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FEATURES OF APPLICATION OF THE THERMOLUMINESCENT METHOD
FOR DATING

To determine the age of geological rocks, we studied the
thermoluminescence of the natural light sum stored as a result of uncontrolled
radioactive radiation, as well as after annealing and exposure to a controlled
irradiation dose. The magnitude of the stored light sum was determined from the
area under the curve of thermoluminescence. It is shown that the
thermoluminescent method allows to accurately determine the age of geological

objects and can find practical application for creating sensors of dating.

1. INTRODUCTION
Thermally stimulated luminescence (TSL) is used in radiation dosimetry to

determine the age of archaeological ceramics and geological rocks [1-3]. Since the
luminescence is very sensitive to the defects in a solid, it can also be used in
material research. The TSL method of dating ceramics and geological objects is
based on the fact that, under the action of radioactive radiation of a number of
elements in the earth's crust, the light sum is accumulated by the objects under
study. The process of storing non-equilibrium charge carriers occurs at local
capture levels in dielectrics under the action of ionizing radiation from natural
radionuclides contained in the dating object [1,4]. During heat treatment of
ceramics (880-980 K), quartz contained in it loses all its previously accumulated

light sum, the accumulation of which occurred since the formation of quartz as a



mineral. Thus, when dating by the thermoluminescent method, a zero-moment is
realized, which is undoubtedly the main advantage of this method.

After storing the light sum with the subsequent heating, this energy is
released in the form of TSL. The magnitude of the stored light sum is determined
by the properties of the samples investigated: porosity, the content of quartz in
them, and the dose power received by them. The content of quartz is fundamentally
important, therefore, the application of this method is limited only to those periods,
the geological history of which is inherent to quartz-stone. The technique and
interpretation of the results of the thermoluminescent method differ for different
groups of researchers, that is, they are under development, so the research topic is
very relevant.

2. Thermoluminescence excited by interaction with water vapor

The use of the TSL method is based on the assumption that the accumulation
of the light sum occurs only as a result of the exposure of the test samples to the
elements of the geological environment by radiation of the natural radiation
background. However, as is well known, the accumulation of a light sum by a
number of solids can occur without exposure to ionizing radiation as a result of
their interaction with water [5-7]. In this case, the accumulation of the light sum
occurs near the surface of a solid. The value of the stored light sum is determined
by the value of its specific surface, its state and the nature of the substance itself.

The storage process of the light sum is due to the formation of radical ions,
in particular, during the dissociation of water, and their adsorption on the
catalytically active centers of the solid surface [7]. Radical ions can come to the
surface from the environment, or form on the catalytically active surface of a solid
as a result of dissociation of the adsorbent. The amount of stored light sum is
determined mainly by the number of centers on the surface of a solid on which
radical ions can adsorb, creating complexes of adsorption nature that perform the
functions of traps filled with electrons.

The process of storing the light sum often ends within a few days, but

sometimes it takes much longer to complete. The light sum stored in this way is



determined only by the properties and state of the solid surface, while the light sum
accumulated under the action of radioactive radiation is due to the processes
occurring in its bulk and is determined by the presence of both emission centers
and electron traps in the substance under study. Therefore, “surface” luminescence
can also manifest itself in the case when the usual “bulk” thermoluminescence is
absent. Obviously, the existence of both types of thermoluminescence is also
possible. The ratio of their intensities is determined by the nature of the substance,
the impurities in it, the value of the specific surface and its properties, the
conditions of its keeping, the magnitude of the radiation dose received and its
nature.

