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A correction procedure for ambient
activation in pre—dose dating

S. R. Sutton and C. M. Kernmeier
McDonneil Center for the Space Sciences
and
Center for Archaeometry
Washington University
St. Louis, MO 63130
U.S. A,

Introduction

The dinitial TL sensitivity of the 1000C peak, Sy, used in
predose dating 1is often non-negligibie compared to the sensitivity
measured after activation of the palaeodose, S,. The question then
arises as %0 whetner the measured initial has increased during
burial due to "ambient activation" of the palaeodose. Described
here s a procedure which can be used to estimate the degree of
ambient activation experienced by such a quartz sample. The basic
idea 1s that the thermal activation characteristic (TAC) for an
ambiently activated sample will lie at higher temperatures than if
the sample had not experienced this effect. In principle, the
difference between natural and artificial TAC's can be used to
quantify the magnitude o7 the activation,

Basic Principles

Consider some arbitrary TAL defined 1in relative terms using
the nomenclature of Bailiff.

_S""‘Sp
T SaSe (1)

If an identical aliquot of this sample were ambiently activated by
some fraction T cof the total possible {(Spax-So), the measured
initial sensitivity, S§ would be greater and the measured TAC will

instead be fT*

ST - Sp* 2
oo for ST 2 5o (2)
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=0 for ST < Sp*



where
50% 7 50 b HOmax - So) and 0 < f <1

The two-port solution is required by the condition that the new TAC
cannot be negative., Substituting in the definition of Sg* we get

Jr - f
IT* o for 7> f (3)
1 - f
=0 for s7 ¢ f
The difference T between the original and ambiently activated
TAC's 1s
o7 = I -
[
= b (1-ayy for gy f (4)
i b
= J7 for s < f (since f7* = 0)

Thus, at increasing glow curve temperature, o 7 increases as JT
until  the temperdature at which [y = f.  Fron this temperature
onward, i follows (F/1-f){i-/7). Since this function decreases
with increasing temporatu,-, it can be seen that o 7 peaks at the
temperalure at which JS7 = f and it has a maximun value of f. The
max imum value of the difference between the two TAC's, therefore,
gives the degree of ambient activation. It can also be seen that f
is always less than or equal to Sg*/Spax since

S0 /Smax - 1 4 AL-f)Sg (5)
&T(max) Mmax
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which is always
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Application to Natura! Samples

The ambient activation correction is obtained from two TAC'S

- one for the natural dose Jf, 71 and one for a laboratory
administered dosa Jg T Twe latter is actually from a “natural +
artificial”™ TAC fq+8 , rather than by measuring a second glow
activation, to a/owd modifications in  the activation
characteriscic which can occur during the first heating. The

1 "

"nt 8" TAC is a weighted convelution of the "n" and "B“ TAC's where
the weighting factor is determined by the fraction of TL
contributed by esch. That is,

Smeg T - of {
fg,p = 200k, n,T {6)
1 - a
and o = natural dose/(natural dose + Tlab dose). When a laboratory

dose ro;qn]y equal to the natural dose is used, fg T 1s not very
sensitive to o sc only approximate knowledge of thé natural dose
is required. For highest accuracy an iterative approach must be
taken,
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[n this case, a7 is taken as fg 7 - [n 7 so that equations
4 are used after substituting fp 7 for JF. A hypothetical case
for "f=0.3" is shown in figure 1. 71 peaks at the temperature
where JSg ¢ = f.  The function "(f/1-f){1-7g 7)" intercepts the

sensitivity axis at #/(1-f) in the 1init that g 7 = 0.

Fig.%: &n Hypothetical Exampie
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Correction of Natural Jose Determinations

The fractional  error  in the uncorrected natural dose
determination Dp* due o anbient activation is equivaient to the
fractional errcor in the measurad sensitivity enhancement. The true
natural dose 0, that cobtained after correction for ambient
activation, is then

r . Nk
D, = (o1 nax ?D%% ¥ s R (7)
' (5 max = 507 - p{max)

Simulation Experiment

A simutation axperiment was performed fo test this method.
Two aiicuots of poctery quartez (Wu-1160, S. Missouri) were given
add-on beta doses equivalent to {he uncorrected natural dose {using
the full value 3557 of 100 rads. For the first aliquot, JSpep. T
was measures st 5090 intervale up to 45090, 4 7 was then
computed as described above. From this TAL, it could be seen that
the laboratory 4dose was achivated wo 40% sf maximum by an
activation to 312V0. Accordingly, the second aliguob was pre-
activated to 312°C to shaulate an ambient activation, and Jg
determined as for the first atiguot. a7 conputed from these two
TAC's peaked at 0.4 in agreement with the prediction,



Ambient Activation Correctfions for Some Pottery Quartz

This correction method has been applied to ceramic artifacts
from site 23BUI0 in the Qzark National Scenic Riverway. The site
correlates with the Powers Phase which has 30 associated Cl4 dates
between 630 and 705 years. TL dating results are shown in table 1.
Measured ambient activation correction factors ranged from 0.06 to
3.38 and figure 2 shows representative TAC's., In general, the
corrected dates are in Dbetter agreement with (14 than the
uncorrected dates.

