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Abstract

Recent mineralogical studies on archaeologicaleppttamples report significant variations in alkali
metal concentrations due to environmental altematiduring burial. Here we examine the effects of
potassium (K) leaching on luminescence dating. gffext on the estimation of the dose rate is studie
by considering four models of leaching (exponentiakar, early and late) and their impact on fine-
and coarse-grain dating are calculated. The magleliproaches are applied to two cases of pottery in
which evidence for alteration was found. AdditidpallL dating performed on pottery of one of the

studied cases, indicates the importance of leadfiiegts on absolute dating measurements.
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1. Introduction
Both Iuminescence techniques, namely Thermolumérese (TL) and Optically Stimulated
Luminescence (OSL) are well established absolutegléechniques, the accuracy of which has been

tested in several cases, either by archaeologiitatia (Martini and Sibila, 2001) or by comparison

“Corresponding author. Tel. +30 2106503316; Fax 2816519430
E-mail addresszacharias@ims.demokritos.@M.V. Zacharias)




studies using other indepented dating methods @yuand Roberts, 1997; Roussesual, 2002).
However the attainable accuracy on dose rate anskegoiently age determination remains an issue on
which considerable amount of research is on the aslloway, 2001). Successful dose rate
determination requires the precise estimation afyrfactors and knowledge of possible effects, such
as sample inhomogeneity and radioactive seculagdibrium. Moreover, the dose rate value of
archaeological ceramics can be also affected bgggsin U, Th and K concentration undergone by

pottery since its fabrication.

In that respect, for U and K there exist in thehasometric literature several cases in which such
processes have been proposed, to explain the emmithof U because of the proximity to an ore
deposit (Asar@t al 1975), and the enrichment of K either by beingdzlin wood ashes (Dufournier,
1979) or by the use of modern fertilizers (Readhetadl 1988). However, the small changes these
processes induce and/or the exceptional enviroraheanditions they need generally enable the usual
application of TL or OSL dating in normal circumstas. A more widespread phenomenon affecting
TL/OSL dating has been described by Hedges and Nésl€1976) and is linked to the cation
exchange capacity (c.e.c.) of clays in pottery.sEhauthors have demonstrated that, although it is
clear that c.e.c. decreases due to clay decomposit firing temperature increases, clay minerals i
pottery keep an important c.e.c. even at firingderatures up to 1000°C. The extent at which this
process can affect several trace elements (likis ggnerally fixed up to a maximum of around 10%
of the original value, provided the concurrences@fne special burial conditions, but such variations
are much more difficult to take place for major andhor elements like K. Therefore, due to the
relatively small changes induced by the c.e.c.lafxis also possible that this process could not

seriously affect luminescence dating, even for fioed pottery.

Furthermore, a completely different process has bdentified as responsible for inducing severe
changes in several alkali metals, mainly enrichm@&nsodium and, of interest here, leaching of
potassium. This was first identified by Picon (1pA6ho demonstrated that this effect was

predominant in high-fired or over-fired (> 108) pottery of calcareous nature (i.e. CaO >5-6%). |



this study, the alteration of the extensive glgasgse, which is formed at these temperatures and ca
be rich in potassium, together with the crystatima of zeolites, was proposed as an explanation.
During the 1980s several studies detected the sdtemtion process, and in the mid 1990s the
crystallization of analcime, a sodic zeolite, mpsbbably favored by the existence of free silica

material in the altered glassy phase, was effdgtietermined (Buxeda, 1999 and references therein)
Since then, the number of studies where this psobas been observed has significantly increased
(see especially Buxedst al 2001; Buxedat al 2002 with references therein), and the relatignsh

with the calcareous nature of clay paste and thle-fifed/over-fired state has been fully establishe

Even if the implications of this process in provere and technology have been already studied
(Buxeda, 1999; Mommsen, 2001), the two latter fiagtdhe severe potassium leaching and the
widespread occurrence, may have also serious iatjgits on luminescence dating of ancient pottery,
introducing an additional source of inaccuracy. Theoncentrations measured for luminescence
dating may be lower from the original values, age aan then be overestimated. Considering two
different case studies of Aegean Bronze Age potteeyeffect of this leaching on absolute dating is
being approached in this paper. For each case,stligyations have been detected after applying a
combination of mineralogical and chemical analysegottery having the same provenance, and
therefore with similar chemical compositions. Thier@d ceramics were identified by differences in
concentration in alkali metals, compared to othezmers of the group, together with the
identification of analcime by X-ray diffraction dgsais (XRD). The effect of the observed alterations
on the dose rate was then studied for four diffiereadels of leaching. Finally, fine grain TL dating
results on three ceramic fragments belonging tofitts¢ case study are presented. One of these

ceramics did not show alterations while the restunadergone severe K leaching.

