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The low background nuclear physics techniques were used for measure age geologic samples of micas (biotite,
lepidolite, muscovite, phlogopite) by means of detection a gamma radiation from radioisotopes. The nuclear reac-
tions ¥Sr(y,y")*™Sr, *Rb(y,n)**Rb and *Rb(y,n)*Rb was used. Application of a braking radiation of the powerful ac-
celerator of electrons has allowed simultaneously to measure an element composition of samples. The age of biotite
from the deposit Stankovatskoe (Ukraine) was measured that corresponds an inhering lithium pegmatites of the
Kirovograd block of the Ukrainian Shield to relevant global paleoproterozoic metallogenic episode by age 2.4[1

10° years.
PACS numbers: 29.17. + w, 28.41Kw

INTRODUCTION

The many radioisotopes of different genesis of Earth
are known: the first natural radionuclides and their
products of decay, cosmogony radionuclides, radionuc-
lides of an anthropogenous genesis. The special proper-
ties of radionuclides allow to use it as tracer and geo-
chronometers of different processes, from a nucleosyn-
thesis, evolution of system a crust-mantle and ending
modern processes in biosphere, atmosphere, hydro-
sphere and surface of lithosphere. The geologic history
of the Earth and space bodies in modern time is object
of intensive investigation. Such investigation assist, in
particular, making of the consistent concepts of forma-
tion of minerals, explaining a genesis of a variety of
rocks and minerals, allow to forecast evolution of Earth,
to design policy of use non-repairable minerals and
burial of harmful waste metals, in particular radioactive.

The age of geologic sample and meteorites up to 30
thousands years as rule determinate by measuring of de-
cay "“C. Recently unique methods of content determina-
tion '“C by accelerator mass spectrometry (AMS) re-
solve to make more precise of formation time of carbon-
ates in archeology, to learn environmental by atomic
power stations etc. [1].

The determination of rocks age by analysis of ratio
of isotopes content of products decay ***U, U, ratio
content of isotopes Rb/Sr, Re/Os, K/Ar was elaborated
and widely was used for geology.

These methods do not destroy by determination the
most valuable witnesses of a history of an early Solar
system - rare meteorites and valuable ores.

Wide use of a U-Pb method for determination of
rocks age up to 10" years is known. The nuclear physics
techniques of determination of the content pair *’Sr and
%Rb allow to carry out measuring of such age interval
without destruction rare of rocks.

RESULTS AND DISCUSSION

The radioactivity methods of measuring of age of
geologic rocks and meteorites with the help of determin-
ation of parent/daughter ratios of nuclides: Z*U-**Pb,
B5J207py, B2TH205ph, WK YAy, SRb-¥Sr, '$Re-1¥7Os,
Sm-'*Nd, ""Lu-""Hf are used [2-7]. As a rule, such
ratios are measured with the help of mass spectrometers.
But mass spectrometer method has some problems for
measuring concentration of rubidium-87 and strontium-
87. The large difference of ionisation as rubidium both
strontium and difference in chemical properties these
elements frequently lead to systematic mistakes. Be-
sides mass spectrometer method is destructive. Use of
nuclear physics techniques allow to determinate the
¥Rb/*'Sr ratio without destruction of samples. The in-
destructibility of these samples is especially important at
examination of meteorites and rare geologic rocks [8-11].

The principle of a method is irradiation of sample
with considerable quantity of rubidium-87 on an elec-
tron accelerator for excitation reactions *’Sr(y,y )*™Sr u
SRb(y,n)*Rb.

Calculate of rocks age by *Rb/*Sr carried out on
expression

t=(=1/A) In(1+(*’Sr/*’Rb))
where A-decay constant *’Rb, ¥Rb/*'Sr — ratio of the
content of isotopes in mica [2].

The content of rubidium and strontium is 0,5...
2,5% and 50...200 pg/g, accordingly. Therefore the
low background detection of a gamma radiation from
rocks and meteorites was necessary for determination of its
age.

