
ic/87/260 
INTERNAL REPORT 

(Limited distribution) 

International Atonic Energy Agency 

and 

United Nations Educational Scientific and Cultural Organization 

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS 

ESR DATINC A'QUATERNARY TRAVERTINE • 

E. Lopez Carranza •" 

International Centre for Theoretical Physic3, Trieste, Italy, 

J. Amosse* 

Institut Solomieu, Universite Grenoble I, 
38031 Crenoble Cedex, France, 

A. Quiroz 

Facultad de Minos, Ceologfa y Metalurgfa, 
jtjniversidad Nacional de Ingenieria, Casilla 1301, Lima, Peru 

and 

R. Bouchez 

Lnboratoire de Recherche Archeologique, 

Institut de3 Sciences Nucl£aires, University Crenoble I, 38026 Prance. 

HIHAMARE - TRIESTE 

October 1987 

» 

• To be submitted for publication 

(Thin work follows to a pooter presented at the Fifth Specialist Seminar 
on TL and EGR dating, King's College, Cambridge, July 6-10^1987,and will 
be submitted to the Quarternary Sciences Reviews for publication in the 
Proceedings). 

** Permanent address: Facultad de Ciencias, Universidad Nacional de 
Ingenierin, Cosilla 1301, Lima, Peru. 

ABSTRACT 

To study the chronology of the quaternary glaciatlons in the 

high Peruvian Andes (3.5 - 4.0 Km high) a number of samples 

of travertines was collected in the Oroya-Tarma-Huancayo r e 

gion. He report, in particular, the ESR measurements realized 

on samples from Santa Rosa de Socco, which contain 99^ of 

ca lc i te and show a l ine of g • 2.0046 and of width 8.30, s ta

b le , at l e a s t , unti l «v 270 C. Using the additive dose method 

to obtain the paleodose and measuring the annual dose by 

spectrometry gamma of high resolution we obtain for the Ban-

pies , as a preliminary result , an age between 260,000 and 

340,000 a. 

INTRODUCTION 

Quaternary formations of travertines, during the past interglociations, 

in the region Oroya-Tarma-Huanoayo were reported by 0. Dollfun and F. 

Hegard ( l ) . Thij region i s situated between 3,5 and 4.0 Km of altitude 

in the Peruvian Central Andes, The travertine formations are of great 

extension and, at l eas t , of lm of width. Samples were taked from d i f fe 

rent places of that region, at a depth of i»30 cm normal to the surfa

ce of each formation, during a campaign mated by J, Amosse", A, Quiros 

and E. Lopez Carranza. This act iv i ty was one of the HUWICIESCIAS 84 

Seminar, realized at Cuzco, Peril (2&-J1 August 1984). The purpose of this 

study i s to date tho high-Andes quaternary glaciatlons. 
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Different authors (2 ,3 ,4 ,5 ,6 ) show the poss ib i l i ty to apply the conventio

nal ESR technique to date carbonates. There i s not an unique election 

about which ESR-lines must be used to date them, because i t i s not well 

known the origin of the paramagnetic centers which produce these l ines 

and the properties of carbonates vary with I t s contain of traces of de

fects and impurities. • 

In this work we present the ESR study of travertines from Santa Rosa de 

Sacco (SRS travertines) a place situated at <«4-0 Km of altitude on the 

high Peruvian Andes, to detect signals to be used in the measure of the 

accumulated energy from the natural radiation, called the paleodooe P, 

provided that these signals come from paramagnetic centers created from 

the formation of the travertines. Also, we present the determination of 

the travertine contain on 1), Th and K by gamma spectrometry of high reso

lut ion, from which, and having in account the cosmic rays , i t i s possible 

to calculate the annual dose AD of the travertines. With these results 

the ESR-age i s calculated with the relation 

Age (lea) - P (Qy) / AD (Cy/lca). 

EXPERIMENTAL 

For the E3R study i t was ut i l i zed a V or Ian spectrometer of X-band with a 

100 kHz modulation. Figure 1 shows a typical natural ESR spectrum of the 

SRS travertines, talced at room temperature and putting in sol id state 

63.4 mg of the sample in the cavity of the spectrometer. A wide nlgnal 

created by the natural irradiation at g - 2.0046 appears nearly mid

way among the permited and forbidden l ines of the Hn (S«5/2, 1-5/2). 

The structure of th i s wide signal of B.3G line-width can be observed in 

ifyb figure 2, which waa talced at room temperature after given to the 

63.4 mg sample, 412.5 Cy by beta irradiation. Between the Hn + central 

forbidden l ines appear the l ines A,B,C,D and E with the g values] 

gA - 2.0055, eg • 2.0037, Bc - 2.0027, gp - 2.0015 and gg - 2.0008. 