Two caveats should be pointed out. First, it is assumed that
the TAC's are identical except for ambient activation effects.
Second, high accuracy is difficult to attain in practice. This is
oecause high precision temperature control is essential and
values are determined by subtracting sensitivities of similar
magnitude.

Fig.2: 116D Quartz TAC’s
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X
Age Age
using Corrected using
Sample D S.S/S, Sy Ay{max) D, correction
(rads) {years) {rads) (years)
116A 125 0.36 483 G.12 140 336
1168 i4o 0.20 515 0.20 180 650
116C 150 0.12 540 0.10 165 600
116D 130 0.42 465 0.38 160 800
116K 95 0.14 405 0.14 116 470
118K 210 0.12 680 0.06 225 720
1164 186G 0.47 615 0.30 255 880

C14 = 630-705 years B.p.

Reviewer's Comments (IKB)

The paper provides a good expcsition of the quantitative use
of TACs fc approach the problem of activation of the accrued dose
at ambient temperatures during antiquity. High initial sensitivity
is one of the remaining stumbling blocks of the technique that can
give rise to significant uncertainty in the evaluation of the
accrued dose.,  Consequently, any procedure that can be used to
reduce such error is of importance, However, from our experience
in this laboratory we would question its practicability for reasons
which are mencicned as caveats by the authors. It is commonly the
case that TAC form alfers significantiy with dose and annealing
treatments 4nd these effects will complicate the evaluation of the
true initial sensitivity, in addition to the problem of obtaining
high precision. The authors do not discuss the use of UV reversal
and it would be interesting to test whether; (i) all samples except
116 D, F, and J, where it appears the true initial sensitivity is
reglinible, are fully UV reoversible and {i7) the remaining samnples,
where ambienl activation accounts for part of the measured values
of initiai sensitivity, are similarly ogartial UV reversible,

For archaeological samples the possibility of secondary
heating should be considered., It it can be excluded fhere remains
the guestion of whether the measured extent of activation is to be
expected at ambientl temperatures,

Author's Response

Clearly, additionai wovrk 1is required to test the general
applicability of the proposed correction procedure. Comparisons of
UV reversibility with activation correction factors would indeed be
informative, Errors due to alteration of TAC's by annealing
treatment are avoided by using "first glows" as described; however,
alteration with dose remains a potentially serious compiication.
In principle, the correction procedure properly evaluates the
integrated effect of any post-firing thermal activation of the
initial sensitivity including minor secondary heatings.
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Problems with linear regression
as applied to TL data

H. M. Rendel]
Geography Laboratory
University of Sussex

Faimer, Brighton BN1 9QN
Sussex

The purpose of this note is to compare various techniques
that are commoniy used by workers within TL to fit the 'best’
straight line to a set of data points. Despite the fact that the
use of some of these techniques has become routine, a comparison is
instructive, revealing differences of up to 6% in the intercept on
the dose axis,

Discussion wili be confined to the 'best fit' rather than to
the error terms, and concerns fitting a regression to TL signals vs
radiation dose for the simplest of cases i.e. Nat and Nat + beta,
in order to determine the intercept on the dose axis when signal =
zero or Ig. Tne nature of the TL data places certain constraints
on the regressicn techniques. First, the pairs of values of signal
and dose are not drawn at random, the dose values are selected in
the laboratory, usually at regular intervals, whereas the values cof
TL signal are allowed to vary. Second, the data points may be
clustered, with several values of signal for each dose value.
Lastly, although both variables wiil be subject to errors, the
errors 1in signal witl tend to be much larger than -those for dose.

In order to fit the eguation:

y = & + bx

determined. Owing to the apparently trivial nature of the problem,
one is tempted tc use a standard regression package without
considering its suitabitity. Details of 5 different technigues for
determining the slope of the regression line are given below, in
all cases except equation 4, the intercept, a, is given by:

values of b (siope} and a (intercept on y axis) need to be

a =Y - ol where: Y = ty/n X = £x/n
n = no. pairs data points



Details of equations.

Equation 1 : jeast squares regression of y (sigral) on (x) dose

The sum of the sguares of the vertical distances fromn the
i

regression iine is a minimun (Davis, 1973, pp. 192-200).
_ o txy - {(ix.zyl/n}
D= Ty 4T

Equation 2 : least squares regression of x (dose! on y {signal)

The <sum of the sqguares of the horizental distances from the
regression line is a minimun. Since errors in dose are required
for ED estimates this technique may seem the obvious choice.
Problems stem from the fact that dose values are not selected at
random ond  Williams (1985) considers that in such a case "the
regrassion of x on vy may be so greatly changed as to be
meaningless®

Fouation 5 @ major axis regression

The sum of sguares of the perpendicular distances from the points
to the regression tine is a minimun (York, 1966, p. 1079, eaqn. 1).
This tecnnique represents an attempt to take account of the fact
that both the dependent and independent variables are subject to
error.

