal and bleach 
any additional dose accumulated during 
the storage time. Then, samples of each 
group were given the same laboratory β 
dose. 5 different doses were delivered, one 
for each group, selected to be in the linear 
region of the dose response, i.e. in the 
range between 10 and 75 Gy. The double 
SAR protocol was then applied. The dose 
delivered was treated as an unknown, and 
was estimated by the SAR analysis proto-
col for both luminescence signals (IRSL 
and post – IR Blue OSL), with a preheat at 
180oC for 10 sec and a test dose of 15 Gy 
(apart from the measurement where the 
administered dose was 10 Gy, where the 
test dose was 5.5 Gy) 

Figs 10 and 11 present the data 
obtained from dose recovery experiments 
for the post – IR Blue OSL and the IRSL 
signals respectively, after the application 
of the double SAR protocol. Measured 
(recovered) dose (figures A), recycle ratio 
(figures B) and recuperation values 
(figures C) are plotted as a function of the 
delivered dose. Recuperation is expressed 
as a percentage of the initial signal 

measured. Open circles represent the val-
ues of each measurement, while filled 
squares stand for the mean values of each 
group. Error bars indicate 1σ deviation. 
Solid lines in the case of figures A indicate 
the ideal situation, where the delivered 
and recovered doses are equal (Y=X line). 
In the ideal case, all measured doses, 
namely all experimental points should lie 
across this line, for both luminescence sig-
nals. Solid lines in both B figures indicate 
the (ideal) value 1 for the recycle ratio. 

As can be seen from Fig. 10A the 
(double) SAR protocol can be used 
succesfully in order to recover the dose 
delivered to schist using the post-IR Blue 
OSL signal. All experimental values for 
the measured doses lie very close to the 
actually deliverd doses. The suitability of 
the protocol is also strongly supported 
by the values of the recycle ratios, which 
lie mainly in the range of 0.85 – 1.15, 
their mean values, which are very close 
to unity, as well as the recuperation 
values, which are less than 10%. 

However, this is the case only for the 
post-IR Blue OSL signal, for the entire 
dose recovery region studied. IRSL 
measurements overestimated slightly 
(1.3%) the lowest delivered dose (10 Gy), 
while the IRSL SAR protocol provides an 
increasingly underestimation of the de-
livered dose as the latter increases, 
reaching an underestimation value of 
34% for the highest delivered dose of 75 
Gy. Fig. 11A indicates that the 
application of the (double) SAR protocol 
in order to recover the dose delivered to 
schist using the IRSL signal does not 
provide reliable estimates of the 
delivered dose. This is also supported by 
the extremely high values of the recycle 
ratios, despite the fact that values of 
recuperation would yield the exact 
opposite.
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Figure 10. Measured (recovered) dose (A), recycle ratio (B) and recuperation values (C) for post-IR 
Blue OSL signal as a function of the administered dose. Recuperation is expressed as a percentage 

of the initial signal measured. Open circles represent individually measured values of each 
quantity, while filled squares the respective mean value. Error bars indicate 1σ deviation. Solid 

lines in figures A and B indicate the ideal situation. 
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Figure 11. Measured (recovered) dose (A), recycle ratio (B) and recuperation values (C) for IRSL as a 
function of the administered dose. Recuperation is expressed as a percentage of the initial signal 

measured. Open circles represent individually measured values of each quantity, while filled 
squares the respective mean value. Error bars indicate 1σ deviation. Solid lines in figures A and B 

indicate the ideal situation. 
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4. CONCLUSIONS 
The wide spread use of Schist in 

many historical monuments in ancient 
Greece and many other parts of the 
world, in combination with its chemical 
composition, constitute two powerful 
motivations for further investigation of 
this material for luminescent dosimetry 
purposes. Schist appears to have a 
number of interesting OSL properties, 
such as the ability of both IRSL and post-
IR blue OSL signals to bleach rapidly 
when the sample is exposed to sunlight. 
Furthermore, both signals are fairly 
stable. However, certain properties such 
as dose response and the ability to 
recover successfully a previously 
delivered dose depend strongly on the 
type of the luminescence signal studied, 
as well as the stimulation/measurement 
mode. In particular, the dose response 
was found to be linear for radiation 

doses at least up to 75 Gy for the IRSL 
signal and at least up to 25 Gy in the case 
of post-IR Blue OSL. The use of a single 
aliquot measurement protocol, due to 
the lack of sensitisation, extends the dose 
response linearity region up to 75 Gy for 
the latter. Dose recovery data suggest 
that the post-IR Blue OSL signal pro-
vides the more reliable value of De, indi-
cating the suitability of the specified 
post- IR Blue OSL (double) SAR proce-
dure to recover successfully the dose 
delivered to schist. These properties of 
the schist suggest that it can be a promis-
ing candidate for archaeological dating 
and retrospective dosimetry applica-
tions, at least in the dose ranges between 
0.5 and 25 Gy while using post-IR Blue 
OSL and up to 75 Gy in the case of IRSL. 
Further work is required in order to 
study the solar penetration in several 
schist samples. 
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