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Abstract  The X-ray fluorescence (XRF) core scanning method is widely applied in studies of sedimentary paleoenvironments due 
to its convenient pretreatment, nondestructive characteristics, fast execution, continuous scanning, and high resolution. XRF core 
scanning for sediments is commonly used in the studies on the South China Sea. This study compares XRF-scanned intensities and 
measured inductively coupled plasma (ICP) elemental contents of core CS11 in the northeast South China Sea deep basin. The results 
show that the analyzed elements can be separated into three classes. Class I includes elements with high correlation coefficients, such 
as Ca, Sr, and Zr; Class II contains elements with average correlation coefficients, such as Fe, Mn, Ti, and Cu; and Class III com-
prises elements with low correlation coefficients, such as K, Ni, Zn, Rb, and Al. In the South China Sea deep basin, pore water, 
compaction, and grain size have weak effects on the elemental intensities and contents of short core sediments. Hence, for elements 
with high correlation coefficients, a linear relationship model can be established by the least-squares method, in which the converted 
XRF intensities are approximately equal to the measured ICP contents. Based on the established log-ratio calibration model, the re-
sulting ln (K/Ca), ln (Ti/Ca), ln (Fe/Ca), and ln (Zr/Ca) values generally display the same variation trends as the measured curves. The 
elemental contents and ratios produced by the linear model via the least-squares method and the log-ratio calibration model are ex-
pected to provide high-resolution data support for future paleoenvironmental research on the South China Sea deep basin. 
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1 Introduction 
The geochemical elemental compositions of sediments, 

which contain rich information on paleoenvironmental 
changes, have an excellent application potential in sedi-
mentological and paleoenvironmental studies (Norris and 
Röhl, 1999; Haschke, 2006; Yao et al., 2010; Boyle et al., 
2015; Liu et al., 2017a, 2017b, 2018). Traditional analyti-
cal and testing methods for geochemical elements, such 
as inductively coupled plasma optical emission spectro- 
metry (ICP-OES), also referred to as inductively coupled 
plasma atomic emission spectrometry (ICP-AES), induc-
tively coupled plasma mass spectrometry (ICP-MS), and  
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X-ray fluorescence (XRF) spectrometry, are subject to va- 
rious limitations. For example, they require ample time 
for a sample pretreatment, they are destructive to samples, 
and the testing is expensive. In addition, these methods are 
constrained by the sample quantity and division techniques 
(Croudace and Williams-Thorpe, 1988; Croudace et al., 
2006). XRF core scanning, which can directly scan untreat- 
ed sediment cores, is a good alternative to conventional 
testing approaches owing to its fast, continuous, high-re- 
solution, and nondestructive nature. However, its scan-
ning results are elemental intensities, which are semi- 
quantitative and cannot directly represent elemental con-
tents (Janssens et al., 2000; Kido et al., 2006; Weltje and 
Tjallingii, 2008; Lei et al., 2011; Löwemark et al., 2011; 
Hennekam and de Lange, 2012). Previous research has 
compared the results from XRF core scanning with those 
from traditional fluorescence testing and ICP measure-
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ments of sediments. These studies indicate that the XRF 
scanning results for K, Ca, and Ti can represent their rela-
tive content variations (Ge et al., 2005; Kido et al., 2006; 
Richter et al., 2006; Tjallingii et al., 2007) despite some 
errors, and the XRF results are reliable after calibration 
(Tjallingii et al., 2007; Weltje and Tjallingii, 2008). There- 
fore, a correct understanding and treatment of these ele-
mental intensities is a prerequisite for the effective uti- 
lization of XRF results. 