27 102« V(2 - su2)2 ¢ 4(nuv)2)

b= = 7 YUV

b ox - X Vs oy -y

A

Equation 4 . weighted lecast squares regression of y (signal) on x

{dose
\(‘,\)Dl_

This appreoach is used by Debenham [pers, comn.,) and employs a
weighting term based onthe assumption that the errors in signal are
a fixed percentage of the signal (5% in this case).

LW IWXY - TWX  Iwy
ZW LWXS - LIWX ZWX

w=1/{ Vr

Equation 5 : least squares cubic fit of x (signal) on v (dose)
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a=V-60 V= 7=
L

Trhis weignted regression of x on y 1s employed by Berger (Wintle
pers, comm.) and uses a special solution of the ieast squares cubic
given by York (1966, p. 1082) that assumes no error in y, but that
X 1s subject to error. Unconventionally, Berger treats dose as his
c¢ependent | rather than independent variable,

5 o= LWVZ
Z(wlV)




U= spe - By y gy - 20w

w = 1/x2

In order to compare these equations a real data set of N, N+beta
vatues (n=8) was used. The data have a correlation coefficient of
+0.983, The results are given in Tabie 1. The raw data are given
in the appendix.

Table 1 : Results for different linear regression technigues

Equation 0 [{stope) a (intercept) 'ED' dose intercept
(y = 0)
1 0.467 5.435 11.639
2 0.483 5.316 11.005
3 0.470 5.413 11.517
4 0.482 5.283 10.956
5* n/a n/a 10.992

* slope, intercept not comparable with 1-4

A comparison between equations 1 and 2 using an artificial data set
(with r = +0.991) cave values for dose intercept differing by 2.9%
(for n=10) and 1.3% (for n=20). The extent of disparity between
the different techniques will vary as a function of the correlation
coefficient and the nunber of points in the data set.

Discussion

it 1s apparent fronm the exampie given above that there is a
significant variation in intercept values depending on which
regression strategy 1s wused, The wuse of weighting procedures
allows the investigator to take account of known analytical errors
of the co-ordinates of data points, and such a technique appears
particularly vaiuabie in the case of isochron data (Faure, 1977,
pp. 89-9G). However, if we can assume that the errors in the TL
signal are large compared with those for dose, the simplest
technique 1is to use Equation 1 and regress y on x minimising the
squares of the vertical deviation about the regression Jiine,.
Atternatively, if we can assume that the errors in signal are a
fixed percentage of the signal then a weighting procedure may be
more appropriate, Comments from other workers as to which
techniques they use, and why, wiil be weicomed,
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Appendix: Reqgression Data
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TL studies of Quaternary sediments
at the University of Gdansk

S. Fedorowicz and I, J. 0Olszak
Department of Geomorphology & Quaternary Geology
University of Gdansk
ul. Czolgistow 46
81-378 Gdynia
Poiand

Introduction

fofL taboratory for the dating of Quaternary sediments came
inte being inoour Department in 1982 as the result of increasing
interest being shown by scientists working on chrono-stratigraphy
and Quaternary geoctogy. The laboratory, run by the authors {the
first s o physicist and the second a geomorphologist), 1s housed
in  four rooms providing chemical, electronic, analytical and
measurement faciities. In this paper we discuss methods for dating
Quaternary sediments and the measurement apparatus used in the
laboratory.

The laboratory ecuipment

The apparatus used for estimating the dose-rate comprises
{see figurej:

L. Ar AZAR gamma spectrometer with cosmic radiation shield
(manut . by ZZUJ "Poion", Warsaw) which is linked to an RC-82
digital recorder,

Z. A ZSG-81 single cnannel gamma spectrometer (manut. ZZUJ).

3. A IR-1¢ radiometric unit with bisectional proportional
counter and inciuding an anticoincidence shield for the
measurement of alpha and beta radiation.

4. A TL scanner - analyser ({type 770, manuf. Inst. of Nuclear

Physics in Cracow).
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The equipment required for equivalent dose measurements comprises:

1. A THYR-2 vibrator with a set of sijeves of mesh size from
40 u to 6.3 mm (made in GORJ,

2. A UD-1i uitrasonic disintegrator (manuf. ELPAN, Poland).

3, A TL scanner, as above, coupled tc an NE-240 X-Y recorder
(manuf. EMG, Hungary).

4. A Co-60 “rradiator {located in the Radiological Inst. of the

Gdansk Medical Academy) which is capable of administering
doses wich an accuracy ov better than 1,5%.

Methodology of measurements

THE SEQUENCE OF OPERATIONS IN THE TL LABORATORY
OF THE UNIWERSITY OF GDANSK iN GDYNIA
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age of sediment

Dose-rate

After removal of a sediment sample from the field to the
laboratory, it is tested for humidity (%), then dried at 20-500C.
The dose rate, as 1indicated in the figure, is measured 1in three
ways .



A. Gamma Spectrometry:

A container with 1.5 x 1073 m3 of sample is placed in the
AZAR-82 spectrometer and each measurement, which takes 2000s, 1is
repeated 20 tines. The dose-rate is obtained by determination of
the concentrations of K-40, Ra-226 and Th-232. The error
associated with the gamma dose-rate determination 1is estimated to
be approximateiy 3%. The single channel ZSG-81 spectrometer 1is
also used and enables the concentration of uranium and thorium to
be determined with a measurement error of about 4%.

