


Introduction

- The agricultural and industrial development verified in
Cuba, mainly in the last years, has incremented the interest
for mineral prospection in order to find energétic alternati-
ve sources, supplying a part of the internal demand.

For this reason several works studying the para-autoctonal
horizon in different petroleum ores from north-western of Cu-
ba were realised [1].

However, this paper discusses the vertical behaviour :.of
the concentration for certain elements using the iNAA.;in
seals and collector rocks taken from different depths to es-
tablish the presence of microelements which affect the geo-
physical methods, specially those which have large neutron
absorption cross section.

On the other hand, the knowledge of the concentrations of
rare-earth elements and other traces in rocks is of great in-
terest in the field of geoscience.

Trace eiements including U, Th, Ba, Sc, Rb, Ta, Cs, Co,
Hf, and REEs have been extensively used in petr&genetic stu-
dies of 1igneous, metamorphic and sedimentary rocks. They
allow the evaluation and the extent of the main processes in-
volved in the generation and differentiation of layer and
melts. They are also used in the study of rqcks to- predict:
the nature of sources materials, giving information about

their chemical and mineralogical composition.
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Neutron ac{ivation analysis has been widely used in the
determination of these elements in rocks due to its high sen-
51t1v1ty as well as good pre0151on and accuracy [2-7]. It is
»readlly capable of simultaneous determination of many ele-
ments at -parts per million (ppm) and parts per billion (ppb)
levéls, often without destruction of the sample, ahd may be
applied for the determination of a wide range of elements in
:rocks, - including most lantanides.

" The aim of this work is to present and discuss the results

' of "‘a series of measurements which have been realised in six

 fsamp1e rocks corresponding to different depth from the same
well in a region to north-western of Cuba. The behaviour of
" the element composition at all depths, referred to the ele-
A  mént concentration in the. major depth is also shown, in
order  to know how the element distribution changes and to
see- how is affected by the different types of rocks in the
‘well. _
At the same time the behaviour of the REEs at different
depths is presented. The ratio between the REEs and vanadium

'éontents'ahd between the REEs and condrites contents were

calculated with the purpose of knowing: firstly, how the con-.

n“centrations change with respect to the content of petroleum

in the different layers and, secondly, to have.an idea for
the evaluation of the main processes in the generation and
differentiation of the melts and to know the nature of source

material.

Experimental »
-Principle of comparative Neutron Activation Analysis Method:

_In this method, standards containing known amounts of the

elements of interest are submitted to a neutron flux together
with the samples. Thus, the induced activities are measured
under equal conditions using Ge(lLi) detectors.

Since each radioisotope has its characteristic half-life
and ene;gy (or energies) of gamma radiation it is possible,
in general, tb identify the isotope of the element. - The
amount.- of this element in the sample is considered as difect—
ly proportional to the counting rate of gamma radiation.

When the samples and standards are irradiated together at
‘the same irradiation time and neutron flux conditions, the
concentration of‘a particular element is obtained by compa-
ring the counting rates of the sample and of the standard

spectra. This concentration, C(i), is calculated from the ex-

pression:
; A (1) - ZA (k). FCSO)] [ Tm .m .Fcp | iR 2:Delt
C(l) k m m s
- . X X o T1/2
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where A (i) andAs(i) are the areas of the photo-peaks in the
sample and on the standards, respectively. The index "k" re-
fers to the reference intensity lines of other lines which

energetically interfere with element i. Factor FCS(k) takes

into account the efficiency and absolute intensity correc-

tions. Tmmand Tm are the effective measurement times of the
, ‘ s

-samples and of the standards, respectively. FCF is the cor-

rection due to neutron flux in the container. Tisz is the
half-life of the radioisotope. DELT is the difference between
samples and standard cooling times. C(i)s is the element con-
centration in the standard. Data of studied eleménts were ta-

ken from [8].