Furthermore, researchers have discovered that the en-
ergy intensity of X-rays and the physiochemical proper-
ties of sediments affect measurement results (Liang et al., 
2012; Zhou et al., 2013). The carbonate concentrations in 
sediments can weaken XRF intensities (Kuhlmann et al., 
2004). Water contents can significantly weaken the inten-
sities of Al and Si (Kido et al., 2006; Tjallingii et al., 2007) 
but are less influential on K, Ti, Fe, and Ca (Tjallingii et al., 
2007). Accordingly, methods have been tested to mitigate 
the effect of the sample roughness and density by increas-
ing the scanned area of sediment samples (Janssens et al., 
2000). Al, as the lightest element detectable by this me- 
thod, can be used as a tool to calibrate the intensity errors 
of heavy elements, which are caused by organic carbon or 
carbonate enrichment (Löwemark et al., 2011). Cl, an im- 
portant constituent of seawater, can be used as an indica-
tor for the water content in marine sediments to calibrate 
the intensity errors of light elements associated with the 
water content (Tjallingii et al., 2007; Hennekam and de 
Lange, 2012; Chen et al., 2016). Studies have demon-
strated that XRF-scanned intensities can be linearly cor-
related with elemental contents (Jansen et al., 1998; Phi- 
lipp et al., 2007). Lei et al. (2011) established a linear re- 
lationship by combining XRF results with ICP-OES meas-
urements using the least-squares method and applied this 
model to convert elemental intensities into elemental con- 
tents. Weltje and Tjallingii (2008) proposed that calibra-
tions with log ratios or multivariate log ratios can be used 
to quantitatively convert XRF intensities into elemental 
contents. Lyle et al. (2012) estimated the geochemical 
elemental contents in sediments with a normalized me-
dian-scaled method. Recently, Chen et al. (2016) presented 
a polynomial water content calibration approach that com- 
bines both methods. They recommended that either of the 
two methods can be applied for the paleoenvironmental 
studies of major elements measured by XRF scanning in 
long sediment sequences. 

The South China Sea is a typical marginal sea in the 
Western Pacific Region, with an average water depth of 
more than 1000 m. It is a semiclosed sea basin and has 
significant ramifications on paleoenvironmental and pa-
leoclimatic research. To date, studies on the South China 
Sea have mostly focused on continental shelves and slopes 
(Wan et al., 2006; Wang et al., 2014; Gao et al., 2015; 
Liu et al., 2016), and only little research on deep-sea 
sediments has been reported. In the present study, we 
analyzed core CS11 in the South China Sea deep basin 
using an XRF scanning system. We also tested major and 
trace elements with the traditional ICP-AES and ICP-MS 
techniques. We then calibrated the results using the least- 

squares method and a log-ratio calibration equation. Our 
findings are expected to provide useful evidence for meas-
uring the elemental contents of sediments in the South 
China Sea deep basin. 

2 Materials and Methods 
Sediment core CS11, with a total sample length of 400 

cm, was collected from the South China Sea deep basin 
(118.52˚E, 19.03˚N, with a water depth of 3755 m). 

Samples for the grain size analysis were collected at an 
interval of 2 cm; 10 mL of 10% HCl and 10 mL of 10% H2O2 
were added to remove carbonates and organic matter, 
respectively. After sitting for 12 h, 10 mL of 0.05 mol L−1 
(NaPO3)6 was added. The sediment grain sizes were then 
analyzed using the Malvern Panalytical Mastersizer 2000 
laser analyzer. The major (Ca, Fe, Ti, K, Mn, and Al) and 
trace (Cl, Rb, Cu, Sr, Zn, Zr, and Ni) elements in the 
sediment core were scanned with a GEOTEK Multi-Sen- 
sor Core Logger-XRF high-resolution X-ray core scanner. 
A total of 102 samples were collected at 2 – 4 cm intervals 
for the elemental analysis. The samples were dried at 60℃ 
and then ground to a 200-mesh screen. A total of 40 mg of 
each sample was placed in a Teflon vessel, and 1.5 mL of 
HF and 0.5 mL of HNO3 were added. The samples were 
then heated at 150℃ for 12 h. After the sample was fully 
dissolved, it was diluted to 40 g with deionized water. The 
major elements were measured with the Thermo Scien-
tific iCAP 6300 ICP-AES system, and the trace elements 
were measured with a PerkinElmer ELAN DRC II ICP-MS 
system at the Institute of Oceanology, Chinese Academy of 
Sciences. The certified Chinese reference materials (GBW 
07315 and GBW07316) and United States Geological Sur- 
vey reference materials (BCR-2 and BHVO-2) were used 
for quality control. 

