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Thermoluminescence dating (TL) has been applied in natural sciences, particu-
larly in geology and geography, for more than 40 years.

The paper presents an outline of its history and the physical foundations of TL
dating. TL research methods have been changing over the years. The additive me-
thod was the fist to be used, followed by the total bleach method, regeneration
method and optically stimulated luminescence (OSL). These research methods are
discussed and schematically presented in diagrams. The paper ends with the presen-
tation of the Gdansk University TL Laboratory founded and managed by the aut-
hor since 1981.
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INTRODUCTION

The luminescence method is applied in natural scien-
ces, including geology and geography. It enables re-
searchers to determine the age of Quaternary depo-
sits from several thousand to several hundreds of
thousand years BP. This time span covers a large
part of the Quaternary. The method has the above
time limit due to the fact that when laboratories
examine deposits younger than thousand years and
older than 400,000-500,000 years BP, they find the
nonlinear characteristics of the amount of the ener-
gy stored. This fact may be a reason for any age
determination errors larger than the estimated 15%.

The development of luminescence methods (TL
and OSL), as well as their joint application provide
additional information on deposition conditions. In
2001, the TL Laboratory at the University of Gdafisk
started to examine samples from Lithuania. The first
results of a joint research on the Vilkiskés profile
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have already been published (Gaigalas, Fedorowicz,
2002). At present, further works are conducted on
the above-mentioned profile and on other bench
mark profiles from Lithuania. After they are com-
pleted, their results will be published in the journal
“Geologija”. They will certainly give an impetus to
the development of chronostratigraphic studies in
Lithuania.

HISTORY OF THE METHOD

Attempts to apply thermoluminescence dating (TL)
were undertaken in the fifties of the 20th century.
The first publication on this method was written by
Daniels (Daniels et al., 1953). In 1956, E. Zeller (Zel-
ler, Ronca, 1963) was the first to use the TL method
to determine the age of limestone rocks. At the be-
ginning of the sixties, N. Glogler, F. G. Hautermans
and H. Stauffer (Glogler et al., 1960) used the TL
method to date ceramic products, trying to determine
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when the product was burnt for the last time. The
above experiments were extensively developed in the
works of M. J. Aitken and M. Tite (Aitken, Tite, 1964).
Scientists who were involved in methodological works
at the end of the 60-s aimed at determining the age of
ceramic products include J. Bongfinioli (Bongfinioli,
1968), S.J. Fremlin (Fremlin, 1968), J. Kaufold and
W. Herr (Kaufold, Herr, 1971), ER. Siegel, J. E. Vaz,
L. Ronca, P. Juciano (Siegel et al., 1968). They con-
ducted extensive research to measure TL in clay mate-
rials. They found that the burning process reduces the
energy stored in the sample to the background level.
Observing the light of samples due to thermolumines-
cence, E. Zeller and L. Ronca (Zeller, Ronca, 1964)
noticed that maximum light was obtained at a tempe-
rature of 230 °C. They found that, both in archaeolo-
gical and geological samples, the temperature peak
changes together with the energy stored in the samp-
le. When J. K. Kaul, A. K. Bhattacharya, and P. Tol-
padi (Kaul et al., 1970) were studying thermolumines-
cence in quartz, they came to the conclusion that
quartz is the most pro-

mising mineral for spe-  E
cifying the absolute age

conduction band

the eighties and in the nineties, when new measure-
ment methods were created.

A related method was introduced in 1985. It was
called OSL (Optically Stimulated Luminescence) and
was authored by Huntley, Godfrey—Smith and The-
walt (Aitken, 1998).

Luminescence methods are based on fundamen-
tals of physics and physical phenomena.

Luminescence is a physical phenomenon consis-
ting in the emission of light by bodies. It results from
the return to the ground state of molecules or atoms
activated to higher electron states. A number of lumi-
nescence types are known. One of them is thermolu-
minescence (TL). Thermoluminescence is induced by
heating a substance to a temperature of ca. 500 °C.