B. Beta and Alpha Spectrometry:

Samples are placed directly 1in the active volume of the
IR16 s counter and alpna and beta dose-rates are determined with an
error of about 3%.

C. TLD:

LiF dosemeters in perspex containers are placed directly in
the sample container and stored in the laboratory for a period of
at least three months. The equivalent dose, evaluated using the TL
scanner, is obtained with a measurement error of approximately
T15%. If field conditions are suitable the dosemeters can alsc be
placed in the sampied deposit.

Determination of Equivalent Dose

We wuse the reproductive method (N+SL+Yv) of Wintle and
Huntiey (1982). The dried sample is subjected to granulometric
analysis. A fraction weighing about 2g is selected from the 800-
L1000 wm fraction for further analysis (Hutt 1977; Fleming, 1970).
Tne outer surfaces cof the quartz grains are cleaned in distilled
water for 20 mins in the UD-11 ultrasonic disintegrator operating
with an wuitrathermostat. The samplie is then treated with 5% HCI
for In and then with 5% HF for a simiiar time. After each acid
treatment, the fraction 1is rinsed with distilled water and then
dried at 20-259C,

One part of the sample prepared in this way is used for
measuring the natural TL and the remainder is illuminated with a
sunlamp (uv). The thermal radiation is measured and the sample is
then given an accurately controlled dose of radiation from the Co-
60 dirvadiator, The artificial TL is then measured. The TL
signals, measured using a heating rate of 1.7 OC s~i, are anaiysed
in the 270-3209C temperature range and their growth investigated as
a function of dose.

The Calculation of Age

The age of a sediment is calculated on a Sinclair
microcomputer using a Basic programme. The measurement error is
computed by the complete differentiation method (Szydtowski, 1981)
and we are presently able to obtain an accuracy in the region of
15%.



Conciusion

P AN AL AN AT

So far, our 1L iaboratory has dated some 300 sediments from
all over Poland, including tiil, glaciomarine and marine deposits.
Our Tlaboratory works with and carries out comparative studies for
the other Polish laboratories in Gliwice, Lublin and Warsaw, and
the Soviet laboratories in Kiev and 7allin. Recently we have peen
sounding out the possibilities of similar co~operation with
taboratories in Denmark, Italy, Great Britain and Australia.
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REVIEWER'S CUMMENTS {Dr. Galina Hutt]

This is a paper worthy of publication in Ancient TL Dbecause
it describes the research effort and progress of the new TL

dating centvre in Poland. The apparatus s modern and
suitably comprehensive for the present requirements of TL
datng.

The comments I would like to make are concerned with the
methodology described by the authors:

I am doubtful that the authors are employing the quartz
inciusion technigue. The use of heavy iiquid separation
(2.6-2.64 g/cm3) followed by acid treatment of 5% HCL and 1 &
and 5% HF for 1h 1is not, in my opinion, sufficient to obtain
pure quartz samples where the alpha-dosed outer layer of
grains has been vemoved.

e
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It is advisable to obtain both first and second dose response
curves to check for any <change in sensitivity after
bleaching.

3. The zercing technique described gives the 1ideal zero {i.e.
where the maximum bleachable TL has been removed). I believe
that most of the samples will not have been zeroed to this
tevel at the time of deposition.

Nenetheless, the good dating results achieved by the
laboratory suggest that the above probiems were not of great
importance for the geologicel region that they investigated.
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Cleaning chert with HF —a note

Christopher Maurer
Department of Anthropciogy
University of Florida
Gainesville, FL 32611
U.S.A.

Carviveau (1977, 1979) has suggested cleaning quartz grains
in concentrated HF prior to measurement of their TL spectra. While
this procedure has proven successful with quartz grains from
pottery, ceution should be used in extending it to chert.

Durng Ethe recent dating of a heat-altered Fiorida chert
tool, a sample Of the tool was viced to < 63um and etched in 50%
HF for 1% minutes. On addition of the acid, the chert immediately
foamed 1nto an opaque sludge with marked evolution of heat.
Testing of tne sludge showed that its TL signal had been destroyed.
A repeat test showed that the foaming reaction was rapid, going to
completion 1n 10-15 seconds. Weaker HF solutions were then tried.
Tests of % (60 seconds and 10 minutes) and 2% (10 and 20 minutes)
solutions showed neither caused foaming or heat evoiution.
Examination of the etched grains with a petrographic microscope
confirmed that the 50% HF etched grains were completely destroyed
while the 1% or 2% etched grains appeared unaffected.

This exothermic sludge may be similar to the "spectacular"
failure observed by Huxtable (1982) 1in a flint from the La Cotte
{France) site when she tested it with 40% HF. In both cases, there
1s the possibility of calcite contamination. Calcite alone,
though, wouid not fully account for the effects observed as the

[

calcite-HF reaction does not markediy evolve heat.