The presence of such a “surface” thermoluminescence should lead to
overestimated values of the rock age, however, it is not taken into account in any
way when dating geological objects. It is precisely because of the presence of
“surface” thermoluminescence that, apparently, the age of rocks, determined by the
authors in the work by the thermoluminescent method [8], is often 1,5+2 times
their age, determined by the radiocarbon method. It is the “surface” component of
thermoluminescence that 1is apparently due to the course of ‘“natural”
thermoluminescence of granite in [9], the position of the maximum of which on the
temperature scale differs significantly from the position of the maxima of
“artificial” thermoluminescence stimulated by X-rays and irradiation in a nuclear
reactor. This difference was interpreted by the author in favor of assuming that
thermoluminescent dating is not applicable in this case. In our opinion, this fact is
a manifestation of the influence of various types of centers (surface and bulk) on
TSL.

Obviously, the presence of “surface” thermoluminescence is largely due to
the large difference observed in [10] in the intensities of the ‘“natural”
thermoluminescence peaks of apatite within the same array. Indeed, the intensity of
“surface” thermoluminescence is determined by the state of the surface, which, in
turn, depends significantly on the conditions of the sample, which, of course,

within the same array in different parts of it. It is precisely the accumulation of the



light sum by the surface of the samples that apparently caused the spontaneous
recovery observed in the same work with the thermoluminescence time of the
samples after their calcination.

Thermoluminescent dating method is also used in archeology to determine
the age of ceramics [1,2,10,11]. The method is based on the application for dating
quartz, extracted from or contained in ceramics. As with dating in geology, it is
believed that the light sum is stored only as a result of irradiation of samples with
radioactive radiation. However, usually on quartz, as well as on ceramics, the
surface is very strongly developed. The specific surface is often tens and hundreds
of square meters per 1 g of substance. Since there are usually 10 centers per 1 cm?
of the surface of a solid, capable of performing the functions of traps filled with
electrons (complexes of adsorption nature), there will be 10'°in 1g of such centers.
Provided that impurities capable of performing the functions of deep electron traps
in the bulk of a solid body are ~ 1072, we find that the number of such centers per
gram of substance is 10*°.

Thus, the numbers of both types of centers can be commensurate, and in
some cases the number of surface centers can significantly exceed the number of
bulk centers. Accordingly, the intensity of the "surface” luminescence is
commensurate with the intensity of the "bulk". Since the use of the
thermoluminescent method assumes the presence of only “bulk”
thermoluminescence, while the total is recorded, it is obvious that a significant
error is possible when dating in this way, and therefore, just like when dating
geological objects, it is necessary to take into account the “surface” component of
luminescence.

The given examples testify to the manifestation of the “surface” component
of thermoluminescence in a number of geological objects and indicate the need to
take it into account when dating by the thermoluminescent method. The spectral
composition of the luminescence that arises when the light sum stored as a result of
exposure to water is determined by the luminescence centers located near the

surface of the samples. These centers can also be largely associated with the



adsorption of water. The spectral composition of the luminescence arising from the
thermoluminescence of the light sum stored during radioactive irradiation is
determined mainly by the luminescence centers located in the sample volume.
Such centers can be impurities of a number of metals, lattice structure defects, etc.

Thus, since the nature of the centers responsible for the emission of
“surface” and “volume” luminescence may be different, the spectra of these two
types of luminescence may also differ. The aim of the work was to study the
spectral composition of "natural™ thermoluminescence induced by radioactive
radiation and thermoluminescence excited when interacting with water. Such
information may provide additional information for determining the age of

geological rocks.
3. EXPERIMENTAL
Taking into account the above considerations on the role of water and the

surface component of luminescence, the method [8-11] of thermoluminescent
dating can be somewhat changed. At the first stage, the curve of
thermoluminescence of a prepared archaeological or mineralogical object should
be removed. The area under the curve of thermoluminescence gives the value of
the natural light sum, accumulated as a result of uncontrolled radioactive radiation.
At the second stage, the previously highlighted sample is heated at a temperature
of 970-1070 K to erase the remnants of the progenetic amount, which could remain
unreleased as a result of the previous measurement. Since thermostimulated
luminescence associated with surface states is strongly influenced by the products
of the dissociation of water and some other inorganic substances, such a
measurement should be carried out in a vacuum, atmosphere of dry air or inert
gases. At the third stage, the sample is exposed to a controlled dose of radiation,
after which thermoluminescence is again performed. All studies known to us at this
stage were carried out without isolating the samples from moisture, as a result of
which the latter, together with the irradiation, stored the light sum. It gave the
overestimated value of the total light sum and, as a result, the overestimated age of