BASICS OF LUMINESCENCE DATING

U-238, U-235 and Th-232 are the main radiation
components in the crust of the earth and at the
same time they form the beginning of the radio-

E conduction band

of ceramic products.
M. H. Bothner and
N. M. Johnson (Both-
ner, Johnson, 1969) o
conducted research
and dating of deep-sea
cores. |
The Ukrainian
scientist V. Shelkop- &

conduction band

lyas is regarded as the K.

pioneer of TL appli-
cations for geological
purposes (Shelkoplyas,
Morozov, 1965).

The TL method
has been used in Po-
land since the eigh-
ties of the 20th cen-

conduction band

tury. At that time
four TL laboratories
were opened succes-
sively at the Univer-
sity of Warsaw, Uni-
versity of Lublin
(Maria Curie-Skto-
dowska University),
University of Gdarsk
and the Silesian
Technical University
in Gliwice.

The TL method
developed further in

Fig. 1. Simplified structure of energy levels

in a crystal with ionising radiation energy

absorption and storage processes shown. A — initial state (equilibrium state). B — ionising
radiation delivers energy to an electron in the valence band and drives it to the conduc-
tion band. C — a hole in the valence band and an electron in the conduction band move
freely through the crystal lattice. D — final state: the electron has been trapped in the trap
center and the hole in the recombination center. Legend: E — electron energy, C — con-
duction band, V' - valence band, Ea — electron activation energy (trap depth with relation
to the bottom of conduction band) (Bluszcz, 2000)

1 pav. Energijos lygiy kristale supaprastinta struktiira su jonizuojancios radiacijos energijos
absorbcijos ir kaupimo procesy iSraiska. A — pradiné (pusiausvyros) biuklé, B — jonizuojan-
¢ios radiacijos energijos virtimas elektrony valentinéje juosteleje ir peréjimas j laidy sluoks-
nj, C - skyle valentiniame sluoksnyje ir elektronas laidZiame sluoksnyje juda laisvai per
kristalo gardele, D — galutiné buklé: elektronas patenka j gaudyklés centrg ir skylé¢ uzsi-
traukia. Sutartiniai Zenklai: E — elektrono energija, C — laidus sluoksnis, V' — valentinis
sluoksnis, Ea — elektrono aktyvacijos centras (gaudyklés gylis, priklausantis nuo laidaus
sluoksnio dugno padéties) (Bluszcz, 2000)
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active series. As a result of natural radioactive de-
cay, tens of radioisotopes and isotope K-40 come
into being in the crust of the earth. This radiation
produces energy that is absorbed by all the sub-
stances on the earth. The energy of natural radia-
tion is measurable in some substances by physical
methods.

The measure of energy absorbed by a given sub-
stance is called an absorbed radiation dose. It is
the ratio of radiation energy in a specific volume to
its mass. It is expressed in grays (1 Gy = 1J/ 1 kg).

The rate of radiation energy absorption is called a
dose rate and is expressed in 1 Gy/ 1 s. As regards TL
measurements, they are calculated in Gy/ thousand
years (Gy/ka).

According to the method assumptions, ionising
radiation intensity and dose rate are constant valu-
es due to a huge, billion-year period of partial iso-
tope decay which gives origin to natural radioactive
series.

The absorbed radiation dose (D) is directly pro-
portional to the dose rate (Dr) and time (t):

D = Dr t.

The absorbed energy is almost completely dissi-
pated in the form of heat. A small part of it can be
stored in the crystal lattice.

In real crystal, in the forbidden band between
the valence band and the conduction band, there
are local energy states connected with various de-
fects of the crystal lattice (Bluszcz, 2000) (Fig. 1).

Some of them may have a form of traps cat-
ching electrons from the conduction band and kee-
ping them for a long time until they receive activa-
tion energy for the conduction band. The state of a
crystal in which part of or all the traps are filled
with caught electrons is marked by an energy sur-
plus compared to the ground state (Bluszcz, 2000).

Such a surplus may be released by heating or
lighting. This way of energy liberation forms a basis
for the two luminescence methods: thermolumines-
cence (TL) and optically stimulated luminescence
(OSL).