A clue to a possible origin of the effect may Tie in a report
by Oonna Ruhl (florida State Museum, pers. comm.) that a similar
severe foaming and evolution to heat was observed in several North
Florida clay samples when she added 40% HF to them. Her sotution
was to treat the clay samples three times with 10% HC1, with
centrifugation and decantation of the supernatant plus a deionized
water rinse offer each addition, before using the HF. With our
chert samples, we use a 3 minute, 38% HC1 bath followed by a 20
minute, 4% HF etch.



In conclusion, chert/fiint samples which foam when etched
withi b0% HF may De successfully etched in weaker HF solutions (1-
4%} with or without a prior HO1 bath.

m
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Reviewars Comments {S. Sutton)

ihe advantage of etching ground chert is unciear. As pointed
out by Fleming, the purpose in etching quartz grains (from pottery,
for exampte; 1s twofoid; first, to increase transparency by
remov ing  nateria!  contaminated by impurity diffusion during
weathering ang, second, to remove part of the alpha-irradiated
materiai. Chert "grains" are not obviousiy analogous. These
“grains”  would be  expected to have more or less uniform
transparency since they are composed of microcrystailine quartz and
their curfaces have experienced no weathering. Alsc, the uranium
and thorium distribution in the chert and in the "grains" 1is likely
to be more un:ionm, It is stated that “grains” etched in dilute HF
“appeared unaffected” under petrographic examination. How then was
it determined that they were "successfully etched?”

Author's veply

Because <hert freguently contains both a glassy phase and
trace mineral impurities as well as quartz grains {Clark and Purdy,
‘Eilectron microprobe anaiysis of weathered Florida chert' American
Antiguity 44(3):517-524), the HF etch, preceeded by a HCi etch, is
used to try to remove the former while Teaving most of the quartz
grains behind. Secondly, "successfully etched" was imprecisely
worded. The intended meaning was "did not foam into sludge"”.
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Sensitization of TL s
exposure to iight

A. G. Wintle
The Godwin Laboratory
Sub-department of Quaternary Research
Free School Lane
Cambridge CBZ 3RS

Abstract

The regeneration method of obtaining the equivalent dose for
polymineral Tloessic deposits has been shown to give rise to
apparent TL ages which are far too young compared with known
geological age over the period 503-700 ka. Debenham {1985) proposed
that loss of luminescence centres over that time period was the
cause of the underestimation. This conclusion was reached on the
basis of the apparent exponential nature of the discrepancy between
the TL dates (hy regeneration) and the geologically estimated ages.
This paper presents a different model which cculd give rise to a
simitar  discrepancy 1in  the dates, It proposes dose-dependent
sensitivity changes occurring when the sample 1s exposed to 1ight.
It vredicts a hyperpolic, rather than an exponential, discrepancy
but it 1s difficult to differentiate Detween these two functions.

Introduction

Debennam {1985) has reported that when equivalent doses (EDs)
are obtained by regeneration of the TL signal following exposure to
a solar simulator, the TL ages obtained for Tloess from north-
western Europe reach a iimit of about 100 ka. He concludes that
this effect s due to decay of the TL signal through time with a
mean life, 1, of about 100 ka; hence the TL age, 7, is obtained by
T = v (1 - exp{~t/t] where Tt is the true geological age of the
sample., Wintle et al. {1984) found ages in the range 75-139 ka for
the loess and soil complex below the hiatus at 1.8 m at Saint
Romairn. They concluded that these represented the terrestrial
climatic record equivalent to oxygen isotope stages be to ba in the
marine record in agreement with the geoclogical interpretation
{Lautridou, 1982). However, a later study by Wintle (1985) on
soils deeper in the section did not show any increase of TL with
depth. his  thus confirmed the flattening off of TL age versus



real age reported by Debenham and suggests that the interglacial
soil at Saint Romain 15 pre-Eemian. Similar underestimates have
been obtained for well-developed intergiacial soils in Poland when
this tecnhnique is employed (Proszynska-Pordas, 1985).

These results can be expiained by the slow decay of
Tuminescence centres over the period of interest as shown Dy
Debenham. Fig. 1 shows the effect of such a decay (1 = 150 ka} on
the measurement of TL ages. Loss of luminescence centres would
atfect not Just the regeneration method of ED determination, but
also the other methods, the total bleach (N + g8 - I5) method and
the partial Dbleach method (R-r} method, to the same extent. On
the other hand, severai authors (e.g. Buraczynski and Butrym, 1984)
nave obtained TL dates older than 150 ka using these methods.
However , it should be emphasised that their dates could have been
overestimated {thus fortuitously carceliing any loss of
tuninescence centres if the latter 1s occurring) because of non-
Tirnearity of ihe TL response as the dose is increased.
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Figure 1. LD plotted wversus ED (also converted to TL age versus
geological age using a dose rate of 3.5 Gy/ka). """z
Jor loss of luminescence centres with 1 = 150 kG ,@....9
for lineur growth ond sensitivity change  o--- O for
ecxrenenticl  growth with a sensitivity change which
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t_of dose-dependent sensitivity change on regenerated growth

Another phencmenon which could give rise to an apparent
flattening off of the TL age versus geological age plot is now
considered . {t concerns the effect of a sensitivity change
produced by the laboratory Tlight exposure. It is constrained by
the experimental knowledge that for young European Tloesses the
sensitivity after bleaching, S, differs negligibly from that for an



unbleached sample, Sy Lot us assume that the sensitivity after
bleaching depends upon  the radiation dose that  the sampie hax
received since it was last exposed to sunlight, in a way which is
analagous to the pre-dose sensitisation found for quartz and
feldspars from pottery when they are heated in the laboratory (e.g.
Me jdahl, 1985).