2. Two cases of archaeological Bronze Age pottery

Here we use two case studies for which alteratimv® been reported to exemplify the effect on the

estimation of dose rate and the error in dating®ting to distinct ‘leaching rates’. The first case



deals with pottery recovered at the kiln site wheweas fired, while the second case examines potte
with a common origin, but recovered from varioushaeological sites, to which it was probably

imported.

2.1. The Kommos pottery

Kommos, located in South-Central Crete, is considl@rchaeologically as an important Minoan site,
which was the harbor town of the palatial centePlistos. Within the Stoa of one of the buildiags
ceramic kiln, still containing pottery from its tafiring, was excavated (Shaet al, 2001). A large
amount of pottery, of about 26,000 fragments, wamfl in and around the kiln, which represents
wastes from its operation. Among the pottery, whgchighly repetitive in fabric and form, there wer
more than 300 wasters distributed throughout thgosie along with many over-fired and deformed
vessels. This constitutes archaeological evidenaethe finds were products of the same workshop,

which operated during the Late Minoan IA period.

A full archaeometric characterization of 57 samplesiing from the kiln structure and the kiln dump
has been performed in order to confirm the archygcdd / stylistic hypothesis, and the results have
been published in detail (Shaat al 2001; Buxedat al. 2001). The samples were characterized by a
combination of techniques, which provide information the chemical composition (neutron
activation analysis -NAA, X-ray fluorescence anaysKRF), mineralogy (X-ray diffraction -XRD,
petrographic examination -PE), and microstructwsearning electron microscopy -SEM) of the
ceramic body. Petrographic and chemical analysisaled, as it is normal for a kiln site, that thevr
materials used in the production of all the cerantiame from the same source (Shetval 2001,
Buxedaet al 2001). In the same study it was however, showat tertain samples exhibited
remarkable deviations form the average values kaliainetals concentrations. (Table 1). More
specifically, values of K and Rb, were significgntbwer in high-fired and over-fired (over 1000-
1050°C) samples (Table 1, Group B), while Na valuese higher, than in the case of low-fired and

medium-fired pottery (Table 1, Group A). This pher@mon was proved to be the result of leaching of



K and Rb from the glassy phase with subsequentlement of Na due to the crystallization of

analcime.

In order to confirm the potassium leaching from d¢iheessy phase, one fragment from KOM26 (Table
1, Group A) was fired at 1050°C in oxidizing atmsge for 1 h, using a rate of 100°C, o ensure
formation of an extensive network of glass in iisnocrostructure. A polished section of this wasnth
examined under an SEM-EDAX and the potassium coritetine glassy phasevas found to be 10%
higher than the average value of Group A. The saexaenination was then performed on the over-
fired individuals KOM27 and KOM37 (Table 1, Group.Bt was found that the K content in the
glassy phas&vas at the 50% level of the global value, indimgtihat this is the source of the leaching

that took place during burial.

2.2. The MB — MBKR pottery groups

In the second case study pottery belonging to thén meference group of Mycenaean decorated
production was used. This group (MB) contains pgtming either from Mycenae itself or from
other sites, which imported pottery from Mycenad has been formed over the years after systematic
analysis, by NAA, of hundreds of samples (Mommeegnal., 1988; Mommsen and Maran, 2000-
2001; Mommsen, 2001). In addition, a smaller groajfed MBKR, which contains ceramics of the
same style and fabric as that of MB, has been ifilthttMommsenet al 1996). Its composition is
similar to that of the MB group, but with signifitiadifferences in some alkali metal concentrations,
although from the stylistic point of view both gpsushould be of the same origin and therefore have

the same chemical profile.

