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Due to the differences in the matrix effects between different types of rocks, the target element contents in
different rocks cannot be accurately determined by in situ X-ray fluorescence (XRF) analyses with the same
parameters of the quantification procedure. We investigated the matrix effect correction methods of an in situ
energy dispersive X-ray fluorescence (EDXRF) analysis for different matrix rock samples using Monte Carlo
simulations (17 types of rock samples) and experimental verification (10 types of rock samples), in which both
Cu and Zn were selected as target elements. The following conclusions were drawn. The matrix effect classifi-
cation of the rock samples was not completely controlled by the detectable elemental composition or petro-
graphic classification. According to the correlation between the spectral parameters and the characteristic X-ray
intensity of the target elements, the matrix effect classification of rock samples could be more detailed. For rock
samples in the same rock classification set and with the same target element content, the target element K, X-ray
intensity could be accurately described by the main spectral parameters, which include the scattering back-
ground at an energy interval of 4-19 keV, the Compton peak and the Rayleigh peak. Then, a matrix effect
correction method was established, which allowed for the fast measurement of the target element contents of
different rock samples by following the same parameters of the quantification procedure in the in situ EDXRF
analysis. Simultaneously, six types of rock samples containing 3% Zn were selected as the validation set, and the
relative errors of the target element content measurements in different rock samples were all less than 6% using
the same parameters of the quantification procedure.

1. Introduction

Portable energy dispersive X-ray fluorescence (EDXRF) spectrometry
is widely used in the in situ elemental composition analysis of rocks and
minerals in geological sciences [1-3]. EDXRF has the advantages of
convenient operation, rapid in situ detection, and non-destructive
multielement analysis [4]; however, the matrix effect of the sample is
one of the main factors that determines the quality of EDXRF data, and if
the effective matrix effect correction is absent, then the reliability of the
sample analysis results will be markedly reduced [5,6]. Consequently,
matrix effect correction is important to enhance the accuracy of portable
EDXRF analyses.

To improve the accuracy of EDXRF analyses, matrix effect calibration
curves for different target elements in rock samples have been estab-
lished, and many matrix effect correction methods, such as the funda-
mental parameter method [7-9], empirical coefficients method [10],

influence coefficient method [11,12] and external standard method
[13,14], have been widely used to correct the absorption enhancement
effects between elements within the matrix. In geological surveys, the
hybrid correction method, which combines the fundamental parameters
method and the empirical coefficients method [15], and the external
standard method [16] are the main methods used to correct the matrix
effect. Due to the complexity of rock-forming conditions and the dif-
ferences in chemical compositions, the matrices of different rock types
have marked differences. Most conventional correction methods are
built on samples with similar elemental compositions in close concen-
tration ranges. Thus, the parameters of the quantification procedure for
a specific type of rock that is based on conventional correction methods
may not be applicable to other types of rocks [17].

In the past, many methods have been successively proposed to
address this issue. For example, the correction equations for target ele-
ments in different rock types were used to correct the values obtained at
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the quantification procedure provided by the instrument manufacturer
[3]. The carbonate-specific quantification procedure was proposed
based on the method of statistical analyses for the target element content
between EDXRF and other conventional methods (i.e., WD-XRF, ICP-MS
and ICP-OES), but this quantification procedure could not be used for
other rock types, which differ in the elemental concentration ranges and
matrix [18]. The internal regression quantification procedure for
mudrock based on a reliable elemental dataset from hierarchical cluster
analyses can provide qualitative elemental data from uncalibrated
measurement instruments [19]. However, due to the effects of the
variation in the instrument performance, the quality of the EDXRF data
[20], and the limitation of applying these methods to specific rock types,
it is difficult to obtain satisfactory results for all rock types with these
methods. Recently, some more complex matrix effect correction
methods, such as the iterative Monte Carlo method [21], have been
implemented in EDXRF analyses. Although those complex matrix effect
correction methods could be applied to the matrix effect correction for
different rock types, those methods require powerful data processing
capabilities, which is the main factor that limits their wide application in
in situ EDXRF analyses. Therefore, it is necessary to study the difference
in the matrix effects between different rock types to establish the matrix
effect correction method of in situ EDXRF analyses that can quickly and
accurately determine the target element contents of different rock
samples with the same quantification procedure parameters.