—Samplé ﬁreparation:

The rocks from the petroleum wells that arrived in
ser fragments were first broken with a hammer and then cru-
shed to smaller fragments in the porcelain mortar until a
reasonable size for grinding in a mechanical agate mortar was
.obtained.

. After grinding the rocks, the freatment was continued in'a
ménual agate mortar, until the powder passed trough a 1350
meéh-nyioh sieve. This final treétment was considered neces-
~sary to éssure a reasonable homogeneity of the material.

~ Contact with the metallic parts was avoided as much as
possible, since the probiem of confamination'df the samples
by forcing elements can be very serious at thié level of gra-
nulometry. ' ‘

References materials were not submitted to any further
treatmént, since they were already received as fine powder.
For the relative neutron activation analysis the certified
materiai IAEA/SOIL-7 [9] was used. The use of fhis standard
fqr the determination of elemental concentration in rocks, is

justified in [1].

-Irradiation: '

Aliquot of about 100-300 mg of the powder rock samples
were weighted in pre-cleaned Al foils (long irradiation) or
pquethylene packets (short irradiation). They were thus pla-
ced inside vessels of the same materials, specially developed
for use in the nuclear reactor IBR-2 from the Neutron Physic

Laboratory of JINR, Dubna, USSR [3].
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A tptal of twelve samples, corresponding to six different
depths from the same well into the east beach region,of-Hava—
na were analyzed. The mean depths, lithology and types of la-
yers are shown in Table 1.

The irradiation times of the samples and standards were
selected according'to the elemental concentration and half-
life, divided in short (1-5 minutes) and long (72 hours)
irradiations. The cooling and measuring times of the short
irradiated samples were 5-15 minutés and 5-10 minutes respec-
tively.

The measurement of the long ifradiated samples was reali-

zed in three cycles:

Table 1
Characteristics of the studied rocks
Sample Lithology Layer Depth (m)
1 - calcareous + clay + - seal 1648
silice + dolomite

2 calcdreous + clay + “ 1808

dolomite
3 calcareous + clay " - 1993
4 calcareous + élay " 2160
5 calcareous + silice + " 2311