the rocks. Comparing the light sum, obtained under the action of natural



uncontrolled irradiation and controlled dose, you can determine the age of the
sample.
It is known that the intensity of thermoluminescence is proportional to the

radiation dose [12]:

e = CP L
P,— natural dose power (natural background), t, - age of geological rocks, C-
constant, independent of the power and time of exposure. Similarly, the intensity of

the TSL, which is observed as a result of irradiation with a controlled dose of
radiation, is induced by the TSL.:

lig = CPyt,
where P,is the dose power control, t, is the exposure time C — constant, which

does not depend on the power and time of exposure. Hence the age of the rocks:
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The accuracy of dating is determined by both the accuracy of the method and the
possibility of the temporary separation of various geological rocks. The accuracy
of the TSL method is quite high [13,14]. The possibility of temporary separation of
various rocks is determined by geological laws and is not less than 200-300 years.

We carried out thermoluminescent dating of quartz samples. Quartz was
chosen for the reason that, being a mineral, it is also present in archaeological
samples and, moreover, as can be seen from the previous one, due to the presence
of quartz, the thermally stimulated dating of archaeological rocks is possible.

By the method of wet sieve analysis, fractions of 100-140 um in size were
determined from quartz rock sediments previously identified by radiocarbon
analysis with different periods of the quaternary period. Quartz was extracted by
mineral separation in heavy liquids (bromoform). Degree of purity is 98-99%.
Surface cleaning from contamination was carried out by processing in a 10%
HF + HCI solution for 10 minutes. The obtained samples were pressed into tablets

with a diameter of 12 mm and a thickness of 2 mm.



For measurements, a standard thermoluminescent installation was used in
the integral sensitivity mode (the signal was amplified by an IMT-005 direct
current meter and fed to one of the coordinates of the recording device). The
temperature was measured using a copper - constantan thermocouple with an
accuracy of 10K and was fed to another coordinate of the recording device (PDP-
001). The heating rate was 0,3 K/min. The working volume of the chamber in
which the thermolumination was carried out was hermetically sealed and purged

with vapors of dry air, the humidity level in which did not exceed 0.05%. The

source of exposure was cobalt ®Co (power 0,15 x-ray / s). The measurements
were carried out in the temperature range from 320-600 K. The curves of

thermoluminescence are shown in fig. 1.
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Fig.1. Curves of thermoluminescence of samples: 1) the intensity of the
natural light sum stored as a result of uncontrolled radioactive radiation; 2) the
intensity of the light sum after heating at a temperature of 970-1070 K and the

effects of a controlled dose of radiation.
4. RESULTS AND DISCUSSION



It can be seen that all samples are characterized by peaks in the range of
500-525 K and about 580 K, which correspond to peaks of quartz and calcite. For
samples exposed to a controlled dose of radiation, the intensity of the light sum
increased and an additional peak appeared at a temperature of 400 K. The total
value of the stored light sum was determined by the area under the curve of
thermoluminescence. The age of the rocks was determined similarly to the formula
given above:
lica Dac

L =
' Iind Dan

The annual dose of radioactive radiation included in this formula D, ,was

determined by the value of the natural background radiation. The accumulated dose
D, was determined taking into account the power of the source. lia — the

intensity controlled radiation dose rate (induced TSL), li,. — the intensity of the

uncontrolled radiation dose (natural background).

The age estimate taking into account the experimental data obtained is
2,6-10“years. The radiocarbon analysis of the same sample gives 2,1-10*the age of
years. A good agreement of the results obtained by two different methods may
indicate the validity of the assumption that the coefficient of proportionality is
constant between the intensity of the TSL and the radiation dose power. This
circumstance indicates the possibility of practical application of the samples under
study to create dating sensors.

