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This note points out that when there has been an appreciable alpha particle contribution to the
natural TL, techniques for dealing with some types of non-linear growth of TL with dose may
need to be more complex than those presently employed. This need arises because the non-
linearity-observed for beta or gamma dosage does not represent the behaviour for alpha dosage.:
The familiar supralinearity observed in the low dose region for beta or gamma irradiation is
absent for alpha irradiation, and, as regards the non-linearity associated with the onset of
saturation-it has been reported by Zimmerman (1972, figs. 6-9) that for the five substances . .
~ Investigated the departure f{rom linearity occurred at an order of magnitude lower dose for beta
irradiation than for alpha irradiation.

‘The reason for these differences in response Is that whereas beta or gamma Irradiation results in
an effectively uniform dosage of the whole volume of the sample (except at doses low enough for
the particle tracks not to be fully overlapping); for alpha irradiation the dosage Is contained in
discrete cylinders along the track of the-partiele-atid within the central portion of these
cylinders the dosage is so high that the TL is in saturation. This is the accepted explanation for
“the low TL effectivencss of alpha radiation (Aitken, Tite and Fleming, 1967) firmly established -
by Zimmerman (1972)."Thus for alpha particles ‘fche observed TL is equal go bhe product of the
(TL per track) x*(numiber of :tracks i the sample); since each track is in virgin territory and
therefore not influenced by carlier irradiation, the TL is simply propomonal to the number of
tracks and hence the growth of Tlwith do@e is lthear - until the level of irradlation is so heavy
that there is appreciable’ oveMap of traeks. " With" llghtly ionizing particles, overlap begins much
earlier so that the TL per track; changes because of the earlier dosage received by the volume of
sample.concerned. . o
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Consequenées 1 !

This dlﬂ"erence in behavnour neéds Lo be considered whene\'or t,here is non-linear growth and an -
apprcuame alpha conmbum()n to Lhe naLural TL (as may be the case not only for the fine-grain
technique but also for coarse grains when there ig alpha activity within the grain - as in flint

and calcite dang) A curve fltted to the growth characteristic obtained for beta or gamma
dosage does not then give a valid representation of the growth, during antiquity. Similarly when
using the regeneration.technique in sediment dating (method ¢ of Wintle and Huntley, 1980) the
paleodose derived by flnding the beta (or gamma) dose needed to induce TI equal to the level of
the natural TL is liable to lead to an erroneous age - as illustrated shortly by a worked example.

Supralinearity correction

First, however, a recapitulation is given of the basis for correction for supralinearity in the low
dose region. As long as the growth characteristic consists of an initlal upward curving portion
followed:by .a linear pomo‘n and the level of the natural TL Is on the latter, the correction is
exact. —— '

The groth of alpha induced TL -may be represented by
| | ! - : G = Xa D w (1)
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where x and D represent (TL per unit dose) and dose respectively. As regards.the growth of TL
induced by beta, gamma and cosmic radlatlon the linear portion of the characteristic may be ,
represented by
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Gg=xpDg-1) (2)

where the suffix 3 is to be taken as referring to all these three types of lightly-lonizing radiation,
and, [is the intercept of the straight line on the dose axis. Obviously this-representation of the
characteristic is not correct other than for TL:levels which lie on the linear portion.

The natural TL may be written as
Gy =XxaDoA +x3(DsA -1) (3)

where D represents annual dose, and A represents age. If we now introduce Qﬁ as the beta
dose cquivalent to G , then , - .