The backgrounds in our case are formed from build-
ing materials: yields of the products decay of Z*U, *°U,
»2Th, *K and cosmic radiation. The energy of gamma
background is varied from 2,615 MeV up to energy of
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X-rays. The intensity reduces of detecting a gamma
background is reached by means of making of triplex
protection. The protection facing of the Ge(Li) detector
are carried out by thickness 5 cm by Pb. The middle
stratum consists of Cu with thickness 1,5 cm. An inner
ply consists of Al with thickness 0,5 cm. The Ge(Li) de-
tector of volume 40 cm® and energy resolution 2,8 keV
for a gamma of a line “Co 1333 keV are used for meas-
uring radiation spectrums. These actions are allowed to
lower a background of energy range 100...300 keV in
less than 10-12 time. The intensity of a gamma line
1461 keV from kalium-40 decay is decreased in 10...12
times, t0o0.

The productivity of background reduction was tested
at determination of effective time of change of uranium
ores on a nonequilibrium method from a ratio of yields

of decay ?*U and *°U. Particular thus effective age of a
sample of ore Geltorechenskogo uranium deposit has
equalled 120%14 thousands years, that corresponds most
to high level terraces in Pleistocene [12].

Examples use of low background facility for determ-
ination of micas age (biotite) of Stankovatskoe deposit
(Ukraine) and lepidolite from Madagascar is possible to
see in Figs. 1-3.

Fig. 1 represents spectrum of a sample ¥SrCO; of
weight 450 mg enriched of ¥’Sr up to 75 % after an irra-
diation by a braking radiation. The gamma line with en-
ergy 388,4 keV from reaction *’Sr(y,y' )*™Sr in this case
is reliable detect. Fig. 2 represents spectrum of lepidol-
ite from Madagascar. In this case the gamma line with
energy 388,4 keV do not detect.
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Fig. 1. A radiation spectrum of *’SrCOj after an irradiation during
6 hours by bremsstrahlung with maximal energy 11 MeV
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Fig. 2. A radiation spectrum of lepidolite (Madagascar) after an irradiation
during 6 hours by bremsstrahlung with maximal energy 11 MeV

Fig. 3 represents the part of spectrum with a line
388,4 keV from *’Sr of biotite from Stankovatskoe de-
posit (Ukraine). Only 1300 y-quantums are registered. It
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is shown the complication of determination process of
rocks age.



The content ¥'Sr, *Rb of biotite from Stankovatskoe
deposit (Ukraine) are equalled to 222, 6362 ug/g, ac-
cordingly, which determine by nuclear physics tech-
niques. Thus, the tentative estimation of biotite age are
equalled to 2,4000° years.

The analysis of an element content of mica from dif-
ferent deposit is held. It is clear that trace elements con-
siderably influence on opportunity of determination of
rocks age.

The reaching of optimum ratio *’Rb/*’Sr appreciably
depends on requirements of an irradiation on an electron
accelerator. The photoexitation section of *’Sr is approx-
imately 10”° cm? for energy 8 MeV. Therefore, the high
intensity of gamma radiation is necessary. The content
of ¥Sr, for example, in mica is only 50-200 pg/g.

More reliable determination of strontium-87 by irra-
diation a bremsstrahlung from an electron accelerator
are obtained with current 700 PA. For reliable determin-
ation of the ratio ¥’St/*’Rb are used enriched etalon to
75 % *’SrCO; and sample SrCO; with natural abundance
of isotopes. Let's mark, the natural composition of
strontium isotopes compounds: *Sr - 0,56 %, *Sr -
9,86 %, ¥'St - 7,02 %, *Sr - 82,56 %.
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Fig. 3. A part of radiation spectrum of biotite after an irradiation during
6 hours by bremsstrahlung with maximal energy 11 MeV in region 388,4 keV

The section of interaction **Sr with thermal neutrons
is 0,8 bn. Therefore the energy accelerated electrons did
not exceed 11 MeV with view of the possible contribu-
tion from neutrons. The highest inaccuracy of measur-
ing the ratio *’Sr/*’Rb stipulate by the contribution of re-
action ®Sr(y,n)*"™Sr [13]. The threshold of this reaction
is 11.1 MeV. Therefore the electron energy 11 MeV is
used.

CONCLUSIONS

The power of nuclear physics techniques for determ-
ination of a rocks age and meteorites has been demon-
strated the last years. In this article only a few examples
of all possible nuclear physics techniques have been
mentioned.