The both methods are applied for dating geolo-
gical deposits and archaeological structures.

AGE OF QUATERNARY DEPOSITS

The age of Quaternary deposits may be determined
both via TL and OSL.

Prerequisites for determining the age of deposits
include exposure to solar radiation in the past and
heating of mineral grains.

30

Those two factors induce emptying of traps and
removal of any luminescence stored earlier. This pro-
cess is called optical bleaching or thermal bleaching.

Thermal bleaching up to the temperature of ca.
500 °C results in a total emptying of traps. Optical
bleaching does not cause such disappearance of elec-
trons from traps. Long optical bleaching (exposure
to solar radiation or ultraviolet lamp UV radiation)
does not reduce the energy stored in grains to zero.
Grains retain some energy which may not be get
rid of. This residue is called residual thermolumi-
nescence.

As regards luminescence methods, the age (T) is
determined according to the following formula:

_ ED
" Dr(ef)’

where ED is the equivalent dose and Dr (ef) is the
effective annual dose.

Analogous formulae are applied in TL and OSL
methods.

TL METHOD

Thermoluminescence is light emitted by crystalline,
natural and artificial substances when they are he-
ated to a temperature of ca. 500 °C. When a sub-
stance is heated to this temperature, electrons leave
traps and return to the valence band. This phase is
accompanied by emission of light. As a result, the
glow curve is measured (Fig. 2). It is a ratio of TL
intensity to temperature. The curve differs depending
on materials.

The energy released as glow (thermoluminescen-
ce) is proportional to the energy stored in the crys-
tal. The amount of thermoluminescence is measu-
rable. It is possible to specify both the absorbed
radiation dose and the time when it was absorbed.

temperaturs{l]

Fig. 2. Example of TL glow curve measured for quartz
gains
2 pav. Kvarco grudeliy jkaitinimo TL kreivés pavyzdys
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OSL METHOD

OSL (Optically Stimulated Luminescence) is lumi-
nescence that takes place as a result of material
lighting with the light of appropriately long waves.

Like the TL spectrum, the OSL spectrum is uni-
que for a given material. A scheme of optical acti-
vation process is presented in Fig. 3.

valence band

Fig. 3. Diagram showing optical activation and radiation
recombination processes leading to OSL emission (Bluszcz,
2000)

3 pav. OSL emisija lydincios optinés aktyvacijos ir radia-
cijos sukelty procesy diagrama (Bluszcz, 2000)

The intensity of luminescence decreases exponen-
tially to the time of stimulation. This process pre-
sents shine-down curves (Fig. 4).

The amount of luminescence emitted as a result
of optical activation is proportional to the number
of carriers stored in traps. Thus, it is possible to
determine the ionising radiation dose absorbed in
the material and hence the time when it was ab-
sorbed.

| me

Fig. 4. Example of OSL, shine-down curve from quartz
grains excited with green light of 514 nm wavelength
(Bluszcz 2000)
4 pav. Kvarco grudeliy $vytéjimo, sukelto Zalios Sviesos
514 nm bangy ilgio, zeméjancios kreivés OSL pavyzdys
(Bluszcz, 2000)

The OSL method significantly changed the me-
asurement of a dose absorbed in the deposit. Lumi-
nescence accompanying light-stimulated bleaching is
recorded directly. The OSL luminescence spectrum
is moved towards shorter waves compared to stimu-
lating radiation. Different stimulated lengths of wa-
ves are applied for respective minerals.

ED determination is simpler in the OSL method,
and the time required to determine ED is much
shorter than in the TL method.

DETERMINATION OF EQUIVALENT DOSE (ED)

A dose absorbed by mineral grains is determined
using laboratory means by comparing the natural
luminescence of grains extracted from the deposit
to the luminescence induced by absorption of a
known beta or gamma radiation dose in the labora-
tory conditions.

There are several methods of equivalent dose
calculation.