In addition, it is difficult to collect or prepare some measurement
materials for EDXRF analyses, and Monte Carlo simulations have long
been used as an alternative method for preliminary experimental anal-
ysis [22-24]. The advantage of a Monte Carlo simulation is that it can
take all physical phenomena that occur during the lifetime of a photon
into account [25]. When the measurement conditions of EDXRF analysis
and elemental composition of the sample to be tested are known, then
the complete spectral response of EDXRF for this sample can be obtained
by Monte Carlo simulation.

In this study, we discuss the use of the matrix effect classification of
EDXREF for different rock samples through Monte Carlo simulations and
develop a matrix effect correction method that can be used to determine
the target element contents of different rock samples with the same
parameters of the quantification procedure in the in situ EDXRF analysis.
A confirmatory experiment also demonstrated the effects of the matrix
effect classification of different rock samples and the practicality of the
matrix effect correction method.

2. Matrix effect classification of Cu by Monte Carlo simulation
2.1. Simulation parameters

Because a large variety of rock samples are required for matrix effect
analyses, and some samples are difficult to collect or prepare, a Monte
Carlo simulation is initially chosen to investigate matrix effects in an
EDXRF analysis. Portable EDXRF spectra simulations are performed
with the open-source software Geant4, which is a general-purpose
Monte Carlo toolkit that can be used to describe particle interactions
in matter in the energy range from a few eV to TeV [26]. In Monte Carlo
simulation, only the geometric setup of the portable EDXRF spectrom-
eter and the elemental composition of the sample must be set to obtain
the EDXRF simulation spectra of the corresponding samples. The geo-
metric setup references the structure of the conventional portable
EDXRF spectrometer and the technical data sheet of a miniature X-ray
tube by Moxtek, Inc. [27] The miniature X-ray tube was provided with a
collimator that has a 2-mm-diameter hole, a silver (Ag) transmission
target, and a 250-pm-thick beryllium end window. Electrons with a 35-
kV accelerating voltage bombard the 2-pm-thick Ag target within a
diameter range of 1.6 mm; these electrons are then used to induce X-ray
emission, where the X-ray emission angle is 46°. The vertical distance
between the X-ray exit portal and the top surface of the rock sample is 7
mm, and the angle between the detector axis and the X-ray emission axis
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is 80°. The geometric setup of the portable EDXRF setup is shown in
Fig. S1 (Appendix) in the supplementary material. The purpose of using
Monte Carlo simulations is to obtain the variation pattern of matrix ef-
fects for different rock types when the same target element content is
measured. To remove the influence of the detector on the simulation
results due to the difference in the detection efficiency of different en-
ergy rays, the flux-recording module replaces the detector in the model
of Fig. S1 (Appendix). For the difference between the simulation spectra
obtained using the detector and the flux-recording module, there is a
difference in the detection efficiency of the former for different energy
rays, while the latter is the same. Due to this difference, the spectral
intensity of the simulation spectra cannot compare directly with the
measured spectra, but the variation pattern of matrix effects for different
rock types can be obtained completely, and this variation pattern is
applicable to EDXRF spectrometers equipped with different types of
detectors.

