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Regression analysis of exponential palaeodose growth curves

V. Poljakov and G. Hiitt

Institute of Geology, Estonian Academy of Sciences, Estonia pst.7, Tallinn 200101, ESSR, USSR.

When using palacodosimetric dating methods, laboratory
reconstruction of the palaeodose poses a key problem.
As a rule, it is solved by the additive dose method, with
extrapolation of the resulting experimental curve
towards intersection with the x-axis. Given an
experimental set of data (1)

(0.5 = 10Dy ix 1, ) o

where Dy is the laboratory additive does, and I(Dp) the
intensity of the TL peak or ESR spectrum signal,
reconstruction of the accumulated dose DN is realised
through a statistical regression analysis. This assumes
optimum choice of the regressional functional
dependence.

Supposing that fading involves a first order thermally
activated process, the solving of the kinetic equations
leads to the following functional shape for the
intensity-dose relation (Hutt and Smirnov, 1982):

I(Dp) =T, [1-e-B(DN+DA)] @

where I, and B are the parameters characterising the
palaco-dosimeter. Thus, (1) and (2) represent a non-
linear three-parameter regression model I, B, Dy are the
parameters to be estimated.

It would be more convenient to perform the regression
analysis rewriting the equation (2) in the following way:

y(x) = a + be*
where x = Dy and y(x) = I(Dy).

From the condition y(-Dy) = 0 we obtain the value of
the accumulated dose:

Dy=gln(-2)
The final model may be expressed as follows
yi=f(8; x))+¢, i=1,..n
where yj is the dependent variable, 8 = (a,b,c} is the

estimated parameter vector, x; is the independent

variable, and € is the random deviation vector. It is also
assumed that x; is error-free and that the random
deviations are of normal distribution and uncorrelated,

ie. cov (&) ~ N(3, 21).

The parameters a, b, ¢ are estimated using the least
squares method, when optimal choice of these
parameters 8 = {a, b ¢} is determined by minimization
of

n
S@b,c; xy) = % (yi-a-bexi)?
i=1
The linearised Newton-Gauss method of minimization
of S(3; x;,y;) is known from the literature (Berger et al,
1987). However, the linearisation procedure has some
disadvantages. In some cases it leads to a slow

convergence of the iterative processes and even to
divergence.

The present paper proposes a straight minimisation
method of S(8; x;,y;) by solving of the corresponding
system of normal equations:

das __n 2(y~-Aa—f)c°Xi)=0
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. (3)

From the first two equations of the system (3) we have:
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Inserting (4) into the third equation of the system (3) we
obtain the equation for C:

F@,b,&;%,y) = 0 ®)

Non-linear equation (5) can be solved numerically by
means of the Newton-Raphson iteration method:
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Ck = (‘4(-1 - F'(,él(.l) »
where ¢, is the initial approximation and

9F  OF 9a  9F ab
FO =3+ 2% 5t b a

Calculating the derivatives included in F'(Ck.1) by means
of the system of equations (4) we entirely determine the
calculation scheme of the iterative procedure. The
termination of the iterative process (6) is based on the
natural proximity condition of consequent estimates for
c:

| (é](‘) - (él('-x) I<e

The proposed calculation scheme is realised in the form
of a BASIC programme. The working results of the
programme are presented in the figure, where the
regression dependence is shown by the solid line, and
the experimental data by dots.

A lincarised procedure for the approximate estimation of
error in the accumulated dose can be carried out in the
following way. Denoting with V(y;) the variance of y;:

m .
V(yl) z yu yl 1= 1, JOT

where ¥;

my
=L 3 y-y? i=1 .
m; & )

and m; is the number of repeated measurements of value
yi. Writing the accumulated dose in a Taylor series in

powers of 3y;=y; - ¥i, and confining ourselves to
linear terms:

(afaa of db afac

ox = & Gady tabay T acay e O

f=py=11n (D),

a=a(xpy;), b=bxyyD, ¢=cXpyis
= f(a,b,c) - f@, b, &)

and the derivatives of function f are determined at the
point of

8= (409D (i 30, & (x5, 5D ).

A linearized procedure for the approximation estimate of
error in the accumulated dose can be acrried out by using
the law of propagation of errors (Mandel, 1964):

L,y b Dy 2

& (dDy da
( db dy; Jc  dy;

VOO=3 (55,

2
j V)
i=1
where V(Dy) is the variance of Dy and V(y;) is the
variance in the value of y; evaluated using replicate
measurements at the same dose x;.
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E-mail Address update

Michael Short of the Radioisotope Unit, Hong Kong writes to inform AnTL subscribers that the Laboratory may now
be reached via BITNET using the following address:
HRXRSMA @HKUCC.BITNET

Meetings
6th International Specialist Seminar on TL and ESR Dating. 2-6 July 1990, Clermont Ferrand, France.
Further details: TL+ESR, Lab. de Physique Corpusculaire, F-63177 Aubiere, Cedex, France.

