GEGLOGICKY ZBORNIK — GEOLOGICA CARPATHICA, 37, 2, BRATISLAVA, APRIL 1986,
Pp. 167—174

JAN MEDVED* — JANA KUBOVA** — EDUARD PLSKO** — BOJAN BUDIC#**

THE STUDY OF RELIABILITY OF SPECTROCHEMICAL TRACE
ELEMENTS DETERMINATION IN METAMORPHIC SILICATE ROCKS

(T'abs. 5)

Abstract: The reliability of trace elements determination in black
shales and other metamorphic silicate rocks by three described spectro-
chemical procedures was investigated. The obtained analytical results
were statistically treated. A high correlation between the results of the
methods in question, as well as the values of regression coefficients do
not bear out the presence of significant systematic errors. It proves that
the used methods give reliable results ol trace element contents in the
investigated geological materials.

Peswome: B CTATBLE ABTOPbLI U3YVHAKT TOYHOCTE PCINVILTATOBR CHNCKTPOXHMHYECKOTO
ONpcacICHHA CNCO0B B MCPHBIX ClaHuax W ApYrux MeT&MOpd}H‘ICCKHX CHITHKATOBbIX
nopoaax, MmonyHCHHbIX MPH ODOMOWH TPEX Pa3HbIX COCKTPOXHMHHMECKHNX MCTOOOB.
nUJ'[}"ICHHh[t‘. PEIYIBLTATEl AHANTHIOB ObIIM CTATHCTHYECKH OUeHeHBI, Ha ocHoee 2TOTO
HCCIeaoBaAHHA Dblia 06Hap}"'lKEHil BBICOKAA KOpPPENAUHA OTIACIbHBIX 3IEMEHTOR,
A TAKKE 3HAYEHHS PErPECCHBHBIX KOIDMHUUMEHTOB HE OTMEHAIOT HATHYHE JHAUMTE b
HBIX CHCTEMATHYECKHX OLNOOK. M3 BhilIENPHBEAEHHOrO BLITEKAET, YTO BCE paspa-
BoTaHHbLIE METOABI MPEAOCTABNAIOT AOCTOBEPHBLIE PEIVILTAThI ONpelelleHHs CNe0B
B MCCTIEN0BAHHLIX TEONOTHYECKHX MaTEPHAAX.

Introduction

In the study of genetic problems of the appearance of pyrite and antimonite
ores in the Pezinok—Pernek crystallinic area in Malé Karpaty Mts., which is
built up mainly by crushed milonitised rocks among which black shales play a
considerable role (Cambel, 1965), the attention was paid to a comprehensive
study of the last rocks because of the presence of elevated contents of some
trace elements (Cambel —Khun, 1979).

For the determination of trace elements in the black shales, as well as in
other metamorphic silicate rocks three different spectrochemical procedures
were proposed and applied.

The reliability i. e. the precision and the accuracy of the obtained analytical
results represents the main basic parameter characterizing the applicability of
the given analytical procedure.

The precision of analytical results is generally characterized by the standard
deviation. It can be estimated using either the results of repeated measurements
on one sample, or parallel results performed on different real samples (P1§k o,
1973). The lated procedure gives a better characterisation of the whole concen-
tration range in question.
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The accuracy of analytical results i. e. their agreement with the true value
can be estimated only by the comparison of results gained by different pro-
cedures respectively by analysing standard reference materials, having certified
contents of elements.

In the case of spectrochemical determination of trace elements in geological
materials, the reliability of results can be ensured by the dilution of sample
with spectrochemical additives (Holdt, 1962), by the appropriate excitation
conditions (P1§ko, 1964), by the heat treatment of samples (Medved —
Plsko, 1979; Medved —Pl&ko, 1980) or by appropriate corrections for
the calculation of concentrations (Holdt, 1964; P1s ko, 1965).

The aim of this work is to evaluate the reliability of analytical results
obtained by the following spectrochemical procedures.