3 Results 
According to the sediment classification standard, the 

core sediments are mainly clayey silt. The mean grain size 
(Mz) of the sediments averaged 6.9 φ, with very small ver- 
tical variations (Fig.1). The elemental intensities from the 
XRF scanning were highly variable, ranging from n×104 

cps for Ca, Fe, and K to n ×102
 cps for Ni. In the ICP tests, 

the Ca contents were 1% – 8%, with an average of 3%; the 
Fe contents were 3.8% – 6.9%, with an average of 5.8%; Ti 
had low contents of 0.45% – 0.76%, with an average of 
0.67%; the Sr contents were 125–333 mg kg−1, with an ave- 
rage of 185 mg kg−1; and the Zr contents were 108 – 202 mg 

kg−1, with an average of 140 mg kg−1. As shown in Fig.1, 
Ca, Sr, and Zr showed a strong agreement in their vertical 
variations, with correlation coefficients (focusing on the ICP- 
measured layers) of 0.62 – 0.79; Fe, Mn, Ti, and Cu showed 
a relatively high agreement in their vertical variations, 
with correlation coefficients of 0.41 – 0.58; K, Ni, Zn, and 
Rb had the lowest agreements in their vertical variations, 
with correlation coefficients of 0.12 – 0.30; and Al was 
slightly negatively correlated. 
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Fig.1 Comparison of the XRF scanning data (blue lines) and conventional ICP concentrations (black lines) of elements with 
their grain size in the sediments of core CS11. 

4 Scanning Ability and Factors  
Influencing the XRF Intensity 

4.1 XRF Scanning Ability 
The comparison results of the XRF scanning data and 

conventional ICP concentrations of elements show that the 
two methods have a complex correlation. Accordingly, the 
elements can be divided into three groups. Class I includes 
elements with high correlation coefficients, such as Ca, Sr, 
and Zr. Good linear relationships were found between the 
XRF scanning results and measured ICP results, with cor- 
relation coefficients greater than 0.6. In the absence of the 
measured concentrations, this class of element can be used 
to replace the ICP method to monitor the variation trend 
of the elements. Class II contains elements with moderate 
correlation coefficients, such as Fe, Mn, Ti, and Cu. Rela-
tively good linear relationships were found between the 
XRF scanning results and measured ICP results, with cor- 
relation coefficients between 0.4 and 0.5. In the absence 
of measured concentrations, this class of element can only 
be used as an important reference of the ICP method to 
reflect the variation trend of the elements. Class III com-
prises elements with low correlation coefficients, such as 

K, Ni, Zn, Rb, and Al. The linear relationships between 
the XRF scanning results and the measured ICP results 
are poor, with correlation coefficients only between 0.1 
and 0.3. Significant differences were found in the varia-
tion trends of the two results without comparability. The 
XRF scanning results of such elements do not have much 
reference value for geochemical analyses.  