The new method of not destructive dating of geolo-
gic objects on an interrelation *’Sr/*Rb is offered. This
method confirms tentative assumptions [14,15] about an
inhering lithium pegmatites of the Kirovograd block of

the Ukrainian Shield to relevant global paleoproterozoic
metallogenic episode by age 2.4[10° years [16], earlier
within the range of shield to unknown. It is possible
therefore to hope that the obtained outcome will be rel-
evant at interpreting a geologic history of a shield and
planning of search of new mineral deposits.
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AAEPHO-OU3UYECKHUE METO/bI ONPEAEJIEHUSA BO3PACTA I'OPHBIX ITOPO/

H.II /Tuxuii, A.H. /loeonsa, FO.B. J/Iawko, E.II. Meoeeoesa, /I.B. Meoseoes,
B.JI. Yeapos, H./]. @edopeu, A.A. Banemep, B.E. Cmopusicko

[puBeneHsI Pe3ybTATH Pa3paboTKN HU3KO(POHOBOM ANEPHO-DU3MIECKON METOIMKH U3MEPEHHUS BO3PACTA T€0-
JIOTHYECKHMX 00PA3IOB CINOALI (OHOTHT, JIENHIOIUT, MyCKOBUT, (DIIOTOIHT) C TIOMOIBI PETUCTPAIMN TaMMa-U3JTy-
YEHUS OT PAJUOAKTUBHBIX H30TOIMOB, KOTOPHIE MOSABJIAOTCS TIPU OONYYEHHH TOPMO3HBIM H3Iy4EHUEM B PE3YIIHTATE
apepubix peaknuii ¥Sr(y,y )™Sr, ¥Rb(y,n)*Rb u *Rb(y,n)**Rb. Ucnons3oBanue TOPMO3HOTO M3ITy4EHUS MOIIHOTO
YCKOPUTENS 3JIEKTPOHOB TTO3BOJIMIIO OJIHOBPEMEHHO M3MEPSTH 3JIEMEHTHBIN COCTAaB MCCIENYEMBIX 00pasLoB. M3me-
peHus Bo3pacta GMOTUTA U3 MecTopoxkaeHns CrankoBarckoe (YKpamHa) MO3BOJSIOT MPEANONAraTh O MPUHAUIEK-
HOCTH JIMTMEBBIX I1ErMAaTUTOB Kuposorpajickoro 6;10ka YKpPaMHCKOTO IIMTA K BAKHOMY II00aJbHOMY MajenpoTe-
PO30MCKOMY METaIOT€HUYECKOMY 330y Bo3pactoMm 2,410° mer.

AJEPHO-®I3BUYHI METOJU BUBHAYEHHS BIKY I''PCBKHUX ITIOPIJ

M.IIL Jlukuii, A.M. /loeona, FO.B. JTawko, O.I1. Meoseocea, /I.B. Meoeeoes,
B.JI Yeapoes, 1./1. @®eoopeus, A.A. Banomep, B.FO. Cmopiyicko

HaBeneno pesynbraTit po3poOKku HU3KO(OHOBOI siiepHO-(Pi3MIHOT METOIMKK BUMIPY BIKY T€OJIOTIYHUX 3pa3KiB
cinronu  (010THT, JIEHITOMIT, MYCKOBIT, (JIOrOmiT) 3a JOMOMOIOK PEECTpallii ramMMa-BHIPOMIHIOBAHHS BiJ
PamioaKTHBHHX 130TOMIB, MIO 3'SBISIOTHCS TPH OMPOMiHEHHI TaJbMOBHM BUIIPOMIHIOBAHHSM Y PE3YJbTaTi SICPHIX
peakmiii ¥Sr(y,y')*"Sr, ¥Rb(y,n)*Rb i ¥*Rb(y,n)*Rb. BuKoprCTaHHA TaqbMOBOIO BHIPOMIHIOBAHHS IIOTYXKHOTO
MIPUCKOPIOBaYa EJEKTPOHIB JO3BOJIJIO OJHOYACHO BHMIPIOBATH EJIEMEHTHUH CKIaJ JOCIIDKYBaHHUX 3pasKiB.
IIpoBeneno BuMipm Biky Oiotuty 3 pomoBmma CraHkoBarcbke (YKpaiHa), SKHH JO3BOJIIE TIPUITYCTHTH IIPO
NPUHAJIEKHICTH JIiTieBUX mermatuTiB KipoBorpazcbkoro 010Ky YKpaiHCHKOTO IIUTa JI0 BaXKIMBOTO III00ATBHOTO
NaJIeNpOTEPO30HCHKOTO METANIOTEHIYHOTO €Mi3o1y BikoM 2,4(10° pokis.
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