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The analysis of U, Th and rare earth elements in
rocks is of great interest, since these elements can
provide important petrogenetic information. There-
fore, the utilization of geological standards with
recommended concentration values is of great impor-
tance.

Neutron activation analysis of the French geolo-
gical standard GS-N, provided by C.R.P.G. (Centre
de Recherches Petrographiques et Geochimiques),
has been carried out and the concentration values of
the elements uranium, thorium and nine other rare
earth elements (La, Ce, Nd, Sm, Eu, Gd, Tb, Yb and
Lu) have been determined.

Some data for the concentration values in the
GS-N standard have already been reported in the
literature [1-7]. Nevertheless, there are recom-
mended values only for the elements U, Th, La, Ce,
Sm, Eu and Yb. Even for these elements, there are
considerable discrepancies between different authors.

The aim of this work was to provide results in
order to compare them with literature data and give
a contribution to the concentration values proposed
for this standard.

Experimental

The procedure adopted was of irradiating aliquots
of the GS-N rock for 8 to 72 h with thermal and
epithermal neutrons (flux of 10'2—10" ncm™2s™Y),
followed by counting the induced gamma radiation
in a Ge(Li) detector (resolution of 2.8 KeV for the
1332 KeV peak of 6°Co) and a hyperpure Ge detec-
ggr (resolution of 0.58 KeV for the 122 KeV peak of

Co).
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The standards used were those provided by the
United States Geological Survey (U.S.G.S.) (AGV-1,
BCR-1 and G-2) because of their recommended
concentration values [8—10]. Also standards con-
sisting of aliquots of lanthanide solutions of known
concentrations were used.

The assignment of the energies of the several
peaks in the gamma spectrum and the calculation of
the corresponding activities were performed by means
of a PDP-11/04 minicomputer using the ‘Geligam’
program in ORACL language, developed by EG & G
ORTEC.

The concentrations of the elements were deter-
mined by comparing the activities obtained in each
peak of the sample (GS-N rock) and of the standard
spectra.

Table I shows the radioisotopes used to calculate
the concentration of the analysed elements as well as
their nuclear data and the irradiation and counting
conditions. An asterisk denotes the conditions that
provided the best values. The absence of notation
means that similar results were obtained.

In the cases where spectral interferences were
found, such as gadolinium, a radiochemical process
was employed. The method used was the retention
of the interfering elements Pa and Ta in a hydrated
antimony pentoxide (HAP) column [11]. Also a
pre-irradiation separation step was developed to
eliminate interferences, including those from uranium
fission products, by solvent extraction with a solution
of tetracycline in benzyl alcohol. The interfering
elements U, Th, Mo, Ta, Sc and Fe were extracted
into the organic phase. Lanthanides remaining in the
aqueous phase were coprecipitated either in ferric
hydroxide or in calcium oxalate.

Results and Discussion

The results obtained for the GS-N standard are
shown in Table II, together with some literature
concentration values. The data determined for most
of the analysed elements agree with those reported by
Govindaraju [1] to within 1 to 7% and are situated
in the range of literature values [1—7]. It can be
seen that the results present a good precision, with
relative standard deviations lower than 15%.

In the case of Gd, few data have been so far
reported in the literature, which enhances the contri-
bution of this work. The radiochemical procedure
adopted for Gd determination was satisfactory in
eliminating the interfering elements.

The proposed pre-irradiation separation method
allowed the separation of lanthanide elements as a
group, and there was no chemical fractionation of
the individual elements. Chemical yield values of
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TABLE I. Radioisotopes Used and Main Energies Corresponding to the Analysed Elements. Irradiation and Counting Conditions

Element Radioisotope Energy Type of Decay Detector
(KeV) irradiation interval
(days)
La 1401 4 815.5,1595.4 T, E* ~S Ge(Li)
Ce 141ce 145.4 T 15-30 Ge*
145.4 E 15-30 Ge(Li)
Nd 147Nd 91.4 T 5-15 Ge
531.0 T,E 5-15 Ge(Li)
Sm 153gm 47.0 (Kg; Eu), 69.6,103.0 T ~5 Ge*
103.0 E =5 Ge(Li)
Eu 152y 45.4 (Kg; Sm), 121.8 T 15-30 Ge
1407.5 T 15-30 Ge(Li)
Gd 153Gd 97.5,103.2 T 30-60 Ge(Li)
Tb 1607y 298.6, 879.4 T, E* 15-30 Ge(Li)
Yb 169y 50.7 (Kay Tm), 63.0 T 15-30 Ge*
177.0,197.8 T 15-30 Ge(Li)
Lu 17710 113.0, 208.4 T ~15 Ge,
Ge(Li)*
U 239Np 277.5 E ~5 Ge(Li)
Th 233p, 311.8 E 15-30 Ge(Li)
*Irradiation and counting conditions that provided the best results. E = epithermal activation; T = thermal activation.
TABLE II. Results for the Geological Standard GS-N Compared with Literature Values?
Element Concentration (ppm)
This work From ref. 1 Range of
reported
Instrumental Chemical separation data [1-7]
La 71 +4(5.3) 71+5(5.6) 75 66.5-76
Ce 138+ 15 (1.4) 133 £12(5.0) 140 112155
Nd 48 + 6 (4.0) 54+6(7.4) 50 47-51.2
Sm 7.6 + 0.7 (7.3) 7.8 +0.4 (4.9) 82 6.7-8.24
Eu 1.6 £0.1(5.9) 1.7£ 0.2 (2.9) 17 1.6-1.8
Gd 5.6+0.3 3.4-5.6
Tb 0.63 + 0.07 (5.0) 0.68 £ 0.04 (14.1) 0.6 0.51-0.76
Yb 1.8+0.2(5.9) 1.8+0.2(5.9) 1.7 1.3-1.9
Lu 0.25 + 0.02 (25.0) 0.19 + 0.03 (4.0) 0.2 0.17-0.24
U 7.7+0.6 (3.8) 8 7.7-8.2
Th 41+ 1(6.8) 44 32-45

@Numbers in parentheses are the relative errors (%) compared to Govindaraju’s [1] values. Numbers in italics are recommended

valucs.

85 % 3% and 80 * 6% were obtained with Fe(OH);
and CaC,0y, respectively. The pre-separation method
is relatively simple and rapid. Since the procedure is
applied before irradiation, there are no problems of
radiation exposure, therefore many samples can be
processed at the same time. This method is particu-
larly useful in the analysis of uraniferous rocks.

Except for Gd, significant differences were not
observed between the results obtained by the instru-
mental method and by the chemical procedure. This
fact may be explained by the low uranium concen-
tration (8 ppm) in the GS-N rock.

The highest relative errors were obtained for the
elements Lu (instrumental analysis) and Tb (pre-
separation procedure). In both cases it must be
considered that these errors do not show significant
differences compared to the proposed values, con-
sidering their low concentration (<1 ppm) in the
GS-N rock.

The results obtained in this work for the French
Geological Standard GS-N confirm the already
published values, giving some more recent data and
contributing an improvement in the proposed concen-
tration values for this standard.
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