A. Additive method

This method allows for the determination of ED by
way of extrapolation. Grains extracted from the de-
posit are irradiated with specific doses. The amount
of ED is extrapolated on the extension of a func-
tion made up of measurement points. The resulting
curve may be a linear or exponential function
(Fig. 5). This method is limited, because it may be
applied only if initial thermoluminescence is zero;
only burnt materials may have this value.

Laboratory dose absorbed

Fig. 5. Tllustration of the additive method of equivalent
dose determination
5 pav. Ekvivalentinés dozés nustatymo jterpimo metodu

pavyzdys

B. Total bleach method

Separated grains are subjected to a long exposure
to light (bleaching). It causes a reduction of natural
luminescence to the level of residual thermolumi-
nescence (TLo). ED is reduced (Fig. 6). This me-
thod may be applied for deposits formed under long-
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Laboratory dose absorbed

Fig. 6. Illustration of the total bleach method of equi-
valent dose determination

6 pav. Ekvivalentinés dozés nustatymo visisko iSblukinimo
metodu pavyzdys

-term exposure to solar radiation (e.g., dune sands
or Aeolian sands).

C. Regeneration method

Separated quartz grains are first bleached and then
irradiated with specific doses of gamma or beta ra-
diation. And this is how the increase of signal may
be regenerated with the absorbed dose (Fig. 7).
A certain modification of the regeneration method
is achieved by the simultaneous application of the
regeneration method and the additive method, which
jointly also check the sensitivity of grains. Analysis
correctness is verified by the plateau test.

The plateau test is an ED diagram from the glow
temperature (Fig. 8). It allows for a correct deter-
mination of the initial TL value for a deposit. The
diagram is made on the basis of the glow curve
measured. ED values are minor at first; then they
grow and stabilise above 300 °C to finally reach a
constant value (plateau). Further calculations should
be based on the ED as read out from the diagram.
Another method to verify the correctness of analy-
sis is to examine quartz and feldspar at the same

Laboratory dose absorbed

Fig. 7. Illustration of the regeneration method
7 pav. Atstatomojo metodo pavyzdys
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Fig. 8. Example of ED dependence on glow curve tem-
perature exhibiting a characteristic plateau

8 pav. ED priklausomybés nuo jkaitinimo temperattros
ploksciavir§ineés kreivés pavyzdys

time. The deposit may often contain quartz and feld-
spar minerals. Both minerals show different suscep-
tibility to bleaching (feldspar grains lose thermolu-
minescence at a faster rate). Both minerals should
be bleached in the same conditions, and the time
of bleaching should be selected so as to ensure that
its effect is the same for the both minerals.

DOSE RATE MEASUREMENTS (DR)

There are several methods to calculate the dose rate.
Most popular are TL dosimetry and gamma radia-
tion spectrometry.

In respect of TL dosimetry, special dosimeters
made of LiF, CaF2, AI203 are placed directly in
the deposit to be examined for a precisely defined
period of time (e.g., a year).

Gamma radiation spectrometry is based on the
scintillating spectrometer. It calculates the dose rate
of alpha, beta and gamma radiation from radioacti-
ve isotopes U, Th, K. A number of calculation for-
mulae are used to determine dose rates for respec-
tive radiation types.

The total effective dose rate is a sum of all ty-
pes of doses and cosmic radiation dose.

Spectrometric measurement of dose rate is con-
ducted on a dried sample. Calculations are based
on formulae that take account of sample humidity
(Aitken, Xie, 1985).

Important information for TL and OSL users

The following deposits may be used for TL and
OSL dating:
— Aeolian deposits (loess and dune sands)
— sand deposits (beach sands and fluvial sands)
— calcite dripstone.
The following materials are not useful for dating:
— fluvioglacial sands
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— glacial till and boulder clay

— landslide deposits.

The latter’s lack of application results from the
fact that during their deposition mineral grains we-
re not exposed to solar radiation. Some research
was conducted to date those deposits but its results
are questionable.

In the case of such deposits, dating results should
be treated as an indicator, not as an absolute date.
Some methodological research was carried out to
determine how much of grain energy decreases dur-
ing transport and how the freezing and defreezing
processes impact energy decrease (Fedorowicz, 1998).