To further explore these chemical differences ikalalmetal concentrations (Table 2), chemical
analysis was followed by an XRD study (Buxestaal 2002) in order to examine the mineralogy.
Nine samples belonging to the MB pattern and elé¢e¢he MBKR pattern were analyzed. The results

revealed that while samples belonging to the MBepatwere low-fired or medium-fired, the ones



belonging to the MBKR pattern were always highdi@ over-fired (over 1000-1050°C). Moreover,

those samples belonging to the latter pattern gcorgaalcime as it was the case in the previous
example of Kommos pottery. In fact, both Mycenageoups correspond to the same production, and
therefore, to the same provenance, but samplelseirfMBKR group have undergone the alteration

process, which resulted to significant deviatiomliali concentrations.

3. The K contribution in dose rate estimation

Once it has been established that the presentefifes of K content are not the original ones, but
induced by an alteration process during burial motdbefore or during firing, it becomes necessary t

quantify the impact that such different concentragimay have in the dose rate estimation.

As it is known the age equation given for lumine®ee dating is AGE=BPDR, in which the

equivalent or archaeological doseg(Delates to the intensity of the luminescence aigneasured

today, converted to radiation dose units (Gy), @ltle total dose rate term (DR) provides the rate o

the radiation dose (Gy Kx The latter can be expressed as follows

DR D,+Dy+D,+Deos 1)

Where e and $ correspond to the radiation emitted by the radiva®lements of U, THX and, in
very small amounts, by Rb dominant in the ceramadrix (internal contributions),y-to radiation

emitted from U, Th and’K of the surrounding soil (external contributiomnd cosmic radiation

(Dcog-

The two main methodologies for luminescence datirgfine-grain (polymineral grain fraction 2-8
um) and coarse-grain (single mineral grain fractioh90-250um) techniques. In the equation below,
a more detailed formula of the parameters calcdlat¢he dose rate is given for these two techrique

For coarse-grain dating, tledose is usually omitted by etching sufficientlg train surface that has



receiveda-dose from the ceramic matrix and {helose is corrected for attenuation effects (Mejdahl

1979).

DR = (aQyu,mh/(1+1.5WF)) + (Ru.thkro) /(1+1.25WF)) + (D k) /(1+1.14WF)) + Deos (2)

The correction factors of W and F in equation 2red the porosity of the sample (M that of the
soil) and to the fractional uptake of water avedageer the burial period and a-value is a corractio
for the effectiveness of the alpha particles. Toenic and gamma dose contribution (equation 1) is
usually referred as the environmental dose,fDFor the calculation of [2,tny and DByutnkrb)
measured in the ceramic body, the latest convefaitinrs introduced by Adamiec and Aitken (1998),

are used.

To produce a quantitative estimation of K concditnain DR and the consequent age calculation, the
mean concentration values of U, Th and K for the base studies (Table 1 and 2) were used. In the
same calculations two extreme environmental doses rlom our data bank were taken. The Rb
contribution was not included in the calculatiorecduse of its insignificant contribution to the DR
value (less than 1%). K makes a significant contidn even with the many assumptions about the
environmental dose, a-value, W and F values (T8hleThe difference in the DR values for both
initial and deviating mean K concentrations is gisesented, as percentage (in parenthesis). For the
latter we underline the large deviation of the ghkdted values in the range of ca. 15-35%. These
observations confirm the contribution of the eféeaf alteration to the correct estimation of
luminescence ages and highlight the need for eegroe that can indicate alterations in the santples

be dated.

4. Possible errors on DR estimation for KOMMOS andMB-MBKR altered pottery

The previously calculated differences induced byinKdose rate calculation raise the important

guestion that when and in which way does this difiee, induced by burial alteration, appears. It is



rather obvious that if they were produced in thst filays of the burial period they would have had n
consequences whatsoever for dating purposes, thiaaalculated dose rate would be the right one for
the period of time involved. On the contrary, if ae@n imagine that all this K was leached just befor
the sherds were excavated, it is then clear tleataéiculated K-dose rate would have no relatiom wit

the internal contribution during the burial period.

These two extreme models will be approached hetadgarly model, in which it is assumed that the
leaching effect occurred during the very early geair burial, and by the late model, in which it is
assumed that this effect took place during theyates. Moreover, two other different models for K
leaching (exponential and linear) are considemnedyrider to approximate intermediate possibilities.
To study these four different models (Figure 1)asémated average K concentration values and the
resulting K-dose and DR values, for the archaeoldgieriods of 3.6 and 3.2 ka for the Kommos and

MB-MBKR pottery, respectively.