5th Nordic Conference on the Application of Scientific Methods in Archaeology. Stockholm 20-24
September 1990.
Further details: Stockholms Universitet, Arkeologiska Forskningslaboratoriet, Greens Villa, S-106 91 Stockholm.

Time and Environment - A PACT Seminar, Helsinki, Finland September. 25-28 1990
Further details: The Dating laboratory, University of Helsinki, Snellmaninkatu, Finland.

NB All of the above meetings are now in the final stages of preparation.
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Date List

1. This list includes dates for fired materials of
archaeological interest, submitted to Ancient TL
during 1989 for which sufficient information has
been supplied. Readers are referred to earlier issues
of the Date List for a fuller description of the
structure of entries.

2. Application forms are available from the Editor,
who will be pleased to advise on data compilation;
laboratories wishing to submit dates for which the
current date entry specification is not suitable

March 1990 Issue 3

should write to him. The application forms may
be supplied on either paper or magnetic media.

3. A separate summary of all Part 1 entries published
so far will be available for general archaeological
circulation during 1990.

4. A specification for Luminescence Sediment Age
entries is now being formulated. Suggestions for
the form of the Entry Specification are welcomed
and should be sent to to the Editor by 1st May
1990.

Laboratory: [name ]

Date Entry Specification

Entry: [entry number ]

Site: [Name ]

Location: [Region, country ]

Grid Ref.: [National map reference ]

Site Description: [Brief description of period and nature of site ]

Dates/Ages:

[Type 1 [Type ] [Lab. abbrev.]
| | |

Context Date
Single Age 800 AD * |50 (Dur87TLfg)

[Overall error]

Lab. Ref. Material Archaeological Ref.

100-1/6 pottery ABC-la

[Context reference]

[Test year] [Technique]
[Sample ref.]
[Dated material ]

— TL Context Components.: [Details of component TL dates/ages used to derive Context Date/Age] ——

Archaeological Evidence: [Excavator’s brief description of context(s) ]
Site Director: [Full name and institutional postal address |
Reports: {Details of excavation and laboratory reports ]
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PART 11

Section A. TL Measurements

1. min.([mineral ]) tech.( [techniquel; [grain size range, gsr ] um)

Data tabulated for each sample:
2. P=[value] +s.e. Gy 2a. I/P = [value] 3. Slopes [2nd/1st; [value] * s.e. ]

4. [Type of plateau ] Plateau [ * [value] %; [T;-T5]]

4a. Peak [ @ [value] °C ; [heating ratel°fs; [pre-heat details if applicable]
5. Stability[ [interval, T; - T, ]; [period 1; [storage T °C 1; [result ; [value] * [value]%] ]

a value = [value] , or b value = [value]

Section B. Dose-rate Measurements

Data tabulated for each sample:
1. Total Effective Dose-rate = [value] * s.e. mGy/a [ & = [value]% [method ];
B = [valuel% [method 1; = [value] % [method 1; cos(mic) = [value] % [method ] ]
2. Radon [ * [value 1 % [method ] ]
3. Water [ Sample ( [value] * s.e. %); (Burial) Environment ( [value] * s.e. %) ]

Section C. Error [ [Procedure : eA76 or specify other] ]

Data tabulated for each sample:

Section D. TL Age Special Remarks: [Details of entries
with * or any other additional information]

TL Age[ * [random error 1; + [overall accuracy ] ]

KEY TO ABBREVIATIONS

STANDARD METHODS/TECHNIQUES/PROCEDURES

i Inclusion pd Pre-dose a Plat  Age plateau
fg Fine-grain MA Multiple activation d Plat  Dose plateau
mmi Multi-mineral ADD Additive dose proc. s Plat TL Signal plateau
Sb Sensitivity baseline
o-c Alpha counting FPh Flame Photometry TLD TL dosimetry
AAS Atomic absorption NAA Neutron Activation Analysis XRF X-ray fluorescence
B-c Beta counting PXE PIXTE
CAP Capsule SPEC Spectrometer (SpEC = portable)
Non-standard AutoR  Auto regeneration PTTL Photo-transferred TL

MINERALS & ETC.

Other

Not applicable
Equivalent to
(used as prefix)
Year

cal Calcite Nf Sodium feldspar *

ft Flint P Polymineral

f Feldspar q Quartz e

Af Unsep. alkali feldspar z Zircon

Kf Potassium feldspar por Porcelain a
Terms: I, P, a,b, A, SN, So, TAC:  as defined in the literature.

Copyright © 1990 Ancient TL Date List ISSN 0735-1348

Date List entries may be reproduced on the understanding that the source is acknowledged
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