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

(Tabs. 5) 

A b s t r a c t : The rel iabi l i ty of t r a c e e lements d e t e r m i n a t i o n in black 
shales and other m e t a m o r p h i c si l icate rocks by t h r e e described spectro-
chemical procedures was invest igated. T h e obta ined analyt ica l resul ts 
w e r e s tat is t ical ly t rea ted . A high corre la t ion b e t w e e n t h e results of t h e 
methods in quest ion, as wel l as t h e values of regress ion coefficients do 
not bear out t h e presence of s ignif icant sys tematic er rors . It proves t h a t 
the used methods give rel iable resul ts of t race e lement contents in the 
invest igated geological mater ia l s . 

Pe3K)Me: B CTaTbe aBTopbi inynaioT TOMHOCTb peiyjibTaTOB cneKTpoxwviHMecKOro 
onpeneJienHH cneaOB B nepubix cuaHuax n apyriix MeTaiviopfpMHecKHX CHjiHKaxoBbix 
noponax, nouyHeHHbix řípu noMOinií Tpex pa3Hbix cneKTpoxnMnnecKnx MCTOAOB. 
nonyieHHbie peiyjibTaTbi aHajiH30B 6biun CTaTHCTHnecKH oueHeiibi. Ha ocHOBe SToro 
HccnenOBaHHji 6biJia oÔHapyjKeHa BbicoKaa KoppennuHH omeJibHbix sxieMenTOB, 
a TaK»e 3HaHennH perpeccHBHbix KosctxtwiiHeHTOB He OTivieiaroT najiHine 3HaHHTenb-
Hbix CHCTeMaTMMecKHX OIHH6OK. 143 BbiLuenpHBeaeHnoro BbiTeKaeT, MTO Bee pa3pa-
ĎOTaHHbie MeTOAbi npeziocTaBJiiifOT nocTOBepubie pe3y.nbTaTbi onpeneJiennii cjreflOB 
B HCcnenoBaHHbix reonorHHecKHX MaTepna/iax. 

Introduction 

In the study of genetic problems of the appearance of pyri te and ant imonite 
ores in the Pez inok—Pernek crystallinic area in Malé Karpaty Mts.. which is 
built up mainly by crushed milonitised rocks among which black shales play a 
considerable role ( C a m b e l , 1965), the at tent ion was paid to a comprehensive 
study of the last rocks because of the presence of elevated contents of some 
trace elements ( C a m b e l — K h u n , 1979). 

For the determinat ion 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 s tandard 
deviation. It can be estimated using either the results of repeated measurements 
on one sample, or parallel results performed on different real samples (P 1 š k o, 
1973). The lated procedure gives a better characterisat ion of the whole concen­
trat ion range in question. 
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The accuracy of analytical results i. e. their agreement with the t rue value 
can be estimated only by the comparison of results gained by different pro­
cedures respectively by analysing s tandard reference materials, having certified 
contents of elements. 

In the case of spectrochemical determinat ion of trace elements in geological 
materials, the reliability of results can be ensured by the dilution of sample 
with spectrochemical additives (H o 1 d t, 1962), by the appropriate excitation 
conditions (P 1 š k o, 1964), by the heat t r e a t m e n t of samples ( M e d v e ď — 
P 1 š k o, 1979; M e d v e ď — P l š k o , 1980) or by appropr iate corrections for 
the calculation of concentrat ions (H o 1 d t, 1964; P l š k o , 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 A h r e n s (1954), F u c h s et al. (1966), B l a c k b u r n 
et al. (1971), H o f m e y r (1972), M e d v e ď et al. (1974), M e d v e ď — P l š k o 
(1980) and others, were used for t h e determinat ion of trace elements in meta-
morphic silicate rocks, mainly in black shales and in the s tandard reference 
mater ia l Z G I 1 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, Se, Sr, Ti, V, Y, Zr) in the said geological 
mater ia ls in concentrat ion range 3 to 7000 ppm. 

Ge, Pd and Eu added in the form of spectral pure compounds ( J o h n s o n — 
M a 11 h e y) as G e 0 2 , (NH 4 ) 2 PdCl/, and E u 2 0 3 in t h e 0.1 % concentrat ion to the 
graphi te 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 addit ives: 

Method I (Geological Inst i tute, Slovak Academy of Sciences): Graphi te powder 
and NaCl in the relation 4 : 3 : 1 . 

Methods II (Geological Inst i tute, Komenský University) and 
Methods III (Chemical Inst i tute B. Kidrič) wi th graphite powder and Li2CO : 1 

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 I and III for 2 hours 
at 950 °C and t h e lost on ignition was considered at the calculation of the 
trace elements concentrations. 

The exposure t ime of 90 s was determined on the basis of evaporat ion re­
lation curves ( P l š k 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. 

ZGI — Zentrales geologisches Institut, Berlin, GDR. 
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T a b l e 2 

M e a s u r e d spectra l l ines and t h e precision of t race e lements d e t e r m i n a t i o n 

Ele­
m e n t 

Ge : l 

Pcl:1 

Eu : ! 

A1 

n m 

Ba 

B 

M n 

P b 

G a 

Cu 

Ti 

V 

Ni 

Zr 

Co 

Y 

Sc 

Cr 

Sr 

233.52 

249.77 

259.37 

283.30 

294.36 

324.75 

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 I. 