“"“{n practice ng is obtained as the intercept of the first glow growth line obtained by measuting

the TL from undrained portions which have been given additional beta doses. As so defimed: Qﬂ
does not have any physical meaning unless there is linearity in this growth. I"urther we deﬂne
the relative alpha effectiveness as . N R P
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k= x'a/'xﬂ EA W

From (3), (1) and (5), we have - ‘ Lo s : e
A= - o R )

N D +Dﬂ I

This follows ezactly and does not Involve any approxlmat,ion ln respect, of the alpha growth as s
sometimes thought. The condition of appllcablllt,y Is that.all the "FL- levels, coneerned:-le on the .
linear portion of the growth characLerlsLic We .may note anidcnt,ally that. the analysis applies -
also in the case of I belng negative so Lhat (6) can, be used 1n.the case qf-a growth characteristic
consisting of a concave-down Initial curve foHowed by a llnear portion, such as might be given
by two component growth in which one componenL sat,urat,es ea.rly

In the preceeding x refers to first-glow growth. In otder to evaluaLe the Intercept [it is hetes-
sary to use second-glow growth measurements. It has to be assumed that I'is the same for.both
but it does not matter if there has been a change in slope beLween first-glow and second g}ow
The validity of evaluating the supralinearity correcc[on by means oI' a, second glow measure-
ments is a matter of ad koc test for the type of samp!e g:om'erned dat,a relevanL to this ha,ve o
been reported, for instance by Bowman (1975), by Fleming 1970) and by Huxtable and Murray_
(1980). " o A

The regeneratwe technzque aworked e:cample o e

To illustrate LhaL appreciable error can arise in t/he case of non-linear bet,a (or gamma) growth'"
we take the form of Lhat growth to be a saturatlng exponentlal 1 e:; instead of equaLion (2) the
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growth is given by } ) - -
Ga=x3D, (1—exp(Dﬂ/D N @)
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where X 5 is now the (TL per unit dose) for D, << D and D _isa consuant indlca,twe of" Lhe i
dose levél at which saturatlon effects become Serious. ‘f‘he natural TL is now given by . o

Gy = Xa D, A +x3D, {1—exp(D A/D )} " (8)
In the regenerative technique the paleodose is evaluated by finding the beta (or g‘amma) dose
necessary to induce in a bleached sample a level of TL equal to the natural TL, t.e., 1t Is.the.
value of D which on substitution into (7) makes G G . We are taking these levels of TL
to be the levels above any residual unbleachable co ponenL. 5 _ N
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For the example we take .
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DﬁA =;Do (9)

and
. 1 .

XaDa—_—;XﬂDﬂ (10)
These conditions give the paleodose, Pﬁ' as
If we now derive the age as

| P
A =—FL (12)
k, D, + Dﬁ
where kl, = Xa/xﬁ' we obtain
A, =138A4 (13)

i.e., and overestimate by 38%.
An alternative way of Introducing the reduced alpha effectiveness Is to use k, = P /P where

P _is the value of Da which when substituted into (1) gives G = G , the Tatter emg as in
(8). For the same conditions (9) and (10) as before we find

P,=1.29 xp D A /Xy (14)
and if the age Is derived on the basis of
P
A2 = ————?—-—— (15)
ky Do+ Dy
we obtain
A, =1154A (16)

e., the overestimate is less but still significant.

On the other hand if the non-linearity In the beta growth is a form of low-dose supralinearity as
described by equation (2) then the age is given correctly by
P

A= — s (17)
kD,+ Dy

wherefﬂ is the value of D, which on substitution into (2) makes G , equal to the natural TL,
and k Unlike correction for supralinearity in the additivé dose technique it is now
necessary L%at, ghe TL sensitivities, as well as I, for regenerated TL are the same as during anti-
quity.

Conclusion

When there is appreciable non-linearity in the beta growth, as in the worked example, then
except in the simple case described by equation (2), using this beta non-linearity to infer the
form of the growth during antiquity is likely to give rise to a significant overestimate of the age
if the alpha contribution to the TL Is sizeable. At any rate in the case of the regeneration tech-
nique used in sediment dating the error is reduced by using the ratio of beta paleodose to the
alpha paleodose for the relative alpha effectivencss, as in equation (15).

The preferred procedure is of course to construct a combined alpha and beta growth characteris-
tle, the components being in proportion to the respective annual doses.
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