There were 17 types of metallogenetic rock samples used in the
Monte Carlo simulations to obtain the EDXRF spectra; these types of
samples included 13 types of igneous rocks (granite, pantellerite, dio-
rite, quartz diorite, monzodiorite, andesite, syenite, monzonite, quartz
monzonite, gabbro, anorthosite, biotite carbonatite, and calcite carbo-
natite), 2 types of metamorphic rocks (phyllite and mica schist), and 2
types of sedimentary rocks (limestone and dolomitic limestone). The
elemental compositions of the rock samples were consistent with rele-
vant geological data and the GeoReM Database [28]. The elemental
composition data for all the rock samples are listed in Table S1 (Ap-
pendix) in the supplementary material. In addition, each rock sample
contained the same Cu contents of 2%, 3%, 4%, and 5% by weight. Each
rock sample had the same simulation parameters, such as moisture and
density, except for the elemental compositions. Thus, the variation in
the Cu K, X-ray intensity of the EDXRF spectra was entirely caused by
the matrix effect of the rock samples. The portable EDXRF spectra of 17
types of rock samples were simulated, and the simulation spectra of the
four rock samples are shown in Fig. 1.

2.2. Matrix effect classification of the different rock types

The similarity of the elemental composition of the rock samples was
studied using cluster analysis, which was the main method used for rock
source analysis, and different rock samples could be classified by this
method according to the degree of elemental composition similarity.
The results of the cluster analysis of the elemental compositions of all the
rock samples are shown in Fig. S2 (Appendix). Biotite carbonate, calcite
carbonate, limestone, and dolomitic limestone have many similarities in
terms of elemental composition, while the elemental compositions of the
other 13 types of rock samples are also similar.

The main spectral parameters that have the closest relationship with
the variation in the Cu K, X-ray intensity according to the matrix effect
for all rock types were extracted by correlation analysis. The EDXRF
spectra of each rock type with the same Cu content (2% by weight) were
simulated, and the results of the correlation analysis of those spectral
parameters are listed in Table S2 (Appendix). The correlation scatter
diagrams between the Cu K, X-ray and some spectral parameters are also
shown in Fig. S3 (Appendix). The intensity of the Cu K, X-ray exhibited a
strong linear correlation with the intensity of the spectral parameters,
including the scattering background at the energy interval of 4-19 keV,
the Compton peak and the Rayleigh peak of all the rock types except for
biotite carbonate and calcite carbonate. Because the Compton and
Rayleigh peaks are similarly affected by the matrix effect, they can
retain a strong linear correlation with the intensity of Cu K, X-rays in
different rock types. The scattering background also has a strong linear
correlation with the intensity of the Cu K, X-ray due to its more sensitive
reflection to the change in the sample matrix, which is consistent with
the conclusions of Bastos et al. [29] For the K-series X-ray intensity of Si
and K, those spectral parameters have a weak linear correlation with the
Cu K, X-ray intensity due to absorption-enhancement effects caused by
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Fig. 1. EDXRF simulation spectra of four kinds of rock samples with 2% Cu by weight.

other elements in the rocks, such as Ca and Fe. The Ca, Ti, Mn, and Fe
contents varied markedly depending on the lithology of the rock sam-
ples; thus, their linear correlations with the Cu K, X-ray intensity were
not considered.

Based on the results of the correlation analysis between the Cu K, X-
ray intensity and those spectral parameters, two igneous rocks (biotite
carbonate and calcite carbonate) differed from the other 15 types of rock
including limestone and dolomite limestone, where those 15 types of
rock belong to the same classification set under the correlation analysis.
Comparing the two igneous rocks (biotite carbonate and calcite car-
bonate) with the two sedimentary rocks (limestone and dolomite lime-
stone), the variation in the Cu K, X-ray intensity caused by the matrix
effect was markedly different. Thus, it is insufficient to consider the
matrix effect classification of the target element in the rock samples
simply based on petrographic classification or detectable elemental
composition similarity. This classification should include a correlation
analysis of the spectral parameters and the target element K, X-ray in-
tensity in the EDXRF spectra of each rock type.