clay

6 calcareous collector . 2421
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]
a.- ter 8 days (measuring time: 30 min.).
) Af y & ‘ » Table 2
b.-) After 15 days (measuring time: 30 min.). ' .
) Ys, & - _ Determined elements by INAA
c.~) After one year to improve the accuracy in the determina- :
. ‘ . 152 134 182 Element . Jucli Ti/2 Evy(KeV SOIL-7 Error(%
tion of the elemental concentration for Eu, Cs, Ta, Nuclide / ¥( ) (g/8) (%)
‘and 60Co. , with one hour of measuring time. .
N 1 Si 831 2.6 h 1266.2 1.8e-1 . 2.8
The characteristics IBR-2 (Channel I) epithermal neutron 2 Ca Sca7 3.35 d 159.4 16.3E-1 1.5
‘ L . b . . . . 3 F F .5 d 099. . - .
flux characteristics used in this work are described in {10]. € es9 44.5 1099.2 2.S57E-2 0.2
; ‘ : 4 Mg Mg27 9.46 m 1014.4 11.3E-3 0.9
. Epithermal irradiation suppresses activation of some strong 5 Al Al128 2.24 m 1778.9 47.0E-3 1.1
T . . . " 6 4 K42 12.36 h 1524.7 12.2E-3 0.
interfering elements for analysis of REEs, Uranium, Thorium, : . ) 2E 8
7 Na Naz24 15.02 h 1369.0 2.4E-3 4.1
etc. 8 Sr Sr8s 64.84 d 514.0 1.08E-4 10
9 Mn Mn56 ', 2.58 h 1810.7 6.31E-4 0.6
: 10 v V51 3.75 m 1434.1 6.6E-5 10.6
~Gamma spectrometry measurement: ‘ 11 . c1 - C138 37.5 m 1642.0 ------- -—=-
: : L. . . 12 Zn Zné65s 243.9 d 1116, -
Measurements were performed using Ge(Li) detectors with 3 . : 9 6-0 1.04E-4 2.9
6o 13" Ba Ba131 11.8 d 496.3 1.59E-4 20
keV resolution for 1332 keV gamma line of Co. Detectors 14 Nd « Nd147 10.98 d 531.0 3.0E-5 23
. ) 5 € . . .1E-
were. connected to a standard CAMAC 4096 channels ADC and to a 1 € Celdl 32.5 d 145.4 6.1E-5 10
, : 16 La La140 40.27 h 1596.5 2.8E-5 3.6
PC/XT computer.. 17 Mo Mo99 66.0 h 140.5 2.5E-6 20.0
, . et s 18 A As76 . . . - .
The gamma spectra were processed using a modified’ version s s 26.32 h 559.1 1.34E-5 1.5
) ‘ 19 Rb Rb86 18.66 .d 1076.6 5.10E-5 1.0
‘of ACTIV program [11,12] written in FORTRAN. This program lo- 20 U Np239 2.36 d 228.2 2.6E-6 25.0
A . 21 C Cob6 . . -
cates peak positions and calculates gamma ray energies and ° 060 5.27 vy 1173.1 8.90E-6 8.9
. 22 Gd Tb161 6.9 d 74.6 - -_——-
" net areas. ; 23 Ga Ga72 14.1 h 834.0 10.0E-6 20.0
, : 24 Snm Sm153 46.7 h 103.2 5.1E~6 10.0
25 Br : Brg2 35.3 h 776.5 7.00E-6 14.3
Results and discussion. 26 Sb ) Sb124 62.2 d 1691.0 1.7E-6 5.9
. . . 27 sc Sc4d6 83. . .3E- .
Forty eight activation spectra were worked out. The analy- .y c 3.83 d 889.2 8.3E-6 12.4
_ , 28 Hf Hf181 42.4 d 482.0 5.1E-6 5.8
tical peaks with statistical error less than 15 % in a 70- 29 Cs Cs134 2.06 y 604.7 5.40E-6 13.6
‘ . 30 T Tm17 128. I T -
- 1830 keV energetic range were analyzed. m m170 28.6 d 84.3
31 Yb Yb169 32.02 d 177.2 2.4E-6 16.3
The obtained elements, active isotopes, half-life, refe- 32 Th Pa233 27 d 311.9 8.2E-6 16.1
' . X . 33 Tb Tb160 . . .0E- .
rence material element concentrations (g/g) and its errors 72.3 d 879.4 6.0E-7 16.7
34 Ta Ta182 115 d 1121.3 0.52E~6 25.0
are show in Table 2. The order of elements in Table 2 corres- 35 Eu Eul52 13.33 y 1407.5 1.0E-6 20.0
ponds to descendant element concentration obtained for the
productive or collector (2421 m) ‘layer (see Table 1). Dashed




lines in the places of the concentrations indicate that this

element was not in the standard and its: concentration was

calculated by the absolute method using the algorlthn descri-

bed in [13]. )
“Table 3 shows the element concentration and its errors

betﬁeen parentheses, except the group of Rare Earth Elements
&hich appear below. The Si, Al and Mg concentrations were
evaluate using the interfering factor, according to the neu-
tron energetic spectra {141. |
In the quantitative determination prevailed as major ele-
ments, Si, Ca, Fe and Al, as minor elements Mg, K, Na and Cl
and remainder was obtained as trace elements. The distribu-
tion of the concentration values obtained4by INAA in rocks
from petroleum ores according to their depths is presented in
Figure 1. The order of the elements in ' Figure 1 corres-
ponds to the order in Table 2. |
The elements can be d1v1ded in three great groups accor-
ding to their concentration values in each depth:
1;- A maximum intermediate of element concentration in the
productive layer. In this group only V, Sr and Sb, which are
typical in the petroleum composition, are fixed (V-group).
~2Q—An,intermediate maximum‘of element concentration in depth
1993 m (seal), and 2421 m. (collector). The elements are: U,
Mn, Si, Ca, Sc, Mg, As, Mo and Cl (U-group).
3;- An intermediate maximum at 2160 m (seal). The elements
are:FCo, Zn, Ga, Br, Rb, Hf, Ta, Cs, Th, Na, Al, Ba, Ca and
“REEs (Co-group). : \
" In all cases, the order of the fluctuation is not lafge,
therefore we do not observe variations in the element concen-