In the exponential model, the K concentration (€Caagiven time (t) (¢ is related to the initial
concentration (g) according to equation 3. By inserting boundarypesa (e.g. =3 % and ¢=1.3 %

for the present time T, referring to the MB-MBKRtoy), the value of constaht(in equation 4) is

estimated.
Ci= Ce™ 3)
X:Inco—lnct @)

In contrast, in the linear model (equation 5) arging the same boundary values for the K

concentrations as above, thealue is estimated from equation 6

Ci= Go-it ®)
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By using the resulting values, the average concentration valugsf@r a time period (e.g. T=3.2 ka
for the MB-MBKR case study) are calculated from &tipn 7, for exponential and linear leaching

alternatively.
1,
Cave= ¢ foCydt (")

The calculated deviations of the DR values (Tabldat the proposed approaches of leaching were
estimated by comparison with the results obtaimeh fthe early leaching model. This does not imply
that early leaching is more possible, but only thahis model the calculated K-dose rate is edqual

the dose measured today without the assumptiogamhing while performing luminescence dating.
Obviously, leaching during later stages of burgalthie worst scenario for performing luminescence
dating on altered ceramics since the K-dose rdima®d today is calculated without considering any

effect of leaching and therefore will result in gt age deviation.

In coarse-grain dating, internal K-dose makes atgrentribution to the DR value (Table 3) -ca. 20%
more than in fine-grain dating-which leads the Bigant deviation of the values in Table 4. Althdug
we assumed the same values for environmental degalue, porosity and saturation effects for the
calculation of the DR values, resulting values ttliffer greatly clearly indicate the significancé o

alteration and contamination effects, especiallyases where high precision dating is required.

5. TL dating

To present we have demonstrated the existence aftamation process that can seriously affect the
dose rate estimation. However, the potential sofmcduminescence dating really depends on the

actual model of leaching process undergone by motiering burial. By considering that only
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luminescence ages could assess the degree of atmplicof leaching effects to absolute dating, three
ceramic fragments were selected from the Kommodepotin order to perform TL dating
measurements. Kommos case study was chosen faxrisise since all vessels manufactured in this
kiln should be considered as contemporary andl@sause of the same environmental radiation dose
these sherds were most probably suffered. Therefesalting deviation in dating between altered and

unaltered sherds must be due to the error indugeidebdose rate estimated.

To perform this experiment, three samples werecgsde on the one hand KOM26 from the unaltered
sherds (Table 1, Group A), and on the other hanBRDand KOM37 from the altered ones (Table 1,
Group B). These samples were the only ones that \&eailable having an adequate size for the
performance of complete TL age estimation. Theeratimited size of the fragments and their
microscopically examination which showed very lowuadance of inclusions restricted the

application of only fine grain TL dating protocols.

For the sample preparation angd &timation thdoil techniqueprocedure was followed (Michaet

al., 1997). Grains in the range of 2+ were obtained by gently crushing the fragmeniisgua vice
and applying the settlement technique. Totally @5abquots were prepared from every ceramic
fragment. The TL glow curves were recorded withvastional Littlemore, 711 TL equipment and an
EMI 9635A photomultiplier with a Corning 7-59 bldigter. The heating rate was PC.s* and the

irradiations were administered witH%r f-source (2.80.1 Gy.min').

Using thefoil technique a second glow normalization with the same lalooyatiose is made after the
first glow measurement of every aliquot. Thg \@lues (Figure 2) are resulted from growth curves

where each point in the growth provides the ratithe TL intensity of the first to the second gléaw
the same point in the temperature range. Usuallglitfpots are used for estimation of the normalized

natural TL intensities g and for the natural TL + additive dose pointg (o form a growth curve.
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The DR calculations were based on the assumptensdcular disequilibrium in the U and Th series
is not a possibility since the clay deposits in tleghborhood area are ascribed to the Miocene

geological period (10-15 Ma BP).

In Table 5 the results on the estimation of anayerK concentration value for samples KOM27 and
KOM37 and also calculated dose rate values, basezfjoation 2, are showed. First, by considering
that sample KOM26 did not exhibit leaching effeatsd that all samples were ascribed at a well
established archaeological age, the determinafitimcaenvironmental dose ratepis resulted (Table
5.a). This value was then subsequently used foestimation of average K and new dose rate values
(DR") for samples KOM27 and KOM37 (Table 5.b). dincbe easily seen that the calculated average
and measured K values deviate in the range of 2B% and their resulting different DR values points
to an additional TL age error of 9% and 11% for glenKOM27 and KOM37, respectively. These
results give clear evidence that in the preserdg eady model should not be considered and, thexrefo

any TL dating on altered sherd from Kommos woukliliein an overestimation of age.