Those l ines are on the wide l ine of g - 2.0046. Because the A to E l i 

nes are not well detected in the natural ESR spectrum, i t was decided 

to usfa the wide l ine to date the SRS travertines. 

X-rays diffraction uhov that theae travertines contain 99J( of cnlc i te , 
an atomic absorption show that they contain 27 ppm of Mn and 400 ppm 
Of Fe. 

In the Pig.3 we can see the ESR spectra of the 63.4 i»g travertine befo

re and after a r t i f i c i a l additive beta irradiation by a ™3r-^°T source 

(32,5 mCi). All the spectra were talced at room temperature and at the sa

me conditions of detection and the Irradiated one's 20 hours after each 

Irradiation. The peack to peack high of the g - 2.0046 Jins grows l i 

nearly with the beta dose unti l /v 600 Cy as i t i s shown in the Pig.4. 

Extrapolation towards zero-ESR-intenslty allows to determine that the 

paleodose P i s 180 - 20 Oy. 

To see the thermal s t a b i l i t y of the g » 2.0046 l ine , a sample of 121.5 

mg waa heated at different temperatures unt i l 500 C, keeping the sample 

for one hour at each temperature and taking the spectrum 6 hours after 

each heating. The behaviour of th i s l ine with the temperature i s shown 

in Pig .5 . I t looks l ike that th i s l ine In stable until 270°C and after 

that i t grows quickly either the B l ine or i t appearB another one with 

a g o 2.0034. For the 400°C heating th i s new l ine has an intensity 14 

times greater than the Intensity of the g <• 2.0046 l ine before heating 

as one can see in the Pig.6, 

darama spectrometry of high resolution revealB that the SRS travertines 

contain 100 ppb of 0, 110 ppb 5f Th [(2 2 6Ra/2 J f lU) . 2 ] and O.OVf, of 

KgO. Assuming that the alpha efficiency k has the average value of 

0 .3 , u t i l i z i n g the Bel l ' s tables (7) and taking 0.35 "Oy/a for the cos

mic rays, the annual dOBe AD results equal to 0.6 - 0.03 mOy/a. Then 

the ESR-age of the Santa ROBB de Sacco travertines (which were taksd at 

a depth of f 30 cm) i s between 260,000 and 340,000 a. 

DrSCUSSKW 

The ESR-datation of the SRS travertines, as a preliminary result , sug

gest that they ware formed in a period which corresponds with the penul

timate interglaciatlon of the Alpes. I t i s necessary to do more research 

to know i f in th i s place there are travertines more deeper which belong 

to an older interglaciation. 
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FIGURE CAPTIONS 

Fig.1 ESR spectra of a Santa Rosa do Sacco (Peru) travertine! The o ig -

rial g » 2.0O46 used for dating appearn between the two Kn cen

tral forbidden l ines . 

H g . 2 ESR spectrum of tha SRS travertine after 412.5 Cy ar t i f i c ia l be-

irradiation. I t was registered 20 hours after the irradiation 

and shows the g • 2.0046 l ine and tha additional signals with 

tha next g valueB; g^ « 2.0055, gfl • 2.0037, Bg - 2.0027, 

Ej, - 2.00L5 and Gg - 2.0008. 

Pig.3 ESR spectra of the SRS travertine before and after ar t i f i c ia l 

additive beta irradiation by a ^ S r - * l source. 

Fig.4 Enhacement of the ESR signal with g • 2.0046 by the additional 

ar t i f i c ia l beta irradiation for the SRS travertina. Extrapola

tion towards sero-ESR-oigrial gives the paleodooe P equals to 

180 i 20 Cy. 

Fig.5 On the l e f t , the behaviour of the ESR signal with g « 2.0046 

and on the right tha enhaceraent of a ESR signal with g - 2.0034, 

both as a function of tha heating temperature. 

Pie.6 ESR spectrum of the SRS travertine which shows a l ine with 

g - 2.0034 after heating the sample unti l 40O°C for one hour. 

The intensity of th i s l ine la 14 times greater than the inten

s i ty of the l ine g - 2.0046 before heating. 

-6-

.. 20° >l 

63o4mg Q,5GHz 100 kHz 
300°K 3mW .3..3G 

Fig. 1 

-7-



g„5GHz 100 KHZ 63»4mg 
3mW 0o65G 300°K 

Fig. 2 
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ESR line after 400°C 
heating one hour 
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300°C 3mW 0.65G 
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Fig. 6 
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