2.3. Matrix effect correction for the different rock types

According to the results of the correlation analysis of the spectral
parameters for the different rock types, the main spectral parameters,
which had a strong linear correlation with the intensity of the target
element K, X-rays, were used to correct the matrix effects between
different rock types in the same rock classification set. In the in situ
EDXRF analysis, low-energy X-rays, such as the K, X-rays of Si and K, are
more severely affected by air absorption than X-rays with other energies.
Additionally, the enhancement effects of other elements in the rock
samples are also strong for the K, X-ray intensities of Si and K. Therefore,
the main spectral parameters that were less affected by the measurement
conditions and that had a strong linear correlation with the intensity of
the target element K, X-rays in the in situ EDXRF analysis were selected
for the matrix effect correction. Then, the target element K, X-ray in-
tensity was described by the main spectral parameters, which included
the scattering background at an energy interval of 4-19 keV, the
Compton peak, and the Rayleigh peak through the following equation:

Ny = A+Kk;-Npg +ka-Nr +k3-Nc (@]

where Ny is the intensity of the target element K, X-rays; Npg is the in-
tensity of the scattering background at the energy interval of 4-19 keV;
Ny is the intensity of the Rayleigh peak; N¢ is the intensity of the
Compton peak; ki, ko, and k3 are the least-squares fitting coefficients for

the main spectral parameters; and A is the constant term.

Eq. (1) shows that the intensity of target element K, X-rays of the
different rock types in the same rock classification set and with the same
target element content could be described by those main spectral pa-
rameters. The constant term and the fitting coefficients ky, ko, and ks for
Eq. (1) were fixed with the same target element contents for the different
rock types. When the target element is Cu, the relative errors between
the Cu K, X-ray counts obtained by simulation and those obtained by
fitting for each rock type with a 2% Cu content are listed in Table 1.
Except for the biotite carbonate and calcite carbonate rock samples, the
values of the relative errors were all below 2%.

The main spectral parameters of the EDXRF simulation spectra for
each rock type with different Cu contents were fitted by least squares to
derive the constant terms and the fitting coefficients ky, ko, and ks in Eq.
(1), where the fitting results for the different Cu contents are listed in
Table S3 (Appendix). Because the degrees of the effects of those main
spectral parameters on the target element K, X-ray intensity mainly
depended on the EDXRF measurement instrument, the measurement

Table 1
Relative errors of the Cu K, X-ray intensity fitting by the scattering background
intensity, Compton peak, and Rayleigh peak.

Rock type Cu Ka X-ray counts by Cu Ka X-ray counts Relative
simulation (x107%) by fitting (x107%) errors (%)

Andesite 9.80 9.72 —0.76
Dolomitic

limestone 8.29 8.23 -0.73
Monzodiorite 10.19 10.28 0.92
Monzonite 10.54 10.46 —0.79
Gabbro 7.31 7.38 0.93
Granite 11.64 11.70 0.47
Pantellerite 10.58 10.53 —-0.45
Phyllite 9.87 9.76 -1.14
Diorite 9.59 9.67 0.83
Limestone 8.23 8.23 —0.06
Quartz

monzonite 11.25 11.23 —0.15
Quartzdiorite 9.54 9.61 0.75
Gabbro 10.68 10.89 1.90
Mica schist 10.04 10.01 —0.41
Syenite 11.39 11.27 -1.02
Calcite

carbonatite 5.02 6.85 36.40
Biotite

carbonatite 4.52 6.93 53.21
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parameters, and the target element species, the fitting coefficients k1, ko,
and ks in Table S3 (Appendix) essentially remained constant with the
different Cu contents. The scatter diagram of the constant term (A) of Eq.
(1) with the Cu content is shown in Fig. 2. The constant term had a high
linear correlation with the Cu content; therefore, the Cu content for the
rock sample could be determined by the constant term.

