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M. FRANZINI, L. LEONI 'k 

A FULL MATRIX CORRECTION IN X-RAY FLUORESCENCE 

ANAL YSIS OF ROCK SAMPLES 

Riassunto - Si mette in evidenza la possibilità di eseguire analisi chimiche di 
campioni di rocce, per mezzo della fluorescenza dei raggi X, attraverso una cor
rezione degli effetti di matrice. L'analisi viene condotta direttamente su pasticche 
della roccia polverizzata. Il metodo consente la determinazione dei seguenti ossidi 
MgO, Al203' Si02, P 205' K20, CaO, Ti02, MnO, Fe20 3 ed è applicabile a tutte Je 
rocce che, oltre i citati componenti ed H 20 e Na20, non contengono altri elementi 
quali costituenti maggiori. Il metodo consente, utilizzando uno spettrografo nor
male, di eseguire circa 50 analisi complete nel tempo di una settimana. 

Si riportano i dati relativi a 28 standard internazionali di rocce e minerali, ed 
a 36 rocce analizzate in questo Istituto. 

Summary - A new matrix correction method in X-ray fluorescence analysis is 
outlined. This method, utilizing powder pellets is applied to the analyse of the 
major elements Mg, Al, Si, P, K, Ca, Ti, Mn and Fe in rocks and minerals. 

Data are reported for 28 international standards of rocks and minerals, and 
for 36 rocks chemically analyzed in our Institute. 

INTRODUCTION 

This account presents an extremely rapid method of chemical 
analysis by X-ray fluorescence of rocks and minerals for the major 
elements, Mg, Al, Si, P, K, Ca, Ti, Mn and Fe. 

The method has been developed as an application of a more 
comprehensive study of the matrix effects in X-ray fluorescence 
analysis. The first aim of our was effort in fact to verify the validity, 
from a practical point of view, of the well known formula: 

('~) Istituto di Mineralogia e Petrografia dell'Università di Pisa. Lavoro eseguItu 
con il contributo del C.N.R. 
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c 
I K----------------

During this study we reached the conclusion that it is possible 
to make a full correction of matrix effects so that a routine analysis, 
utilizing powder pellets, is possible. 

The method here outlined is applicable to rocks of widely 
differing compositions and therefore it is useful for studying whole 
series of rocks and minerals as well as for analyzing a single 
specimen. 

A Philips PW 1540/10 A manual X-ray spectrometer has been 
used. To achieve high precision, ratios have been taken of alI 
measurements and related to one rock pellet that has been re
peatedly measured after every three unknown ones (LEAK et al. 
[ 1969]). 

No attempt will be ma de to outline the generaI principles of 
X-ray fluorescence spectrography. 

TECHNIQUE 

AlI the analyzed rock specimens have been carefully pulverized 
in an agate ball mill. The powders were sieved through a 250 mesh 
nylon bolting cloth and then homogenised. No biotite effect has 
been detected. 

Pellets have been prepared in a brass ring and supported by 
boric acido No binder has been used. 

The operating conditions of the X-ray spectrometer are report
ed in Table L 

Matrix correction 

Numerous investigators have shown that for infinitely thick 
specimens the fluorescence intensity, I j ,of the element j in a 
sample containing N elements, is related to the mass absoption 
coefficients of the sample by: 

K j ---------------------- ( 1 ) 
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where Cj is the concentration of the element j; Al and A2 are the 
mass absorption coefficients of the sample to the exciting À1 and 
fluorescent À2 radiations, 8 1 and 8 2 are the angles the incident and 
emergent beams make with the surface of the specimen. 

This relation holds in absence of enhancement effects. The 
aim of this work is however to see if the relation (1) holds true, 
from a practical point of view, even when there are enhancement 
effects, which will be regarded as negative absorption effects. 

Regarding enhancement effects as negative absorption effects, 
and assuming a prefixed set of operating conditions, it is easy to 
see that: . 

N 

"K·· c· ~ j , l l 

i = 1 

Therefore the basic relation we assume to relate the fluorescent 
intensity I j to the chemical composition of a given sample is of the 
type: 

Cj 

I j (2) 
N 

~ K· · J , l Ci 
i = 1 

where Ci are the concentrations of the elements in the sample, N is 
the number of elements in the sample and Kj,i are coefficients, with 
the meaning of absorption coefficients, which however cannot be 
computed from tables of mass absorption coefficients. 