4.2 Factors Influencing the XRF Intensity 
Previous studies have indicated that the main factors 

influencing XRF measurements include the water content, 
grain size, and compaction; grain size variations can re-
sult in porosity variations and consequently affect the 
water content of sediments; and compaction can affect the 
porosity development and eventually affect the water con- 
tent (Zhang et al., 2013; Zhou et al., 2013). Furthermore, 
the core sediments are mainly clayey silt. The mean grain 
size of the sediments showed very small vertical varia-
tions except for a few abnormal coarse layers (Fig.1). Thus, 
the influence of the porosity change caused by the grain 
size on the variation in the water content should not be 
significant. Although the XRF core scanning and ICP 
analysis differ in terms of their testing principles and forms 
of presentation, both methods have variations in the ele-
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mental contents (Wei et al., 2004). Ideally, the ratios be-
tween the results of the two methods should be vertically 
constant. Hence, we used the ratios between the meas-
urements from the two methods to further investigate the 
causes behind the elemental content variations. This ratio, 
expressed as R(XRF/ICP), is calculated as follows: 

(XRF/ICP) XRF ICPElement / ElementR  ,       (1) 

where ElementXRF and ElementICP are the elemental inten- 
sities from the XRF scanning and the elemental contents 
from the ICP measurements, respectively. Considering the 
highly variable ratios of the individual elements, we nor-
malized all ratios using the min-max standardization me- 
thod (Zhu and Xu, 2003): 

* ( min) /(max min)X X   .         (2) 

The element Cl, as an important constituent of seawater, 
is often used as a proxy for pore water (Tjallingii et al., 
2007). As shown in Fig.1, the intensity of Cl decreases as 
the depth increases, suggesting that Cl can be used as a  

 

proxy for pore water. Theoretically, as the depth increases, 
the pressure and compaction increase and the pore water 
decreases, so the contents of other elements per unit volu- 
me and their corresponding intensities and the R(XRF/ICP) 
value should also increase. However, as the Cl intensity is 
poorly correlated with R(XRF/ICP) (generally R < 0.2), the wa- 
ter content has a weak effect on the XRF intensity. As 
shown in Fig.2, R(XRF/ICP) is poorly correlated with the 
core depth, suggesting that compaction also has a weak 
effect on the XRF intensities. This result can be attributed 
to the length of the sediment core CS11, which is only 4 
m long. Although the sediments were exposed to greater 
pressures at the bottom than at the top, with a water depth 
of 3755 m, the pressure difference over 4 m can be ig-
nored. Similarly, the correlations between the intensities 
and contents for the element and mean grain size are 
small (Table 1), further verifying the previous argument. 
Hence, the water content, compaction, and grain size have 
weak effects on the XRF intensities and elemental con-
tents of the sediments from core CS11. 

 

Fig.2 Vertical variation in the ratio of the intensities and concentrations (R(XRF/ICP)) of the sediments from core CS11. 

Table 1 Correlations between the sediment mean grain size and the measured element  
concentrations in the core CS11 sediments 

Element CaO Fe2O3 TiO2 K2O MnO Al2O3 Rb Cu Sr Zn Zr Ni

Fe2O3 −0.28     
TiO2 −0.49 0.51     
K2O −0.26 0.63  0.30    
MnO −0.23 0.32  0.12  0.07   
Al2O3 −0.42 0.77  0.43  0.89 0.28   
Rb −0.26 0.70  0.70  0.69 0.18 0.69   
Cu 0.16 0.55  −0.30  0.23 0.37 0.39 0.03   
Sr 0.95 −0.33  −0.63  −0.26 −0.13 −0.38 −0.35 0.25   
Zn 0.08 0.78  0.07  0.50 0.23 0.61 0.41 0.83 0.06    
Zr −0.41 −0.20  0.65  −0.26 −0.03 −0.19 0.17 −0.73 −0.50  −0.59   
Ni 0.27 0.52  −0.08  0.17 0.39 0.24 0.22 0.69 0.24  0.75  −0.49  
Mean grain size 0.21 0.48  0.07  0.53 0.11 0.51 0.46 0.36 0.17  0.53  −0.39  0.37 
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5 XRF Scanning Result Calibration Model 
5.1 Linear Computational Model for the XRF  

Scanning Results 
We established a linear regression equation for the ele- 

ments with high XRF intensities and content correlations 
(Classes I and II) based on the least-squares linear regres-
sion of Lei et al. (2011): 