In practical applications, based on matrix effect classification via
correlation analysis between the main spectral parameters and the
target element K, X-ray intensity, the specific steps of this matrix effect
correction method for different rock types in the same rock classification
set are listed as follows:

(1) Acquisition of quantitative parameters

a. Based on physical experiments, the EDXRF spectra of different
rock types with the same target element contents are obtained,
and then based on the least-squares fitting between the in-
tensity of the main spectral parameters and the K, X-ray in-
tensity of the target element, the constant terms (A) and the
fitting coefficients ki, kg, and ks in Eq. (1) can be determined.
The fitting coefficients ki, ko and k3 remain constant with the
different target element contents.

b. Any rock type in the same rock classification set is selected as
the standard rock sample. Based on the EDXRF spectra of the
standard rock samples with different target element contents,
the constant term (A) in Eq. (1) under different target element
contents is calculated by the fitting coefficients kj, ko, and k3
and the K, X-ray intensity of the target element at different
contents. Then, the fitting formula of the target element con-
tent and the constant term (A) in Eq. (1) is established. Finally,
all rock samples in the same rock classification set can be
quantitatively analysed using the fitting formula for the target
element content and the fitting coefficients kj, ko and ks. For
other rock classification sets, the fitting formula and the fitting
coefficients must be recalculated.

(2) Quantitative analysis of the target elements in rock samples

For any rock sample to be tested quantitatively, it is necessary to
select the quantitative procedure of the corresponding rock classifica-
tion set, which is based on the lithology of the test rock sample, and the
target element content is determined:

5 .
5
g y=(1.97x10%)-x+11.62
33 R?=0.99

2 -

T T T T 1
-4.8 -4.4 -4.0 -3.6 -3.2
Constant term(x10%)

Fig. 2. Scatter diagram between the Cu content and the constant term; the red
line shows the fitting curve for the linear relationship. (Error bars are the fitted
standard error of the constant term under different Cu contents). (For inter-
pretation of the references to colour in this figure legend, the reader is referred
to the web version of this article.)
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a. Based on the intensity of the main spectral parameters and the K, X-
ray intensity of the target element in the EDXRF spectra for the test
rock sample, the constant term (A) can be calculated with Eq. (1).

b. According to the fitting formula between the target element content
and the constant term (A), the target element content in the test rock
sample can be calculated.

3. Experimental verification

Ten rock masses (griotte, syenite, fine-grained granite, medium-
grained granite, fine-grained mica schist, coarse-grained mica schist,
andesite, coarse-grained gabbro, limestone, and calcite carbonate) were
collected and used for the confirmatory experiment. The EDXRF spectra
of these rock samples were measured using a portable EDXRF spec-
trometer with an Ag target (35 kV, 2 pA) developed by the Chengdu
University of Technology. This instrument had limits of detection of <5
mg/kg and < 4 mg/kg for Cu and Zn, respectively after a measurement
time of 300 s. The contents of both Zn and Cu in those rock samples were
below the limit of detection. To demonstrate the feasibility and practi-
cality of the matrix effect classification in this study, these two elements
were selected as target elements to test the effects of matrix effect
classification. The compounds added to rock samples for Cu and Zn were
highly purified Cu powder and ZnO, respectively. In addition, the matrix
effect correction method in this study was established based on the
simulated spectra of different rock samples with Cu as the target
element. Therefore, Zn was only selected as the target element to
demonstrate whether this method has a higher universality for a target
element other than Cu.

In the experiment to confirm the efficiency of matrix effect classifi-
cation, all the rock masses were powdered by hand using an agate
mortar and pestle, a mass fraction of a 2% target element was uniformly
added to prepare samples with the same target element, and all rock
samples were edged with boric acid. According to previous studies, the
rock samples were measured using a portable EDXRF spectrometer after
a measurement time of 300 s [30,31], and the EDXRF spectra values for
all the rock samples were determined by averaging triplicate measure-
ments. The RSD (relative standard deviation) for the target elements
(2% Cu and 2% Zn) K, X-ray count rate over 300 s was less than 2.6% for
30 consecutive measurements of the same sample with this EDXRF
measurement instrument. The measured spectra for some rock samples
with a Cu content of 2% by weight are shown in Fig. 3.