Experimental part

Three different spectrochemical procedures elaborated on the basis of me-
thods published by Ahrens (1954), Fuchs et al. (1966), Blackburn
et al. (1971), Hofmeyr (1972), Medved et al (1974), Medved —Plsko
(1980) and others, were used for the determination of trace elements in meta-
morphic silicate rocks, mainly in black shales and in the standard reference
material ZGI! TB (clay slate).

The working conditions of the applied methods are listed in the Tab. 1.

The applied spectrochemical methods enable to determine 15 trace elements
(B, Ba, Co, Cr, Cu, Ga, Mn, Ni, Pb, Sc, Sr, Ti, V, ¥, Zr) in the said geological
materials in concentration range 3 to 7000 ppm.

Ge, Pd and Eu added in the form of spectral pure compounds (Johnson—
Matthey) as GeOsy, (NH;)» PdACl; and EwOy in the 0.1 ") concentration to the
graphite powder served as internal reference elements.

The wavelengths of the analytical and reference elements are listed in the
Tab. 2.

In order to stabilize the excitation conditions, as well as to diminish the
influence of variable chemical composition, the samples were diluted by the
following spectrochemical additives:

Method I (Geological Institute, Slovak Academy of Sciences): Graphite powder
and NaCl in the relation 4 : 3 : 1.

Methods II (Geological Institute, Komensky University) and

Methods III (Chemical Institute B. Kidri¢) with graphite powder and Li,CO;
in the relation 3 : 6 : 1.

Because of the variable content of differently bound water (1—15 %) and
organogene material, the samples were ignited the Methods T and III for 2 hours
at 950 °C and the lost on ignition was considered at the calculation of the
trace elements concentrations.

The exposure time of 90 s was determined on the basis of evaporation re-
lation curves (P15k o, 1964), which procedure enabled also to check the opti-
misation of the dilution of samples by spectrochemical additives and the choice
of reference elements.

! ZG1 — Zentrales geologisches Institut, Berlin, GDR.
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Table

2

Measured spectral lines and the precision of trace elements determination

Ele-
ment

Ba

L pat

Eu.".

Explanations:

e

nm

233.52
249.77
259.37
283.30
204.36
32475
327.40
308.80
318.39
341.47
305.08
343.82
339.20
345.35
340.51
371.00
424 .68
425.43
284.32
460.73
346.44

265.12
311.40
342.12
459.40

Method 1.

)
Srp

0.0897
0.0650
0.0746
0.802

0.0609
0.0389
0.0687
0.0621
0.0303

0.0941
0.0352
0.0573
0.0859
0.0387

0.0284

— Method 1.,
— Method 1.,
— Method 1.,
— Method I.,

IT., III.
II., III.
II.

II.

Method II.

Srp

0.0411
0.654

0.0416
0.0704
0.2172
0.0437
0.0778
0.0785

0.1998

0.0517

Method III.

Srp

0.0354
0.1087
0.1904
0.1116

0.0951
0.0634

0.0680

0.1279

0.2572

0.1514

0.0613

1L — wavelengths of spectral lines in nm;: S, — relative standard devia-
tion; “Ge, Pd, Eu — internal reference elements.

The composition of the synthetic matrix used for the preparation of calibra-
tion standards was simulated according to the average composition of meta-
morphic rocks given in the Tab. 3. The matrices were homogenised for 2 hours,
ignited at 950 °C and afterwards again homogenised. The calibration standards