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 

— M e t h o d L, II., I II . 

— Method L, II., I II . 

— Method I., II . 

— Method I., II . 

Method II. 

0.0411 

0.654 

0.0416 

0.0704 

0.2172 

0.0437 

0.0778 

0.0785 

0.2506 

0.1042 

0.0270 

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 

Explanations: 'A — w a v e l e n g t h s of spectra l l ines in n m ; - S r p — relat ive s t a n d a r d devia­
t i o n ; : lGe, Pd, Eu — i n t e r n a l re ference e lements . 

T h e c o m p o s i t i o n of t h e s y n t h e t i c m a t r i x u s e d for t h e p r e p a r a t i o n of c a l i b r a ­
t i o n s t a n d a r d s w a s s i m u l a t e d a c c o r d i n g t o t h e a v e r a g e c o m p o s i t i o n of m e t a -
m o r p h i c r o c k s g i v e n i n t h e T a b . 3. T h e m a t r i c e s w e r e h o m o g e n i s e d for 2 h o u r s , 
i g n i t e d a t 950 °C a n d a f t e r w a r d s a g a i n h o m o g e n i s e d . T h e c a l i b r a t i o n s t a n d a r d s 
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T a b l e 3 

The composition of the synthetic matrices 

S i O j 

AlaO : ! 

Fe 20 : ! 

MgO 

CaO 

N a j O 

K..O 

C jmponen t s 
Content 

Method I. and III . 

60.30 

20.55 

6.92 

3.00 

4.00 

1.31 

3.85 

í 

in »,„ 

Method II . 

62.00 

22.00 

8.65 

3.50 

0.90 

0.15 

2.80 

T a b l e 4 

The comparison of the used spectrochemical procedures 

Element 

B 

Ba 

Co 

Cr 

Cu 

Ga 

Ni 

Pb 

Sr 

V 

Zr 

Method I. I II . 

r-

0.956 

0.964 

0.941 

0.935 

0.996 

0.943 

0.999 

0.859 

0.965 

0.925 

0.945 

Wort2 

0.690 

1.261 

1.059 

1.109 

0.959 

0.854 

1.017 

0.714 

0.905 

1.691 

0.734 

Method II . 

r 

0.820 

0.928 

0.984 

0.993 

0.876 

0.945 

0.946 

0.643 

III . 

Wort 

0.873 

1.509 

0.795 

0.918 

0.494 

0.636 

1.237 

0.635 

Explanations: 'r — correlation coefficient; -Won — orthogonal regression coefficient. 

were prepared by the addition of known concentrations of the analysed ele­
ments in the form of appropr ia te spectral pure compounds, mainly oxides. 

The blackening of the measured spectral lines was t ransformed to intensi ty 
values by the use of emulsion calibration curves constructed by the use of p re ­
l iminary curves (P 1 š k o, 1969). The spectra of the synthetic calibration s tan-
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T a b l e 5 

The contents of t race e lements in the certified reference m a t e r i a l ZGI — TB (clay 
slate) in p p m (time p e r i o d : Apr. 1977 — M a r c h 1982) 

E l e m e n t 

B a 
B 
M n 
P b 
Ga 
Cu 
Ti 
V 
Ni 
Zr 
Co 
Y 
Sc 

' Cr 
Sl­

ap1 

829 
94 

415 
7.8 

26 
44.6 

5354 
102 

42.6 
176 

12.5 
38.5 
13.4 
90.4 

167 

ŝ  

35 
10 
17.7 

0.6 
2.2 
3.4 

194 
9.3 
3 

42 
1 
3 
1.7 
9.3 
5 

gp : l 

829 
93 

414 
7.8 

26 
44.6 

5351 
101 

42.5 
171 

12.5 
38.4 
13.3 
90 

167 

Sr« 

0.043 
0.117 
0.044 
0.075 
0.090 
0.083 
0.037 
0.096 
0.071 
0.308 
0.080 
0.081 
0.137 
0.109 
0.031 

Co5 

725 
92 

420 
7 

25 
50 

5580 
106 

40 
175 

13 
39 
13.4 
80 

155 

i 

n11 = 48 

Explanations: 'a p — arithmetical mean; -s — standard deviation; ;,,gp — geometrical 
mean; 4s r — relative standard deviation; "'C,, — recommended value, F l a n a g a n 
(1973); l !n — number of analytical data. 

dards, as well as of the s tandard reference mater ia l ZGI-TB were taken three 
times, the spectra of samples two times. 

Owing to the logari thmic-normal distr ibution of spectrochemical results 
(A h r e n s, 1962; P l š k o — K u b o v á . 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 s tandard 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 mutual ly between two me­
thods were calculated. The corresponding numerical values are presented in 
the Tab. 4. The obtained correlation coefficients for the determinat ion 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 m e a n contents (P 1 š k o, 1984). It can 
therefore be concluded t h a t t h e 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 determinat ion of trace ele­
ments in the certified reference mater ia l ZGI-TB (clay slate). The results of 
repeated analyses performed in a greater t ime period are presented in the Tab. 
5 and compared with the recommended values published by F l a n a g a n 
(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 ( C a m b e l — K h u n , 1979; C a m b e l — K h u n , 1983) achieved 
on the basis of analytical results obtained by the described spectrochemical 
methods. 

Translated by E. Chmulíková 
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