According to the measured spectra of those rock samples, the results
of the correlation analysis between the Cu K, X-ray intensity and the
main spectral parameters are shown in Fig. 4. The target element K, X-
ray intensities of Zn and Cu had good linear correlations with the in-
tensity of the scattering background at an energy interval of 4-19 keV,
the Compton peak, and the Rayleigh peak. However, this result was not
observed for the calcite carbonate rock sample, and the variation in the
target element K, X-ray intensity of calcite carbonate caused by the
matrix effect was markedly different from that of the other nine rock
samples due to the much higher concentrations of Ca, Mg, Sr and other
elements in calcite carbonate [32]. The target element K, X-ray intensity
had a weak linear correlation with the Si and K K, X-ray intensities due
to the absorption of low-energy X-rays by air in the experiment. This
result is consistent with the analysis of the relationship of the simulated
spectra.

Based on Eq. (1) and the EDXRF measurement spectra of the different
rock samples, the constant term (A) and the fitting coefficients kj, ko,
and ks for different rock samples with 2% target element contents were
obtained by least-squares fitting and are listed in Table S4 (Appendix).
The relative errors between the target element K, X-ray counts obtained
by measurement and those obtained by fitting are listed in Table 2.
Except for the calcite carbonate rock sample, the relative errors for the
target element of Cu are less than 3.45%, and the relative errors of Zn are
less than 6.22%.

In the confirmatory experiment for the matrix effect correction, six
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Fig. 3. EDXRF measured spectra of four kinds of rock samples with 2% Cu by weight. (Spectra data are the average of 3 repeated measurements).
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types of rock samples with a 3% Zn content were prepared as the vali-
dation set using the same method, and the EDXRF spectra of those rock
samples were measured by the same EDXRF measurement instrument
and measurement parameters. The compound of Zn added in those rock
samples is also ZnO. Then, coarse-grained gabbro rock samples that
contained 1, 2, 3, and 4% Zn contents were selected as the standard rock
samples, and the standard rock samples were also prepared using the
same method. Then, the standard rock samples were used to obtain the
fitting formula of the target element content and the constant term (A).

According to the fitting coefficients kj, ko, and ks remaining constant
with different target element contents, the fitting coefficients kj, ko, and
ks for Eq. (1) with the target element Zn at different contents were the
same as in Table 2 for a 2% Zn content. Based on the measured spectra of
the coarse-grained gabbro samples with different Zn contents, the

constant term (A) in Eq. (1) with different Zn contents was calculated,
and the fitting formula of the Zn content and the constant term is shown
in Fig. 5.

The corrected Zn content of the test rock samples was calculated with
the fitting formula in Fig. 5, and the corrected Zn content in all the test
rock samples is listed in Table 3. The uncorrected Zn contents are also
shown in Table 3, which were obtained by the Zn K, X-ray count
quantitative curves of the standard rock samples. The relative errors
between the corrected Zn content and the true content of the test rock
samples were less than 6%, except for that of calcite carbonate. The
relative errors of the corrected Zn contents thus were much lower than
those of the uncorrected Zn contents.

According to the results of the confirmatory experiment with
different target elements, this classification of matrix effects can be
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Table 2

Relative errors of the target element K, X-ray intensity fitting by scattering background, Compton peak, and Rayleigh peak with 2% target element.
Rock type Cu Zn

Measured value* Fitted value* Relative error (%) Measured value Fitted value Relative error (%)

Andesite 56,095 58,030 3.45 229,805 226,223 -1.56
Coarse grain gabbro 48,380 48,363 —0.04 134,590 138,803 3.13
Coarse grain mica schist 55,082 54,556 —0.96 162,296 161,609 —0.42
Griotte 54,790 54,963 0.32 192,179 193,078 0.47
Limestone 45,133 46,043 2.02 97,100 96,629 —0.48
Fine-grained granite 59,710 59,096 -1.03 236,562 238,412 0.78
Fine-grained mica schist 52,826 53,645 1.55 173,974 184,803 6.22
Syenite 52,046 50,191 -3.56 101,442 95,156 —6.20
Medium-grained granite 59,925 59,109 -1.36 248,485 241,713 -2.73
Calcite carbonatite 37,880 49,062 29.52 90,951 108,289 19.06