tfation which can affect the record in the nuclear sounding

1-Si 5-A° 9-Mn 13-Ba 17—~Mo 21-Co 25—8; 29—Cs 33—Tb
2—Cao 6-K 10—V 14-Nd 18-As 22-Gd 26~Sb 30~-Tm 34-Ta
3~Fe 7-Na 11-CI 15-Ce 19—-Rb 23-Ga 27-S¢ 31-Yb 35-Eu
4—Mn 8—=Sr 12-Zn 16-La 20-U 24-Sm 28-Hf 32~Th
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Table 3

Element Concentration whithout REEs (in ppm)
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Uraniutn Depth-> 1648 m 1808 m 1993 m 2160 m 2311 m 2421 m.

Elem ¢
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Si 3.14E+5 1.04E+5 1.22E+5 2.02E+5 1. 57E+5 1{08E+5
(11.8) (11.8) (12.6) (11.8) (11.9) (11.4)

Concentration(ppm)

Ca 9.36E+4 1.51E+5 9.13E+4 2.15E+5  8.77E+4 8.96E+4
(7.3) (7.2) (7.4) (7.3) (7.3) (7.6)"
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o0V Je NN (R S SN SUURULS SO S NUNM MUSMU S— Fe 1.26E+4 1.54E+4 1.68E+4 4.95E+4 2.26E+4 3.13E+4
15.00 IG.QO 17.00 18.00 19.00 20.00 21.00 22.00 23.00 2400 25.00 (143) (130) (56) (51) (6.6) (4.8)
depth x 10°m ‘
Fig 2(b) g Mg 5.9E+3 7.30E+3 2.05E+4 2.40E+3 4.80E+3 2.73E+4
- (10.2)  (10.9) (16.5) (16.6) (14.6) (11.4)
& . "Al 8.01E+5 2.08E+4 2.30E+4 5.17E+4 4.00E+4 1.75E+4°
80.00 - : (8.6) (8.7) (9.1) (8.7) (8.8) (9.3)

K 1.28E+4 1.17E+4 7.30E+3 3.96E+4 7.38E+3 3.80E+3
(14.8) (14.5) (15.1) (15.2) (14.9) (15.8)

3
8

Na 8.17E+3 8.TOE+3 1.70E+3 27.40E+3 6.40E+3 2.00E+3
(4.5) (4.6) (5.8) (4.7) (4.7) (5.0)

/Mn 3.86E+2 3.19E+2 3.43E+2 8.77E+2  3.68E+2 4.89E+2

Concentratior(ppm)

[ S IR IR UR U U NN S U0 N U U 100 U0 0 10 O T 0 S0 0 00 YO 0 W 1 U0 0 0 0 O WY O 3

A (4.3)  (4.5) (4.5)  (3.6)  (3.8) (4.3)
20.00 \' 13.6 37.6 14.6 15.8 42.4 2.98E+2
? (18.3)‘ (13.0) . (18.5) (18.4) (12.7) (13.1)
0.00 ‘ l i i I 1 ‘ ‘ I I Cl 1.80E+2 1.60E+3 99.2 1.59E+2 1.33E+2 2.21E+2
1500 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 2400 25.0 N , (19.8) (15.0) (20.2) (15.7) (20.3) (15.8)
depth x 10°m ;
Fig 2(c) ‘ _ Zn 78.7 38.6 90.4 1.62E+2 71.1 1.53E+2

(11.4) (8.1) (12. 4) (10.6) (11.3) (11.5)