ICP XRF

ICP XRF

ICP XRF

ICP XRF

ICP XRF

Ca 0.048 Ca 0.721,  0.79

Fe 0.029 Fe 3.938,  0.45

Ti 0.01 Ti 0.449,  0.59

Sr 113.196 Sr 79.386,  0.70

Zr 61.972 Zr 102.815,  0.62

R

R

R

R

R

   
        
    
    

,     (3) 

where the ICP values of Ca are expressed in %, the ICP 
values of Sr and Zr are expressed in mg kg−1, and the XRF 
intensities of individual elements are the original intensi-
ties multiplied by 10−3. 

In previous studies, calibrations have usually been con- 
ducted for pore water and compaction. To further deter-
mine whether compaction affected the XRF measurements, 
 

we used the linear relationships between the elemental 
ratios from the two methods and depths to calibrate com-
paction effects (Zhang et al., 2013). Using the midpoint 
of the sediment core as the base point, we calibrated the 
results for Ca, Sr, Zr, Fe, and Ti using the following 
equation: 

Y Y k x    ,                   (4) 

where Y and Y' are the values before and after calibration, 
respectively; k is the slope of the elemental ratio as a func-
tion of depth (the exact value varies from one element to 
another); and ∆x is the distance from the calibration depth 
to the base point. After the compaction calibration, the 
correlations of the five elements with the ICP measure-
ments slightly changed; the correlations of Ca, Sr, and Zr 
slightly increased, whereas those of Fe and Ti remained 
basically unchanged (Fig.3). Overall, after the compac-
tion calibration, the improvements in the correlations of 
the elemental contents between the XRF scanning and ICP 
measurements were not significant. This result agrees with 
previous results that, with a high overall hydraulic pres-
sure, compaction has weak effects on the top and bottom 
parts of the analyzed sediments. 

 

Fig.3 Relationship between the elemental concentrations and intensities before and after compaction calibration. The black 
dots represent the original data, and the red crosses represent the data after compaction calibration. 

Based on the linear regression equation calculated by the 
least-squares linear regression, we calculated the variations 
in the vertical contents for Ca, Sr, and Zr in Class I and 
Fe and Ti in Class II, which showed relatively good cor-
relations. The results fairly agree well with the ICP mea- 
surements, especially for the elements in Class I (Fig.4). 
The variations in Fe and Ti show slight deviations, but the 
general variation trend could be used as a reference. Hence, 
for short sediment cores from deep-sea environments (such 
as the South China Sea deep basin), XRF intensities and 

elemental contents with good correlation coefficients may 
be used for conversion. 

5.2 Log-Ratio Calibration Model for the XRF  
Scanning Results 

Neither a single-element linear model nor the least- 
squares linear regression could completely correct the er- 
rors resulting from organic matter and other matrix effects 
(Weltje and Tjallingii, 2008; Pang et al., 2016). Here, we 
applied the log-ratio calibration model as described by 
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Fig.4 Comparisons of the elemental concentrations analyzed by ICP (black lines) and calculated by the XRF methods 
(green lines) in the sediments of core CS11. 

Weltje and Tjallingii (2008) to correct these matrix effects 
using the following equation: 

ln( ) ln( )ij ij
jd jd

id id

W I

W I
   .           (5) 

Eq. (5) is the log-ratio calibration equation (LRCE), where 
Wij and Wid represent the concentrations of elements j and 
d in specimen i, respectively; Iij and Iid represent the 
scanning intensities of elements j and d in specimen i, 
respectively; and the parameters α and β are the model 
matrix effect parameter and the model detection effi-
ciency parameter for a particular element, respectively. 
Considering the elemental ratios, this equation minimizes 
the interference from the matrix effect of sediments. The 
fitting degree of the predictions by this method is based 
on the errors in the log ratio of the content predictions. 
The variance estimates of the residuals of the predicted 
values are as follows:  

2

2 ln( ) ln( )

n
ij ij

jd i
id id

W W
S med

W W

    
  

,       (6) 

by comparing 
2
jdS  with this total variance, the fitting de- 

gree of the LRCE prediction model can be obtained accor- 
ding to Eq. (7): 

2
2 2

2 2

, 

0,  

jd jd
jd jd jd

jd

jd jd jd

V S
R V S

V

R V S

 
  



 

,           (7) 

where Vjd is the total variance in the calibrated sample mea- 
surements. 