The way how the method’s usefulness is evalua-
ted by its users was analysed among those who re-
ceived TL dating results from the Gdansk Univer-
sity laboratory in 1998.

The above finding was confirmed by the users:
the best results were obtained for Aeolian deposits,
while the worst for boulder clays (Fedorowicz, 1998).

Furthermore, the following information con-
cerning the collection of samples for luminescence
dating may be vital for method users:

— samples should be collected from geologically
well-identified profiles

— the researcher should avoid collecting single
samples (it is recommended to collect a larger num-
ber of samples in the vertical or horizontal profile)

— better samples are received from an open pit
than from drilling (possibility of mixing with foreign
material)

— when samples are to be collected from an ex-
posure, it is necessary to remove the external layer
of the deposit to a depth of a dozen or so centi-
metres

— the deposit collected should be well protected
against exposure to solar radiation (black packaging).

TL Laboratory at the University of Gdansk

The Gdansk Laboratory has been operating since
1981. It was created from scratch by the author of
this article. Since that time we have already replaced
the equipment that was installed 20 years ago. That
equipment was completely used up. At present the
Laboratory has the following equipment at its dis-
posal:

— two spectrometers (MAZAR and TUKAN)

— reader-analyser (RA 770A).

TL MEASUREMENT METHODOLOGY

As regards a deposit obtained for examination, first
its humidity is measured and next it is dried at room
temperature.

Dose rate measurement (Dr)

A dried deposit undergoes spectrometric measure-
ment of U, Th, K. The deposit is put into a plastic
Marinelli-type container with a volume of 0.5 cu. dm
or 1.5 cu. dm (depending on the volume of the
sample to be examined) and placed in the protec-
tive chamber of one of the two spectrometers. Twen-
ty measurements of 2,000 s each are conducted. The
values obtained with U-238, Th-232 and K-40 are
calculated into rate doses for alpha, beta and gam-
ma radiation and adjusted by deposit humidity as
measured earlier. A cosmic radiation dose (dc) is
added to such dose rates of alpha, beta and gamma
radiation. This dose decreases with the depth from
0.15 Gy/ka on the land surface to 0 at a depth of
ca. 8 m. The Dr measurement error range is ca.
3%.

Equivalent dose measurement (ED)

A fraction of 80-100-micrometer grains is separated
from the entire sample. Grains separated with the
sieve method undergo initial extraction. The aim of
initial extraction is to remove the external layer from
quartz grains and to clean the external surface of
grains. Grains are treated with 10% HCl and HF
acids for 1 hour. Samples are next washed with dis-
tilled water and dried at room temperature. The
dried sample weighs ca. 2 g. Then it is divided into
a number of portions. All the portions of extracted
grains will be used to measure ED by the regene-
ration method.

The first portion is used to measure natural ther-
moluminescence (NTL), while the remaining part
of extracted grains is exposed to ultraviolet lamp
(UV). During one day the UV lamp reduces the
stored energy of grains to the lowest level, i.e. the
so-called residual thermoluminescence (TLo). Thus
zeroed material is divided into a number (at least
5) of portions. The first portion is used for the
measurement of the above-mentioned residual ther-
moluminescence, while the remaining portions are
exposed to gamma rays from a cobalt bomb of the
parameters ensuring that they regenerate the ener-
gy stored when the sample was in the bed.

Ten to 10-20 diagrams of the glow curve are
made for each portion of extracted grains. The pla-
teau test is also conducted for verification purposes
and is also checked if the sample is not in satura-
ted condition. The error range of ED measurements
is estimated at 10%.

ED measurements are made with the use of
770 A a reader-analyser. Samples are heated up
to a temperature of 500 °C at a heatup rate of
8 degrees/s.
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g

Fig. 9. A diagram showing the dating by thermolumines-
cence measurement

9 pav. Termoliuminescenciniu matavimu paremto datavi-
mo diagrama

A scheme of dating is presented in Fig. 9.
The TL age is a quotient of ED and Dr. The
error range of the method is estimated at 15%.