" The measured value and the fitted value are the target element K, X-ray counts at a measurement time of 300 s.

e

2 e
SER b
d
g e
= )
S e
5 2- boy y=(1.18x105)-x+6.49

e R>=0.99

14 =+
T T T T T T
-450000  -400000  -350000  -300000  -250000  -200000

Constant term

Fig. 5. Scatter diagram of the Zn content and the constant term. The red line
shows the fitting curve for the linear relationship. (Error bars are the fitted
standard error of the constant term under different Cu contents). (For inter-
pretation of the references to colour in this figure legend, the reader is referred
to the web version of this article.)

applied to different target elements, and the target element K, X-ray
intensity can be described by the intensity of the scattering background
at the energy interval of 4-19 keV, the Compton peak, and the Rayleigh
peak for different rock samples in the same rock classification set.

For the confirmation experiments of the test samples, the matrix
effect correction method in this study can be applied to the target
element quantification analysis of different rock samples, and the rela-
tive error of the measurement results of those test rock samples under
the target element of Zn are all less than 6%.

4. Discussion
For the matrix effect correction method developed in this study, the

expected analysed objects are mainly mineralized rock samples, and this

Table 3

method can be applied to rock samples with target element contents in
the range of 10%-10°mg/kg. For the rock samples with low target
element contents, the applicability of this method must be systemati-
cally studied.

Although the matrix effects of the different target elements in some
types of rock samples analysed by in situ EDXRF were studied, the lith-
ologic categories and the target elements were not comprehensive, and
whether the L-series X-ray intensity of heavy atomic number elements
can be described by the main spectral parameters must be systematically
studied in more detail.

5. Conclusion

According to Monte Carlo simulations and experimental verification,
we analysed the difference in matrix effects for different matrix rock
samples, and the following conclusions were drawn:

(1) To classify the matrix effect, the effects of the matrix of different
rock samples on the results of the target element analysis are not
completely controlled by petrographic classification or the
detectable elemental composition in EDXRF. The matrix effect
classification of rock samples can be more delicate through a
correlation analysis of the main spectral parameters and the
characteristic X-ray intensity of the target element in the EDXRF
spectra.

(2) For different rock samples in the same rock classification set, the
target element K, X-ray intensity can be accurately described by
the intensity of the scattering background, the Compton peak,
and the Rayleigh peak. Based on the results of measuring the test
rock samples under the target element of 3% Zn, the target
element contents of the test rock samples can be accurately
determined through the matrix effect correction method used in
this study, and this method provides the possibility of quickly
determining the target element contents in different rock samples
under the same parameters of the quantification procedure in an
in situ EDXRF analysis. This study also provides a new idea for
studying matrix effect correction in an in situ EDXRF analysis.

(3) This matrix effect correction method in this study is not limited to
a specific type of rock but requires a similar matrix effect in
different rocks. In practical applications, when a sufficient

Relative error between the Zn contents obtained by measurement and the true values of the test rock samples with a 3% Zn content.

Rock type True conttent (%) Corrected Zn content (%) Relative errors (%) Uncorrected Zn content (%) Relative errors (%)
Andesite 3.00 2.92 + 0.02 -2.71 3.56 + 0.04 18.53

Coarse grain mica schist 3.00 3.03 £ 0.05 0.90 2.72 £+ 0.03 —9.25

Griotte 3.00 2.94 £ 0.03 -1.96 3.26 £ 0.01 8.81

Limestone 3.00 2.83 +0.01 —5.53 2.27 +0.02 —24.33
Fine-grained granite 3.00 2.97 +0.04 -1.15 3.56 + 0.02 18.74

Calcite carbonatite 3.00 2.23 +0.03 —25.67 2.10 + 0.05 —30.13
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number of quantitative procedures corresponding to different
rock classification sets are prepared in advance, it is only neces-
sary to select the quantitative procedure of the corresponding
rock classification set according to the lithology of the rock
sample to achieve a quantitative analysis of the rock sample.
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