From Eq. (5), the XRF intensity ratio is theoretically 
linearly correlated with the content ratio as determined 
from conventional testing methods. After log calibration, 
the parameters α and β determine the functional relation-
ship between the elemental intensity and elemental con-
tent log ratios. The matrix effect calibration parameter α 
and the detection efficiency parameter β are calculated 
according to the method proposed by Weltje and Tjallingii 
(2008). The contents of the major elements corresponding 
to the XRF scanning were tested and then solved by a 
major axis regression analysis (Weltje and Tjallingii, 2008; 
Boyle et al., 2015; Pang et al., 2016). The coefficients α 
and β for the 12 elements obtained from core CS11 are 
shown in Tables 2 and 3. The optimal parameters α and β 
were generally selected according to the degree of fit be-
tween the predicted and measured elemental contents 
(Pang et al., 2016).  

Table 4 lists the fitting degree R2 between the log ratios 
of the elements. When different elements are used for 
comparisons and when Ca is used as the calibration de-
nominator, the fitting degree R2 (interpreted as the rela-
tive of the signal represented by the down-core variability 
of the predicted log-ratio concentrations) between elements 
is the highest. Hence, Ca was used as the LRCE calibra-
tion denominator. As shown in Table 4, ln (K/Ca) has the 
highest R2 value. By choosing the corresponding optimal 
matrix effect parameter α and detection efficiency para- 
meter β in Tables 2 and 3, we can establish the expression 
for converting the intensity to the elemental content, as 
shown in Eq. (8): 

K K

Ca Ca

ln( ) 0.5544 ( ) 0.2022
W I

W I
   .      (8) 

The expression for converting the elements with rela- 
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Table 2 Model matrix effect parameters α for the 12-element composition of the sediments from core CS11 

α Al K Ca Ti Mn Fe Ni Cu Zn Rb Sr Zr 

Al 0 2.637 2.968 1.332 0.553 5.619 0.990 0.938 0.085 3.482 2.723 4.546 
K 2.637 0 0.554 4.998 1.748 0.914 1.893 0.926 1.213 1.010 0.835 1.001 
Ca 2.965 0.554 0 1.858 1.417 1.330 2.043 2.215 1.335 1.130 0.940 1.116 
Ti 1.332 4.998 1.858 0 1.132 1.997 1.209 0.943 0.826 0.678 0.572 0.681 
Mn 0.553 1.748 1.417 1.132 0 1.491 0.628 0.717 0.410 0.297 0.236 0.306 
Fe 5.619 0.914 1.330 1.997 1.491 0 2.888 0.727 1.772 1.522 1.251 1.489 
Ni 0.990 1.893 2.043 1.209 0.628 2.888 0 1.035 0.710 0.434 0.572 0.546 
Cu 0.938 0.926 2.215 0.943 0.717 0.727 1.035 0 1.557 1.380 1.544 1.479 
Zn 0.085 1.213 1.335 0.826 0.410 1.772 0.710 1.557 0 180.949 0.386 0.243 
Rb 3.482 1.010 1.130 0.678 0.297 1.522 0.434 1.380 180.949 0 1.023 70.449
Sr 2.723 0.835 0.940 0.572 0.236 1.251 0.572 1.544 0.386 1.023 0 0.632 
Zr 4.546 1.001 1.116 0.681 0.306 1.489 0.546 1.479 0.243 70.449 0.632 0 

 