{a) Linear crowith curve

In the simplest case, where the growth curves are linear let
us assume that the sensitivity after bleaching 1is given by the
equation S = S5 (1 + Dt/B) where t is the geological age, D is the
annual dose rate, and B is a constant, taken as 800 Gy. The effect
on laboratory growth curves 1is shown 1in Fig. 2 for samples of
various EOs.  When the natural TL intensity produced by ED is
matched to that induced Dy laboratory dose LD, we can write

Sg . ED =S . LD
and hence So . ED = So (1 + Bt/B).LD = Sy (1 + £D/B).LD.

The unigue points obtained when the light levels are matched
fall on the hyperbola LD = ED (1 + ED/B). This function is also
plotted in Fig., 1, with D maintained as 3.5 Gy/ka, a fairly typical
value for Joess. It can be seen that for samples up to 400 ka
there 1is negligible difference between this function and the
exponential proposed for decay of luminescence centres with t =
150 ka. Above 400 ka the curves deviate as the hyperbolic nature
of the above equation becomes more pronounced. For the dose region
below 200 Gy tne responses of these two curves can be seen better
in the expandea ~int in Fig. 3.
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Figqure 2: TL intensity plotted as a function of dose for a
theovetical sample having linear growth but for which the
sensitivity after laboratory bleaching depends upon the
equivalent dose ED., This results in an wunderestimate of
the TL age, since the laboratory dose LD which matches
the natural TL intensity is systematically smaller than
the ZD as showm by g «vvv @ «vee @
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{b) Exponentiai growlh curve

e’

The above Tinear growtn curve model may be insufficient since
it has been demonstrated that tne growth curve for fine grain loess
after bieaching becomes noticably non-Tinear for doses greater than
200 Gy (Oebenham, 1985), Fig. 4 shows a composite regenerated
growth curve obtained by matching data for two samples from Saint
Romain and twuo much older ones from Paks and Stranzendorf (H.
Proszynska-Borcas, perscnal communication 1985); normalisation of
the data was performad by matching the Tight Tdevel at particular
doses assuming thot only the sensitivity and nol the shape 1is dose
dependent. Tnese data can Dbe fitted reasonably well by a
saturating exponential of the form I/Ig = (l-exp[-D/Dg] with Dg =
500 Gy. An equation of this form is preferred since it is that
predicted as the finite number of electron traps becomes filled.

Assuming tlhe same exponential growth for the natural TL and
for the post-bleaching TL measurements (i.e. no change 1in growth
curve shape caused by bieaching), we can examine the effect of a
sensitivity change which depends upon the degree of trap fi1tiing
t.e. §/55 = 1 + [1 - exp -E0/Dg]. The effect of this sensitivity
change 1s shown 1in Fig. 3, where the relationship between LD and EU
is obtained by matching the TL level. This resuits in

(1 - exp-£0/Dq) = [1 + (1 - exp-E0/Dgy) ] [1 - exp-L0/Dg].
However, this model predicts that LD will not reach a value greater
than about 410 Gy and 1t also produces a sensitivity enhancement of
Sw / Sy = 2.3 for a regeneration dose of 270 Gy when the slope of
the regenerated curve {(Sp) and the N + 3 curve (Sy) are compared
at the same Tight levels.
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Discus

Unlike Debenham's hypothesis, the model described above can
be tested in the laboratory. Oebenham's data implied that Sgp / Sy
does not increase above 1.6 for regenerated doses up to 400 Gy in
his study of a number of geological samples. However, the best
test of the model will be a series of experiments of a young loess.

Sensitivity changes after bleaching have been reported in a
bleaching study on polymineral fine grains by Rendell et al. {1983)
for Toess from Pakistan. In their work they found the gradient of
the regenerated TL {1.e. S) varied in a non-linear way with the
length of bleaching time, If this is a general phenomenon then it
adds an additional variable to the evaluation of existing data and
to proposed experimental procedures.
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Reviewers®' comments:

The wvirtue of the model presented in this paper 1is that
experiments may he devised to test it. Nevertheless the two
problems that can never be resolved are (i) the possibility of dose
rate effects and (ii) defect migration either by normal thermal
diffusion or by optically enhanced diffusion, Decause the
laboratory to natural dose rates vary Dy some 106:1, and diffusion
times of 100 ka could aliow defects to migrate throughout the
sitice or silicate grains of the loess, The familiar demonstration
of these problems occurs in the photographic process, and there 1is
no Justicication 1in assuming that the loess presents us with 5
simpler oroblem. We should add that in addition to the paper cited
(Rendell et al., 1983), we have more recent experimental data
indicating tnat post-bleaching sensitivity changes are extremely
compliex, at least as far as the Pakistan loess is concerned.