It is worthy to be noted that relation (2) holds true for infinitely 
thick specimens and that coefficients Kj,i contains both absorption 
and enhancement effects. 

A way to evaluate the practical validity of relation (2) is to select 
a number M (M > N) of rocks, of known chemical composition, to 
measure the fluorescence intensities J 1, j (l = 1 .. .. M, j = 1 .... N) 
and to try to solve the N sys,tems (for j = 1 .... , N) of the type 

N 

LKj,i cl,i = cu/lu 
i = 1 

(l = 1 .... , M) 

(3) 
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The computed set of Kj ,i enables, through relation: 

N 

(CI,j)C = Il ,j ~Kj,i Cl,i 
i = 1 

to compute a set of calculated concentrations (Cl,j)c. 

Il 

(4) 

Relations (2) is true, from a practical point of view, if the 
defferences 

(Cl,j)C - (Cl,j)o 

where (Cl,j)o is the known chemical concentration of the element j 
in sample l, are sufficiently small. 

In this istance not only we have proved the validity of the 
relation (2) but we have as well found a very good method of X-ray 
fluorescence analysis. 

To compute the values of Kj,i coefficients a least square program 
to solve systems (3) has been written for the IBM 7090 computer 
of the C.N.D.C.E computing center of the Dniversity of Pisa. 

The Kj,i values thus obtained have allowed to compute a first 
set of (Cl,j)c. Then the Kj,l values were refined solving iteratively by 
a least square program the N equation systems (for j = 1 .... , N) 

N 

I[8(Kj,i CI ,i)/8(Kj ,J]Aj,i = (Cl,j)c - (Cl,j)o Cl 1 .... , M) 
i = 1 

and putting for every iteration 

The iterations were stopped when a convergence of the Kj,i 
values was obtained. 

At this stage a new set of diffetences, A Cl,j, between observed 
and calculated concentrations was computed: 

A Cl,j = (Cl,j)o - (Cl,j)c 

The A Cl,j values were, at this stage, sufficiently small. Therefore we 
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feel confident that relation (2) may be utilized from a practical point 
of view. 

Now the Kj, i values and the Il,j measured intensities may be 
utilized to compute (Cl, j)c values from relation (4) . 

To do this task a first set of computed concentrations, (Cl,j)l , is 
calculated from a relation of the type: 

(5) 

where Bj is a linear coefficient whose value has been appropriately 
selected. 

Next we compute 

N 

(Cl,j)2 = I l,j ~ Kj,i (Cl,i)l 
i = 1 

and so on until we have: 

where E is a small prefixed value and 

N 

Il,j ~ Kj,i (Cl.Jm 
i = 1 

For every cycle of this computation we put 

100 

(6) 

(7) 

In what follows the (Cl,j)c values are the values obtained from 
the computations now described. 

At this stage a new set of differences À Cl,j was computed. Then 
the linear correlation coefficients between À Cl,j and (Cl,j)o were 
computed. All the correlation coefficients being very small, the 
computed Kj,i values were regarded as satisfactory, meaning that 
the matrix effects due to the chemical composition of samples were 
satisfactory corrected for. 



A FULL MATRIX CORRECTION IN X-RAY FLUORESCENCE, ETC. 13 

Experimental methods 

To compute the Kj,i values the X-ray fluoresccnce intensities 
were measured for nine elements (Mg, Al, Si, P, K, Ca, Ti, Mn, Fe) 
in 64 rock samples. Of these 64 samples, 36 were analyzed by the 
Institute of Mineralogy and Petrology of the University of Pisa (F. 
Innocenti and R. Mazzuoli analysts), and 28 were international 
standards. The chemical analysis of the international standards 
are fulIy reported in Table II. Table III reports some data about 
the rocks of our Institute. A table with the complete chemical data 
is available on request. It is to be noted that we have not measured 
Na intensities, because our instrument is not equipped to measure 
such a light elemento 

Although there is not any theoretical impossibility to extend 
this method to the measurement of the Na also, it is clear that, to 
apply our data, the concentrations of Na20 as well as H20, must 
be known before the X-ray fluorescence analysis can be done. The
refore to compute relations (5), (6) and (7), the H 20 + and Na20 
concentrations wilI be those that have been independently measured. 