3 Ba 3.81E+2 2.82E+2 1.54E+2 4.34E+2  8.87E+2 1.52E+2
| (22) (25)  (25) (26) (229)  (26)

10 : : 11



Element Concentration whithout REEs (in ppm)

Table 3 (cont)

Depth-> 1648 m 1808 m 1993 m 2160 m 2311 m 2421 m
Elem.i
Mo 1.9 1.7 32.0 1.9 2.1 22.8
0 (21.7)  (21.3)  (20.1) (21.4) (22.6) (20.1)
As 4.5 3.7 18.7 8.9 5.1 20.9
(6.6) (5.4) (6.7) (6.7) (5.9) (6.2)
‘Rb 26.9 19.6 13.3 - 94.7 47.5 17.9
(11.2) (11.2) (10.1) (10.7) (14.7) (12.8)
U 2.2 1.8 14.2 4.0 1.3 12.0
(27.8) (27.8) (27.7)  (27.9) (27.9) (27.8)
Co 10.9 11.5 7.7 67.1 10.3 9.9
(17.9) (16.2) (17.8) (15.1) (15.9) (17.4)
Ga 7.4 8.1 6.6 25.1 13.0 6.8
-~ (24) (24) (24) (23) (22) (24)
Br 1.2 1.6 2.1 4.3 2.0 3.6
(14.6)  (14.4) (14.5)  (14.5) (14.5) (14.4)
Sb 0.6 0.4 2.5 1.6 1.1 3.3
©(8.3)  (14.7) (8.2) (15.2) (14.6) (7.6)
Sc 4.5 3.7 1.9 16.5 4.1 2.7
(15.5)  (15.8) (17.5) (14.9) (15.3) (17.8)
Hf 1.0 0.8 0.7 2.6 1.1 1.5
(7.9) (8.5) (8.5) (6.2) (7.2)  (7.8)
Cs 1.3 0.6 0.7 3.9 1.8 1.4
(16.1)  (17.1) (17.3)  (15.7) (15.8) (16.3)

12

Table 3 (cont)

Element Concentration whithout REEs (in ppm)

Depth-> 1648 m 1808 m 1993 m 2160 m 2311 m 2421 m
Elem l
Th 0.6 0.6 0.7 3.7 1.0 0.7
(26.6) (26.4) (26.8) (26.2) (26.3) (26.8)
Ta 0.4 0.3 0.2 1.1 0.3 0.2
(25.4) (25.2) (25.7) (25.1) (25.2) (25.7)
‘during the carotaje.
In Figures 2(a,b,c) we present, as an example, the

characteristic distribution for these groups, using the more
representative elements (V, U and Co).

The résults obtained for the REEs require special interest
due to their extensive use in petrogenetic studies and its

high neutron absorption cross sections.Table 4 shows the con-

/centration values of the REEs: La,Ce,Nd, Sm, Eu, Gd, Th, Tm

and Yb at each depth. The numbers between parenthesis repre-
sent the total calculated errors. Figure 3a shows the concen-
tration of REEs in ppm vs depth in semi-logarithmical scale
using as parameter the different elements. Three groups can
be distinguished in this distribution. The standard deviation
for each group is shown. The criterion to separate these
groups was the proximity in their concentration values.

The distribution groups are:

13



Concentration REE (ppm)
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Concentration of REEs and Condrites (in ppm)

Table 4

Elem

Depth->1648 m 1808 m 1993 m 2160 m 2311 m 2421 m Condrites

La 15.5 17.7
Ce 18.2 14.1
Nd 17.2 . 19.2
; Sﬁ 3.0 4.3
‘Eﬁ 0.11 d.ll

(22.5) (22.5)

Gd 6.76 4.92
(20.7) (20.3)

Tb 1.89 0.57
(18.0) (17.7)

Tm 1.38 2.06
(15.0) (14.9)

Yb 0.98 1.23
(20.2) (20.5)

28.8
(4.0)

41.7

73.1
(3.8)

90.5

24.0 24.6
(3.8) (4.2)

28.7 29.2

(20.5)(15.3) (16.3) (19.4)

30.7
5.9
(12)

0.11
(22.7)

11.45
(21.6)

0.79

(18.4).