Finally, contrasting TL and geological age estimates 1is
really only helpfui if the geological age estimates are related to
absoiute age determinations - unfortunately geological age
estimates often have a flimsier base than those of TL.

Helen Rendell and Peter Townsend.
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Alpha particie effectiveness:
numerical relationship between systems

M. J. Aitken,
Rescarch Laboratory for Archaeclogy and
the History of Art,
Oxford University,
6 Keble Road,
Oxford, 0X1 3QJ

There are now four systems: the original k-value system
formaiized by Zimmerman (1971}, the a-value system of Aitken and
Bowman (1975), the b-value system of Bownan and Huntley (1984), and
tne omnidirectional flux system in use at Gif-sur-Yvette (Guerin
and Valladas 1980; Vailadas and Vaiiadas, 1982; Guerin 1982;
Valladas 1985); the latter system deals also with response of
coarse grains to an external alpha filux. The purpose of this note
is to coliate, for convenience, nunerical relationships between the
various coefficients.

In the k-value system (though Zimmerman used the symbol ¢ in

place of k) the basic definition is:
k3,7 = TL/gray for 3.7-MeV alpha particles
TL/gray for beta irradiation

The alpha particles received during antiquity have a spectrum that
spreads from 8.8 MeV to zero and to make allowance for this
Zimmerman introduced keff, which for a sample having equal thorium
and uranium activities 1s equal to 0.83 k3 7. The drawback to this
system is that the value obtained is strongiy dependent on particie
energy, as also is the absorbed dose. The other three systems are
based on the approximation that the TL per unit Tength of alpha
particle 1is independent of particle energy. This was implicit in
the work of Zimmerman and was demonstrated explicitly by Bownan
(1976) for a variety of TL phosphors,

The first of these systems was based on the definition
a = x'/1306S (1)

where x' rads 1is the beta (or gamma) dose necessary to induce the
same level of TL as 1 minute's irradiation by an alpha source of



strength $ micron< minute‘l; this Tatter represents the rate at
which track Tength is delivered to unit volume of the sample., If
grays are used instead rads then the definition becomes

a = x/13S (2)
The numerical factor is equal to the energy Toss per micron for a
3.7 MeV alpha particie in quartz divided by the density, i.e. {135)
is the dose-rate for an alpha source delivering 3.7 MeV alpha

particles to a thin sample of quartz. Hence a, 1like k, 1is
dimensioniess and the value obtained for quartz, measured on the
basis of equation {2}, is by definition equal to k3,7; the value
obtained for a 1is oniy weakly dependent on particle energy (to the
extent that the TL per wunit 1length of track does have some
dependence on particle energy) whereas fo measure (or use) k the
particle energy must be specified. For a sample having an alpha
stopping power ralio r relative to quartz,

8 =71 k3 77 r.kefs/0.83 (3)

The b-value syslem avoids any numerical factor 1in the definition of
b, which 1is,

b = 1L per unit alpha track length per unit volume
fL per unit absorbed beta dose (4)

Unlike a, b i

g

s not dimensiconiess and if it s expressed in terms of
(gray micron<),
b =13 a {5)

The Gif systewm if simjlar to the Db-value system except that the
units used are {rad tm~), so that

Se = 107%p (6)

where S, represents the beta rads necessary to match tne TL level

due to a perpendicular alpha flux of 1 particie per cm<.

Coarse grains

In the quartz inclusion technigue (Fleming, 1970) the skin of
materiai  drradiated by alpha particles from the clay matrix 1is
removed Dy etching with hydrofluoric acid. An  alternative
approach, stimulated by uncertainties 1in the etching process
(Vailadas and Vailadas, 1982), is to dispense with etching and to
make direct experimental measurement of the alpha response of the
arains. An  important 'theorem’ here is that the irradiation
situation for a spherical grain exposed to an omnidirectional flux,

is identica’ to that of the grain when it 1is exposed to a
paraiiel flux of the same velue, both fluxes haing the same energy
distribution (loc. c¢it., p. 176); the omnidirectional flux
carrespends  to the alpha dose received by the grain during
antiquity and the parailel flux to laboratory irradiation {the



grains are placed on a vibrating pan during measurement so as to
minimize ervor dur Lo grains which are non-spherical}. The value
of the onnidirectional flux for a sample 1s egqual to four times the
particles 1incident on unit area exposed to 2w steradians of the
sample, t1.e. the flux rate equals four times the alpha count rate
(for zero threshoid) per unit area.

[t may be useful to note incidentally (see Aitken, 1985, »p.
318 that the 'true' effectiveness as obtained by irradiation of
fine grains 1is related to the 'apparent’ alpha effectiveness as
obtained by irradiation of coarse spherical grains by the ratio

20
e 7)

where D 15 the grain diameter, R is the alpha range and W' is the
ratic, for the alpha energy used, between the average TL per unit
track length for fotat absorption and that for a thin layer of fine
grains. Guerin (1982) reports an experimental value of 6.11 % 0.55
for this ratio using 3.5 MeV particies and grains of diameter 100
microns. This is consistent with the value of 6.3 obtained for the
above ratio on substituting R = 13 microns and ' = 0.81 as
appropriate to 3.5 MeV, the value for " being obtained using the
representative energy dependence of TL per unit track length given
by Attken and Bownan (1975}, this latter consists of a constant
level for energies above 2 MeV with a linear rise between O and 2
MeV from 25% of that constant Tevel.