6. Conclusions

Calcareous archaeological pottery can be subjeotedemical and mineralogical alterations in cases
of high-firing or over-firing resulting to a sigiitint K leaching. For the cases studied here, legch
yielded ca. 50% of the original K value, while t@ncentrations of the radioactive elements U and Th
remained stable, usually within experimental erroBecause of these observations, and the
widespread occurrence of this alteration procdss, additional use of mineralogical analysis is
strongly recommended when luminescence dating is attempted on sheatsstiow signs of over-

firing.

In general, when the effects of leaching occurrdyxiery early burial then luminescence dating is no
affected. On the contrary, if leaching takes pldadng later periods of burial, shifted luminesagnc

dating results are expected.
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Even if more work is needed in order to understiredexact model followed for potassium leaching
during this alteration process, the Kommos casdyshas enable the application of fine-grain TL
dating. In this experiment it has been demonstratedl for Kommos the early model cannot be
sustained, and in such circumstances any TL datmgd have resulted to an age overestimation of

ca. 10%.
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GROUP A Na (%) K (%) Rb (ppm) Th (ppm) U (ppm)
Komi5 0.71 (0.004) 2.03 (0.05) 78.3 (2.50) 9.40.%D. 1.93 (0.06)
Kom16 0.55 (0.005) 1.99 (0.04) 137.3 (3.85) 9.499) 2.65 (0.08)
Kom25 0.74 (0.004) 1.91 (0.04) 86.7 (2.88) 9.80.10. 2.69 (0.07)
Kom26 0.60 (0.004) 2.37 (0.07) 141.9 (3.40) 9.29@p 1.86 (0.06)
Kom31 0.74 (0.004) 2.06 (0.04) 133.4 (3.23) 9.95@D 1.68 (0.06)
Kom35 0.37 (0.003) 2.23(0.07) 99.2 (2.44) 9.989D. 1.77 (0.08)
Kom40 0.73 (0.006) 1.65 (0.04) 84.9 (2.34) 10.30%D 3.27 (0.09)
Kom57 0.45 (0.006) 1.78 (0.04) 102.2 (2.96) 9.989D 2.70 (0.11)
mean (M) 0.61 2.0 107.8 9.77 2.32
std. deviation 0.14 0.23 25.8 0.34 0.58
in % 23. 11.5 23.9 3.48 25
GROUP B Na (%) K (%) Rb (ppm) Th (ppm) U (ppm)
Kom27 0.86 (0.05) 0.99 (0.04) 62.29 (1.88) 7.839D. 3.12 (0.12)
Kom37 1.16 (0.05) 0.80 (0.03) 39.78 (1.07) 8.8QQD. 3.18 (0.11)
Kom46 0.97 (0.04) 1.25 (0.04) 85.26 (2.03) 8.13.3D. 1.58 (0.09)
Kom49 1.11 (0.04) 0.86 (0.03) 52.45 (2.01) 8.809D. 1.86 (0.08)
mean (M) 1.03 0.98 59.94 8.4 2.44
std. deviation 0.18 0.17 16.7 0.43 0.72
in % 17. 17.3 27.9 5.1 29.6

Table 1. NAA and XRF results of the two groups mrged from the deviations in alkali metal values
(Na, K, Rb) at Kommos, Crete: elemental concemrati experimental errors (in paranthesis), mean
(M) and standard deviation also as percentage dftvand U are presented for both groups since they

are involved in the dose rate estimation.