2.26
(14.9)

1.35
(20. 4)

114.6
18.8
(12)

0.361
(18.7)

18.55
(20. 4)

3.58
(17.4)

2.53
(14.7)

5.93
-(19.4)

29.7 56.6

(24.8) (28.3) (19.9) (14.2) (14.3) (17.4)

6.1 4.6
(13) (11)
0.10 .024

(27.0) (25.9)

7.23 8.36
(20.6) (20.4)

0.89 0.33
(18.3) (19.4)

1.08 1.13
(14.6) (14.4)

1.88 1.11
(20.1) (22.6)

0.

0.

o8

.05

04

I.- La, Ce and Nd
II.- Sm and Gd.

III1.- Eu, Tb, Tm and Yb.

All groups exhibit a maximum concentration at 2160 m.

The third and fourth groups have a rapid decrasing after

this deptﬁ.

15
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Concentration REE/Concentration Condrites

Concentration REE/Concentration Condrites
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‘The concentration of REEs vs. elements using as parameters
the different depths is shown in Figure 3b. In this case the
values of element concentration were grouped according to the
proximity in the concentration values between the different

depths. These groups are:

I.- 2160 m
II.- 1648, 1808, 1993, and 2311 m
ITI.- 2421 m

In the third group we can observe the relative deficit of
_Eu and Tb.

The ratio between the element concentration of REEs and
vanadium-vs. depth, which is a characteristic element in the
" petroleum, is shown in Figure 4a. Here is present faster de-

creasing of the ratio after the maximum at 2160 m. The number
of distributions and the element groups are the same as in Fi-
gure . 3a.
Figure 4b shows the same ratio, but now vs. REEs. Four evi-
-dent distributions in depth can be observed:
I1.-2160 m
IT1.-1648 and 1993 m.
ITI.-1808 and 2311 m
IVv.- 2421 m
To have\a precise idea about the origin of the rocks in

the different layers from the petroleum ores, we compared our

‘results with the concentration of REEs in condrites. These

concentration values weretaken from {15, 16].

Figure 5a shows the ratio between the concentration ele-
ment REEs and condrites vs depth. The different elemeﬁt
groups in this graphic are the same as those presented in

ﬁigures 3a and 4a. The behaviour along the different depths
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reéembles that shown in Figure 3a, but the standard deviation
between ¢lements is greater than there.

An interesting result can be obtained from Figure Sp. In
it we show the ratio between the element concentration of
REEs and the condrites vs. REEs, taking as parameter the dif-
ferent depth. A ' ‘ ’

" This Figure contains the same groups of depth which are
presented in Figure 3b, " but now appears depression not’
only for the Eu and Tb }atios.In this casé depression can be
observed for the Yb ratio too. Furfhermore the depression in
the Tb ratio is inverted°in the seal layers.

According to [17], the condrites are characterized by
their chemical composition, fundamentally for the contents in .
REEs. The condrites are the witness of the solar system for-
mation. They reflect the\primafy period of the cloud conden-
sation. Related with the deficit of REEs and~fﬁndamentally
with the more volatile ones: the Eu and Yb; they Qere formed
from the condensation which took place in the missing re-
fractary REEs. For this reason the Eu and the Yb are the more
volatile elements into the group of REEs. Thié allows to sup;

pose that Eu and Yb' were separated from the gas at the time

. of condensation. This explains the depression ih the contents

of these elehents in the petroleum 6réf but this is not so
for the Tb. R f

In Figures 6a, 6b aﬁd 6cC we pnesent the stereometrical
projection, in which at the same time appears the concentra-
tion of REEs, or ratios, the deéth and the element distribu-
tion. Specially in Figures 6a and 6b we observe better the
maximum in the contents of REEs corresponding to depth'2160 m.