TRACE ELEMENTS DETERMINATION IN METAMORPHIC ROCKS 174
Table 3
The composition of the synthetic matrices
Content in ",
Components -
Method I. and III. Method II.
Si0, 60.30 62.00
AlO, 20.55 22,00
Fe,O, 6.92 8.65
MgO 3.00 3.50
CaO 4.00 0.90
Na.,O 1.31 0.15
K.O 3.85 2.80
Table 4
The comparison of the used spectrochemical procedures
Method I. III. Method II. ITIL.
Element - B s
r! Wart~ i Wort
B 0.956 0.690 0.820 0.873
Ba 0.964 1.261
Co 0.941 1.059 0.928 1.509
Cr 0.935 1.109 0.984 0.795
Cu 0.996 0.959 0.993 0.918
Ga 0.943 0.854
Ni 0.999 1.017 0.876 0.494
Pb 0.859 0.714
Sr 0.965 0.905 0.945 0.636
v 0.925 1.691 0.946 1.237
Zr 0.945 0.734 0.643 0.635
Explanations: 'v — correlation coefficient; *wor — orthogonal regression coefficient.

were prepared by the addition of known concentrations of the analysed ele-
ments in the form of appropriate spectral pure compounds, mainly oxides.
The blackening of the measured spectral lines was transformed to intensity
values by the use of emulsion calibration curves constructed by the use of pre-
liminary curves (P15 ko, 1969). The spectra of the synthetic calibration stan-
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Table 5

The contents of trace elements in the certified reference material ZGI — TB (clay
slate) in ppm (time period: Apr. 1977 — March 1982)

Element ap! s? gp" st Co* n' = 48
Ba 829 35 829 0.043 725
B 94 10 93 0.117 92
Mn 415 17.7 414 0.044 420
| Pb 7.8 0.6 7.8 0.075 T
Ga 26 2.2 26 0.090 25
Cu 44.6 3.4 44.6 0.083 50
Ti 5354 194 5351 0.037 5580
v 102 9.3 101 0.096 106
Ni 42.6 3 42.5 0.071 40
Zr 176 42 171 0.308 175
Co 12.5 1 125 0.080 13
X 38.5 3 38.4 0.081 39
Se 13.4 1.7 13.3 0.137 13.4 !
Cr 90.4 9.3 90 0.109 80 |
Sr 167 5 167 0.031 155
Explanations: 'a, — arithmetical mean; *s — standard deviation: “gp — geometrical
mean; ‘s, — relative standard deviation: °C,, — recommended value, Flanagan

(1973); "'n — number ol analytical data.

dards, as well as of the standard reference material ZGI-TB were taken three
times, the spectra of samples two times.

Owing to the logarithmic-normal distribution of spectrochemical results
(Ahrens, 1962; Plsko — Kubova, 1978) the average of the results was
expressed by the geometrical mean of the obtained results.

Results and discussion

Samples of black shales, as well as of other metamorphic silicate rocks from
the Western Carpathians were analysed for to evaluate the parameters of the
described spectrochemical procedures.

The relative standard deviations listed in the Tab. 2 were estimated from
the results of the repeated takings of spectra.

In order to describe the reliability of the results obtained by the described
procedures, correlation and regression coefficients mutually between two me-
thods were calculated. The corresponding numerical values are presented in
the Tab. 4. The obtained correlation coefficients for the determination of all ele-
ments by all combinations of the used methods are practically equal to one.
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what proves a very high correlation of the results. The values of orthogonal
regression coefficients are in the majority of cases also not far from one and
their occasional deviations do not corroborate the presence of significant syste-
matic error for the range adjacent to their mean contents (P18 k o, 1984). It can
therefore be concluded that the presented analytical methods furnish reliable
results for the trace element contents in the studied geological materials.

Apart from that, the Method I was used for the determination of trace ele-
ments in the certified reference material ZGI-TB (clay slate). The results of
repeated analyses performed in a greater time period are presented in the Tab.
5 and compared with the recommended values published by Flanagan
(1973). These results also witness for a broad applicability of the described
procedures as it has already been proved by the geochemical conclusions on
black shales (Cambel—Khun, 1979; Cambel —K hun, 1983) achieved
on the basis of analytical results obtained by the described spectrochemical
methods.

Translated by E. Chmulikova
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