MB group Na (%) K (%) Rb (ppm) Th (ppm) U (ppm)
Tiry 28 0.39 (0.004) 3.24 (0.04) 158. (3.16) 1m708) 2.17 (0.07)
Tiry 29 0.59 (0.005) 2.90 (0.04) 141. (2.97) 1m®7) 2.25 (0.07)
Tiry 30 0.31 (0.004) 3.47 (0.04) 146. (3.03) 1@DY) 2.18 (0.07)
Tiry 39 0.52 (0.005) 3.03 (0.05) 159. (3.20) 1mD8B) 2.30 (0.08)
Kirr 86 0.87 (0.004) 2.57 (0.02) 140. (2.05) 1®3D6) 5.37 (0.02)
Kirr 87 0.81 (0.003) 2.72 (0.02) 155. (2.15) 11006) 2.68 (0.10)
Kirr 88 0.70 (0.003) 2.88 (0.02) 163. (2.20) 110806) 2.70(0.10)
Kirr 89 0.57 (0.003) 2.92 (0.02) 173. (2.31) 110906) 2.90 (0.10)
Kirr 90 0.85 (0.004) 2.89 (0.02) 152. (2.14) 110206) 3.47 (0.11)
mean (M) 0.62 3.0 154, 11. 2.9 (2.59)
std. deviation 0.20 0.27 11. 0.53 1.0 (0.45)
in % 32. 9. 6.9 4.9 35 (16.8)
MBKR group Na (%) K (%) Rb (ppm) Th (ppm) U (ppm)
Berb 27 0.94 (0.014) 1.20 (0.04) 96.2 (2.59) 10.08) 2.13(0.03)
Berb 49 1.19 (0.003) 1.61 (0.01) 144. (2.58) 10.07) 2.44 (0.02)
Berb 51 1.16 (0.003) 1.20 (0.01) 118. (2.32) 10.9Y) 2.12 (0.02)
Kats 73 1.30 (0.006) 1.22 (0.02) 73.7 (1.75) 10.9§) 2.51 (0.05)
Kirr 83 1.30 (0.003) 1.43 (0.02) 86.9 (2.35) 11006) 2.53 (0.05)
Kirr 84 1.15 (0.004) 1.52 (0.02) 89.1 (2.30) 110406) 2.58 (0.05)
Kirr 85 1.35 (0.003) 1.54 (0.02) 92.7 (2.81) 1097) 3.46 (0.04)
Qant 15 1.47 (0.008) 0.87 (0.03) 49.3 (1.63) 10.08) 2.26 (0.06)
Qant 23 1.42 (0.010) 1.14 (0.03) 54.3 (1.70) 10.06) 2.40 (0.06)
Qant 28 1.54 (0.010) 1.26 (0.04) 71.9 (1.84) 10.64) 2.40 (0.06)
Qant 50 1.49 (0.010) 1.09 (0.04) 42.1 (1.70) 10.049) 2.50 (0.07)
mean (M) 1.3 1.3 84. 11.1 2.46
std. deviation 0.17 0.22 29. 0.51 0.35
in % 13. 17. 34, 2.6 16
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Table 2. NAA results of the MB and MBKR pottery gps identified at the sites of Berbati, Tiryns,
Katsingri in the Argolid (Greece), Kirra near DelpfGreece) and Qantir (Egypt): elemental
concentrations, experimental errors (in parenthesiean (M) and standard deviation, also as
percentage of M. In parenthesis mean, standaraiti@viand its percentage of M for U, in MB group,
excluding the abnormal Kirr86 concentration. Th &hdre presented for both groups since they are

involved in the dose rate estimation.



KOMMOS
pottery

MB-MBKR
pottery

Table 3. K contribution of the ceramic body as a&estage of the total dose rate (DR). The conceotrsiused were U 2.36 ppm and Th 9.31ppm for the

Kommos pottery (Table 1), and U 2.5 ppm and Th grh fior the MB and MBKR pottery (Table 2). K-dos¢éess DR values and K contribution to the DR were

K-dose rate Deny DR K contribution
Technique (Gy ka™) (Gy ka™) (Gy ka®) (%)
(2%K — 0.98%K) (2%K — 0.98%K) (2%K — 0.98%K)
_ . 0.5 3.76 — 3.07 18%) 36 - 22
Fine Grain 1.35-0.66 1.0 4.26 - 3.57 16%) 32-19
) 0.5 2.18 — 1.55 29%) 56 - 38
Coarse Grain 1.22-0.59 1.0 2.68 - 2.05 24%) 46 - 29
K-dose rate Deny DR K contribution
Technique (Gy ka™) (Gy ka™) (Gy ka™) (%)
(3%K - 1.3%K) (3%K - 1.3%K) (3%K - 1.3%K)
_ . 0.5 4.68 - 3.53 25%) 43 - 25
Fine Grain 2.03-0.88 1.0 5.18 - 4.03 22%) 39 _ 22
) 0.5 2.84 - 1.81 6%) 64 - 44
Coarse Grain 1.83-0.79 1.0 3.34 - 2.31 31%) 55 - 34
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estimated for the unaltered and altered mean Kergrations. Also the deviation from the unalterd®i ilues is given in parentheses. The a-value ssmzed