The computed Kj,i values are reported in Table IV. The values 
of the columns relative to P and Mn have not been computed 
because these two elements are always in such a little concentration 
that they do not influence the intensities of the other elements. 

The correlation coefficients between il Cl,j and (Cl,j)o are reported 
in Table V. 

For 64 samples a linear correlation coefficient equal to 0.25 
means that there is no correlation at the level of 5% of confidence. 
We feel confident therefore that our Kj ,i coefficients assure an extre
mely efficient correction of the matrix effects due to the chemical 
composition. 

DrscussrON 

For what concerns the preClSlon of our results reference can 
be made to the discussion of LEAKE et al. [1969]. We have in fact 
utilized a technique of measurement very similar to the one of these 
authors. 

For confirmation of the accuracy reference can be made to 
Table II which reports alI the data computed for international 
standards. 
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TABLE II 6 - Comparison of Standard rock for major elements (%). 

99a Mica-Fe Mica-Mg 
(Na. Feldsp.) (Biotite) (Phlogopite) 

(1) (2) (1) (2) (1) (2) 

H 20 0.26 4.72 4.86 

Na20 6.22 4.25 0.12 

MgO 0.0 0.0 4.50 4.95 20.85 21.18 

A1203 20.57 20.24 19.17 17.87 15.40 

Si02 65.45 65.84 33.80 33.41 38.03 37.05 

P20 5 0.02 0.04 0.48 0.33 0.028 0.020 

K20 5.22 5.24 8.65 8.64 9.92 9.68 

CaO 2.15 2.08 0.49 0.48 0.095 0.02 

Ti02 0.007 0.012 2.51 2.59 1.65 1.65 

MnO 0.0 0.0 0.364 0.359 0.256 0.240 

Fe20 3 0.065 0.076 25.17 26.04 9.47 9.07 

(1) Recommended or provisional values. 
(2) X-ray calculated values. 

TABLE III - Some data on the rocks of Institute of Mineralogy and Petrology of 
Pisa. 

Concentration range 

MgO 0.22 39.07 

A1203 2.45 18.97 

Si02 7.72 93.59 

P20 5 0.04 0.63 

K20 0.03 7.57 

CaO 0.84 48.65 

Ti02 0.04 2.29 

MnO 0.03 0.21 

Fe20 3 0.97 16.29 
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Table VI reports the mean relative error and the mean differen
ce for 64 rocks. The mean relative error is defined as follows: 

M 

L, I (A Cl,j)/(Cl,j)o 
l == 1 

Ej 

M 

The mean difference A is defined as follows: 

M 

L, I (Cl,j)o - (Cl,j)c 
l == 1 

M 

TABLE VI - Values of mean relative error tj and mean differences Àj for the M 
rocks. 

Mean relative Mean difference 

error t À (%) 

MgO 15.6 0.490 

Al20g 7.8 0.510 

SiO~ 1.8 0.570 

P205 28.0 0.037 

K20 12.7 0.127 

CaO 10.0 0.290 

Ti02 18.0 0.085 

MnO 27.0 0.019 

Fe20 g 9.7 0.250 
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TABLE VII - Values of Ej and I::.. j far prefixed intervals of concentrations. 

Concentration Mean relative Mean difference 

range % error % 

MgO O 5 19.9 0.362 

5 - 15 10.0 0.750 

15 - 45 2.0 1.034 

Al20s O - 10 22 .9 0.364 

10 - 55 3.6 0.546 

Si02 O -10 5.9 0.216 

lO - 95 1.2 0.623 

P20 5 O 0.1 53.7 0.0153 

0.1 - 1 18.6 0.0539 

K 20 O 1 57.0 0.0296 

5 37. 0.0965 

5 - 15 37. 0.258 

CaO O 1 30.9 0.133 

1 -10 7.7 0.273 

10 - 68 0.9 0.375 

Ti02 O - 0.1 34.8 0.0060 

0.1 - 2.8 14.9 0.111 

MnO O - 0.1 29.8 0.018 

0.1 - 14.2 0.024 

Fe20 S O - 1 27.0 0.111 

- lO 5.7 0.244 

10 - 26 3.3 0.478 

More interesting are the data of Table VII where the value of 
tj and .::lj are reported for prefìxed intervals of concentrations. 
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