PERSPECTIVES

The Gdansk Laboratory has conducted 5,500 da-
tings during its existence. The rest of Polish labora-
tories carried out a similar number of analyses. The-
refore, nearly 20,000 datings were made in Poland;
this number is still much higher in the world. As
far as Poland is concerned, some of these analyses
were made for geological purposes. The largest num-
bers of dates were applied for compiling detailed
geological maps of Poland. Dates were also used in
numerous geological and geographical studies.

All the Polish laboratories use different prepara-
tions for dating, research methods, applications of
measuring devices. This fact often explains the dis-
crepancy of the results. Only a few interlaboratory
comparative works have been undertaken. This fact
does not facilitate comparison and use of results in
joint studies. It would be perfect if such interlabo-
ratory collaboration were established.

Luminescence dating is also influenced by the
development of new research methods. It is impor-
tant to correlate radiometric methods which are of-
ten applied in profiles (TL, OSL, ESR, C-14).

Each result of dating provides additional infor-
mation; conclusions should be drawn from nume-
rous datings, however, with regard to assumptions
and possibilities of the methods applied. It should
be borne in mind that before collecting the sam-
ples, results of earlier research and geological and
botanical surveys should be first studied, and not
vice versa.
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Stanistawas Fedorowiczius

TERMOLIUMINESCENCIJOS METODAS: ISTORINE
APZVALGA, PAGRINDAI IR PRINCIPAI, GALIMYBES,
PERSPEKTYVOS IR RIBOTUMAS

Santrauka

Termoliuminescencinis datavimas (TL) naudojamas gamtos
moksluose — visy pirma geologijoje ir geografijoje jau dau-
giau negu keturiasdeSimt mety. Straipsnyje apzvelgiama
metodo atsiradimo istorija ir TL datavimo fizikiniai pagrin-
dai. Termoliuminescencijos matavimo metodai laikui bégant
keitési. Pirmiausia naudotas adityvinis metodas, véliau — vi-
siSko iSbalinimo, atkiirimo ir optiSkai stimuliuotos liumines-
cencijos (OSL). Siuos metodus autorius nagrinéja ir sche-
matizuoja diagramose. Autorius atstovauja Gdansko univer-
siteto laboratorijai, kuria pats sukiire ir joje dirba nuo 1981
metuy.

Cranucias ®enoposny

TEPMOJIIOMUHECLEHTHBIA METO/I;
UCTOPUYECKHI OYEPK, OCHOBBI U
INPUHIIUIIBI, BO3MOXHOCTU,
INEPCIIEKTUBBI 1 OT'PAHUYEHUS

Peswowme

TepmomomuuecienTHRIe gatupoBanHusg (TL) mcmoms-
3YIOTCSl B €CTECTBEHHBIX HayKaX, MpexkaIe BCEro B reoJio-
ruu u reorpadum, yxe copok ier. B craTbe mpen-
CTaBJICHBl MCTOPHYCCKUI OYEpK METOMa, a Takxke (u-
3UYEeCKHe OCHOBBI naTupoBanust TL.

Metonbl U3MEPEHUS JTIIOMUHECUEHLIUH MEHSUIHCH C
TeueHHeM BpeMeHH. I1epBBIf — MeTOn aaqUTHBHBIN,
CIeAyIoIINe METOIbl — COBEPIIEHHOro OTOennBaHus,
BOCIIPOM3BEACHUS W METOJA ONTHYECKH CTHUMYIHPOBAH-
Hoii moMuHecueHuuu (OSL). ABTopom HacTosIel
CTaTBH 3TH METOIBI M OOCYXHAIOTCS, a TaKXKe CXeMaTH-
3UPOBAaHbl HA JUArpaMMax.

ABTOp TpencTaBiseT jdabopatopuro I'maHbCcKOTO
YHUBEPCUTETA, KOTOPYIO ocHoBal u ¢ 1981 r. mpoBoaut
B HEH HccenoBaTenbckue paboThI.

35