as 0.15, W and F values were taken as 0.25 armeé§pgctively. The coarse grain approach was basedartz grains that ranged between 90+Ir20The two

extreme values of 0.5 Gy kand 1.0 Gy ka for the environmental dose were recorded with raajpte Nal scintillator at various archaeologid&sin Greece

over the last 15 years. Values in percentage veeneded.
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KOMMOS Early model Exponential Linear Late model
K average 0.98% 1.43% 1.49% 2.%

F.G. 0.66 Gy ka 0.97 Gy k& 1.01 Gy k& 1.35 Gy k&
K-dose rate

C.G. 0.59 Gy k& 0.87 Gy k& 0.91 Gy k& 1.22 Gy k&

F.G. 3.27 Gy k& 3.58 Gy kd 3.62 Gy k& 3.96 Gy kd
DR

C.G. 1.75 Gy k& 2.03 Gy kd 2.07 Gy kd 2.38 Gy kd

F.G. - 9% 11% 21%
Deviation

C.G. - 16% 18% 36%
MB-MBKR Early model Exponential Linear Late model
K average 1.30% 2.03% 2.15% 3.%

F.G. 0.88 Gy k& 1.37 Gy k& 1.45 Gy k& 2.03 Gy kd
K-dose rate

C.G. 0.80 Gy k& 1.23 Gy k& 1.31 Gy k& 1.83 Gy k&

F.G. 3.73 Gy k& 4.23 Gy k& 4.31 Gy k& 4.88 Gy k&
DR

C.G. 2.01 Gy k& 2.45 Gy kd 2.52 Gy kd 3.04 Gy k&

F.G. - 13% 16% 31%
Deviation

C.G. - 22% 25% 51%

Table 4. K concentrations and resulted deviationBR values for the proposed models of leaching.
The deviations in percentage were estimated by adsgn with the early model DR value. The same
values as in Table 3 were assumed for a-value ane While for environmental dose a mean value of
0.7 Gy k& was used. Also, as in Table 3, the coarse grginoaph was based on quartz grains (90—

120um). For the U and Th concentrations, the mean egdiwen Tables 1 and 2 were used. F.G., fine

grain, C.G., coarse grain. Deviated values weraded.
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Table 5a.
Sample AGE (ka) ED (Gy) w Q.(Gy ka™) Dyw.th) (Gy ka™) DR (Gy ka?) Deny (Gy ka™)
KOM26 3.6+0.05 13.20.88 0.1%0.03 0.9%0.12 2.150.15 3.6%0.25 0.54t0.06
Table 5b.

AGE 1 1 1 1 1 %K DR’
Sample (ka) ED (Gy) W D,(Gy ka™) | Dgurn (Gy ka™) | Den(Gy ka™) | DR (Gy ka™) | Dgx) (Gy ka™) average | (Gy ka)
KOM27 3.6:0.05 10.841.15 0.2a0.04 0.930.12 0.590.03 0.540.06 3.0%0.39 0.95:0.12 1.3%0.18 | 2.7%0.33
KOM37 3.6+0.05 11.121.05 0.250.05 1.0&0.14 0.6%0.37 0.540.06 3.020.34 0.8A#0.09 1.290.15 | 2.7&0.30

Table 5.a. Calculation of §J, value based on sample Kommos 26. AGE value rédeitse established archaeological age. 5.b. Cdionlaf average K and dose
rate (DR )values for samples Kommos 27, 37. Whegetbe effectiven- dose rate values (for Kommos 26, a-value £0103, for Kommos 27, 0.89.02 and

for Kommos 37, 0.160.03). Factor F was taken as£05L5 for all samples. TL measurements for supratiteeffect provided results close to zero.
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0 0.5 1 1.5 2 2.5 3 3.5 4
time [ka]

Figure 1. Schematic illustration of the four leaghimodels proposed for the MB and MBKR pottery

groups 1. early, 2 exponential, 3linear, 4 late.
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Figure 2. Normalized beta-dose growth curves fgeBtimation. A laboratory irradiation dose of 10

Gy was used for inter-aliqguot normalization.