To determine the age of geological rocks, we studied the
thermoluminescence of the natural light sum stored as a result of uncontrolled
radioactive radiation, as well as after warming up and exposure to a controlled
irradiation dose. A good agreement was obtained between the results obtained by
thermoluminescent and radiocarbon methods. It is shown that the discrepancy
between the results obtained by these methods is less than that given by other
authors. Obviously, this improvement was due to the inclusion of the “surface”

component of thermoluminescence. The above dating method allows you to



accurately determine the age of geological and archaeological objects and can find

practical application for creating dating sensors.
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OCOBEHHOCTH MPUMEHEHHSI TEPMOJIOMUHECLEHTHOI' O
METO/IA /151 JATUPOBAHMS

I[J'ISI OIIpCACICHNA BO3pacTa I'COJOIrHYCCKHUX ITOPOJ IPOBECACHO HM3YUCHHC
TCPMOBBICBCUYHBAHNA €CTECTBEHHOU CBCTOCYMMBI, 3allaCEHHON B pe3yIbTaTe
HCKOHTPOJIHUPYEMOI'O PAAMOAKTUBHOI'O H3JIYUCHHA, a4 TAKKC IIOCJIC IIPOTrpeBa H
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BO3/ICICTBUSL KOHTPOJUpPYEMOM [03bl 0ONMyueHus. BenuunHa 3amaceHHOMN
CBETOCYMMBI OIIPEAEIAIach IO IUIOMAAU II0J KPUBOM TEPMOBBICBEUHMBAHMS.
[loka3aHO, YTO TEPMOJIIOMUHECLICHTHBIA METOJ MO3BOJIIET JOCTATOYHO TOYHO
OIIPENENATh BO3PACT IE€OJIOTUYECKUX OOBEKTOB M MOYKET HAWTH NPAaKTHUYECKOE
IIPUMEHEHUE IS CO3[JaHUsI CEHCOPOB JaTUPOBAaHUS.

KiroueBble  cil0OBa:  TEPMOJIFOMHUHECLEHTHBI  METOX, JaTUPOBAHME,
3aI1aCcaHre CBETOCYMMBI, TEPMOBBICBEUMBAHHUE.
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OCOBJIMBOCTI 3BACTOCYBAHHA
TEPMOJJIIOMUHECIHEHTHOI'O METOAY JJIAA JATYBAHHA

JUiss  BU3HAa4Y€HHs BIKY TIEOJIOTIYHMX TIOpiJ MPOBEAECHO BHUBYEHHS
TEPMOBUCBITIIEHHSI MPUPOJHOI  CBITJIOCYMH, IO 3alaceHa B pe3yJIbTari
HEKOHTPOJIbOBAHOTO PAJ10AKTUBHOTO BUIPOMIHIOBAHHS, @ TAKOXK IICJIS IPOTPIBY 1
BIIUBY KOHTPOJIbOBAHOI J03M ONpPOMiIHEHHsA. BennumHa 3amaceHoi CBITIOCYMHU
BU3HAYajlacd 3a IUIOLICI0 TIJ KpUBOK TepMOBHCBITIEHHS. [lokazanHo, 110
TEPMOJIFOMIHECHEHTHUM ~ METOJ JI03BOJISIE JOCUTh TOYHO BH3HAYaTHU BIK
reoJIOTIYHUX O00'€KTIB 1 MOKE 3HAWTHU MPAKTHUYHE 3aCTOCYBAHHS JIJIi CTBOPEHHS
CEHCOpIB JIaTyBaHHS.

KirouoBi ci0Ba: TEpMONIOMIHECHIEHTHUN METOJ, AAaTyBaHHS, 3alacaHHs
CBITJIOCYMH, TEPMOBHCBITICHHS.
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