.We observed furthermore and the rapid decreasing of the ra-
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tio'between the REEs/vanadium concentration in Figure 6b. Iﬁ:
both cases the visualization of the Eu and Tb valleys is
evident.

‘ However, in Figure 6c the superficial landscape is otﬁer;
New valley for Yb appears and the valley for Tb disappears.
Fufthermore, the distribution of ratio maxima is different
for the previous figures. This allows‘to suppose that the ori-
‘gianf tﬁe REEs contents in the petroleum ore is completely
migratory and‘justify thé sedimentary characteristics of thé

ore in the analysed region.

Fig 6(c)

Concentration REEs/concentration codrites log (rate x 100)

Conclusions . o
1~ Six rock samples from a petroleum well at north-western of
Cuba were analyzed using instrumental neutron activatioh ana-

lysis. Thirty five elements were fixed.
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2- We do not observe large fluctuations in the elements which

can affect the record in the nuclear sounding used in the
geological prospection.

3- From a particular study of the behaviour of the REEs we
observed, that there is a maximum concentration of them at
the depth of 2160 m from which a rapid decreasing in the con-
tents of_REEs takes place for the majority of these elements.
This decreasing is stronger for all REEs when compared with
the vanadiﬁm content, aﬁd element which‘is a characteristic
one for petroleum. This pérticularity could help at the geo-
logical carotage , due to the large neutron cross sections of
short-lived REE isotobes,‘if the NAA is used.

4- From the analysis of the layers characterizing the distri-
bution of the REEs concentration with depth one could confirm

the sedimehtary origin of rocks in the ore.

References: ’
[1] Montero M., HerreréfE., Diaz 0, Rodriguez R. Proceeding

Int. Sym. Nuclear Iech,?‘in Exploration and Exploitation of

Energy andfMinefal'Resources. Vienna, June 5-8, 1990. TAEA-
SM-308/84 (1990).

[2] Vasconcellos M. B. A., et al. IAEA-SM-308/92.

[3) Vasconcellos M. B. A., Lima F. W., J. Radioanal. Chem. 44
1 (1978) 55-81. L '

(4] Mantovani M. S. M., et al. J. Petrol 26(1985)198-209.

[5] Armenia, M. J. A. ,ef al.. J.
Articles, 132 2 (1989) 261-267.
[6] Ellrich J., et al.
313-323.

Radioanal. Nucl. Chemn.

Hirner A., Chemical Geology, 48 (1985)

22

[7) Zaghloul R, Obey M., Radiochem. Radiocanal. Letters
15/6/365—372/1973/.

[8] Handbook on Nucléar Activation Data. IAEA. Vienna. 1987.

IAEA/SOIL-7. Report

{9] Certified Reference Material
IAEA/RL/112 (1984).

[10] Nazarov V. M. et al (in Russian), JINR

Pavlov S. S.,
Rapid communication N6-85 (1985) 37 |
[11] Zlokazov V. B. Precinct of JINRP-10-81- -204. Nucl. Inst. .
and Math, 1982, V 199, N3, PS09.

{121 Zlokazov. Comp Phys. Commun, 28,1982, p27

[13] Carder W. and MAc. ‘Mahon T. D Talanta Vol 25 pp 21 40’
Pergamon Press 1978,

[14] Erdtmann G., Hermann P. Tetrise on Analytical Chemistry.'
Second Editioni Part I.
New York. 1986. p. 548.
{15] Vinogradov A. P.,

Volume 14. John Wiley and Sons, Inc.

Problems,

Geochenical Editorial

"Science", 1965 (in russian).

{16] Geochemistry of Condrites (Manual in Russian).  Moscow,
“Nedra", 1977, p 47.

[17] Kolesov G. M., JINR Rapid communication N6-85(1985)}77.

Received by Publishing Department
on August 30, 1991.

23 .