Reviewed by G. Valladas
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An automated beta irradiator using
a Sr¢° {oil source

D. C. W. Sanderson and D. A. Chambers,
Department of Physics,
Paisley College of Technology,
High Street,
Paisiey, PA1 2BE.

introduction

A new off piate beta irradiator has been constructed for the
Paistey TL Tlaboratory based on a 4 cné extended area. 40 mCi Sr90
foil source with a 50um silver window (type SIQ G, Amersham
International PLC). The design requirements were to maintain
external dose rates ot below 0.75 mR hr-l, to improve the
irradiation ceometry and stability compared with previous designs
used¢ in  tnis laboratory and to provide an accurate automatic
delivery and recording system.

The 1irradiator features a shutterless irraditation cavity, a
tinear transport mechanism ensuring uniform distribution of transit
dose, and a simple control system based on a cheap home computer
with a minimum of external components.

Description

the layout of the irradiator and its central cross-section
are shown in figures 1 and 2.

Us to 12 samples on 1 cm discs are moupted on a brass carrier
bar which passes througn the cylindrical irradiator on a linear
track. The central part of the irradiator consists of two
interlocking stainiess steel sections with a cylindrical cavity on
the central axis above which the source 1s Tlocated in a steel
capsuie.

Stainfess steel tubing welded 1in the central sections
encicses a set of Jlead inserts to provide shielding. We  had
criginally intended to convoiute iead 1into the outer part of the
central secvions, however to simplify machining an external lead
collar was used to sneild this area.
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The source itseif can be loaded and removed on a threaded rod
with minimal handiing time and a security cage with a padlock
prevents unauthorised access to it. Spacer rings can be inserted
to alter the scurce-sample separation.

The sample carrier itseif is located by keys on the outside
edge of the lower stainless steel section and supported along its
frack by a series of PTFE rollers whose height 1is adjusted by
shims. A drive cord joins both ends of the carrier to a 12 V
reversible d.c. motor mounted underneath the source holder. A
series of indexed holes along one edge of the bar are used in
conjunction with an optical switch to control the sample position
for exposure.

A1t the central components and the sample carrier were
machined to high precision such that the source-sample distance
varies by less than 2bum across ali 12 positions. Materials in
these critical areas were thosen with this in mind and to be self
lubricating.

The surface dose rates around the irradiator have been
monitored using a calibrated Berthold meter and fall within the
0.75 mR hr L iinit,

Contro

A sunple, and cost effective controller has been built using
a Sinclair 24 Spectrum home computer with an 'Interspec' interface
(DCP Microdevelopments Ltd., 2 Station Close, Lingwood, Norwich
NR13 4AX) and a CPI ROM card {(CML Products, 1 Milton Réad,
Cambridge, Engtand). The only external electricail components are a
12 ¥ power supply and d.c. motor, a cross-over relay and a Schmidt
triggering switch.

The control program is stored in ROM and provides facilities
for fixea, 1incremental exposure sequences accounting for the
transit dose to each sampie as part of the exposure. A dot matrix
printer kezeps a permanent Tog of each exposure which would be
narticulariy useful if an overnight sequence were interrupted by a
power cut .

Calibration and PerfTormance

The source has been calibrated using a series of gamma
irradiated quartz and CafFy samples exposed to an accurately
calibrated €000 source at Harwell, and also by intercomparison on
two separate occasions with beta sources in the Oxford laboratory.
The smallest dose which caen be delivered is the transit dose
received Dy a sample passing directly through the idrradiation
chamber. We have alsc measured the vertical and lateral fall offs
of dose rate from the centre of a sample disc using a similar
technicue to that described by Bailiff (1980).

These resuits and the calibrated dose rates to 100 um quartz
grains on 0.25 mm stainless steel discs, with their respective
random errors, are tabulated below. We believe that the overal}
error in the calibration is within T 5%.



Source-Sample Transit  Static Dose Vertical Fall Lateral Fali

Separation  Dose/m Gy Rate/m Gy st off %./mm off (at edge
{m) of 1 cm disc)
9.75 290 5 32.6 0.4 7% -3%

14.75 212 t g 23.9 1 0.3 4% -

Using the SIP type 5790 source most commoniy used for TL dating,
Bailiff reports a lateral fali off of 10% when comparing dose rates
5 mm off axis and a vertical fall off of some 14% per mm with a
source-sample separation of 14.82 mm. The Tlarger area source
reported nere gives a modest improvement to both parameters.

Conclusions

Trhe larger source nas provided an improvement in the beta
irradiation geoom'fry compared with our previous sources and with
those which we believe are most commoniy used elsewehre, The
external doce 1rvp.s around the unit are below the 0.75 mR hr-l
level allewing access o non-designated persons. While a linear
delivary systenr 13 fese compact than a turnt{able design it 1is easy
te machine to high precision and when combined with type of contro!
system described is boih cost effective and reliabie.
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