Table 3 Model detection efficiency parameters β for the 12-element composition of the sediments from core CS11 

β Al K Ca Ti Mn Fe Ni Cu Zn Rb Sr Zr 

Al 0 −13.246 −15.872 −8.562 −6.181 −30.087 2.416 2.826 2.123 0.020 0.048 0.056

K 13.246 0 −0.202 −0.015 0.016 0.008 13.422 8.543 9.318 7.593 7.088 7.824

Ca 15.872 0.202 0 −0.164 −0.004 0.195 15.065 17.153 10.399 8.488 7.812 8.708

Ti 8.562 0.015 0.164 0 0.034 0.003 10.722 9.806 8.740 7.566 7.432 7.804

Mn 6.181 −0.016 0.004 −0.034 0 −0.014 8.379 9.076 7.991 7.427 7.648 7.643

Fe −30.087 −0.008 −0.195 −0.003 0.014 0 20.498 7.191 12.553 10.013 8.800 10.182

Ni −2.416 −13.422 −15.065 −10.722 −8.379 −20.498 0 0.525 0.140 0.056 0.055 0.075

Cu −2.826 −8.543 −17.153 −9.806 −9.076 −7.191 −0.525 0 −1.450 −2.677 −2.640 −2.175

Zn −2.123 −9.318 −10.399 −8.740 −7.991 −12.553 −0.140 1.450 0 −140.694 −0.016 −0.022

Rb −0.020 −7.593 −8.488 −7.566 −7.427 −10.013 −0.056 2.677 140.694 0 0.100 8.206

Sr −0.048 −7.088 −7.812 −7.432 −7.648 −8.800 −0.055 2.640 0.016 −0.100 0 0.003

Zr −0.056 −7.824 −8.708 −7.804 −7.643 −10.182 −0.075 2.175 0.022 8.206 −0.003 0

 

Table 4 Goodness-of-fit statistics (R2) of the measured log-ratio concentrations (‘reference value’) and log-ratio  
concentrations predicted from the scanning XRF results 

R2 Al K Ca Ti Mn Fe Ni Cu Zn Rb Sr Zr 

Al 0 0.094 0.568 0.032 0.287 0.232 0.217 0.207 0.161 0.012 0.303 0.103 
K 0.094 0 0.607 0.215 0.293 0.292 0.183 0.119 0.219 0.003 0.507 0.274 
Ca 0.568 0.607 0 0.599 0.517 0.598 0.126 0.525 0.540 0.512 0.410 0.580 
Ti 0.032 0.215 0.599 0 0.263 0.450 0.188 0.002 0.171 0 0.535 0.250 
Mn 0.287 0.293 0.517 0.263 0 0.125 0.069 0.006 0.162 0.192 0.386 0.237 
Fe 0.232 0.292 0.589 0.450 0.125 0 0.176 0.004 0.117 0.031 0.496 0.326 
Ni 0.217 0.183 0.126 0.188 0.069 0.176 0 0.125 0.096 0.149 0.042 0.286 
Cu 0.130 0.119 0.525 0.109 0.006 0.074 0.125 0 0.099 0.134 0.322 0.139 
Zn 0.161 0.219 0.540 0.171 0.162 0.117 0.096 0.099 0 0.077 0.413 0.284 
Rb 0.012 0.003 0.572 0 0.192 0.031 0.149 0.134 0.077 0 0.536 0.212 
Sr 0.303 0.507 0.405 0.535 0.386 0.496 0.042 0.322 0.413 0.536 0 0.546 
Zr 0.103 0.274 0.580 0.250 0.237 0.326 0.286 0.139 0.284 0.212 0.546 0 

 
tively high R2 values, namely, Ti, Fe, and Zr, could also be 
obtained. As shown in Fig.5, the calibrated values of the 
elements with relatively high degrees of fit clearly agree 
well with the measured values. Hence, the intensity log 
ratios between the different elements and Ca can be con-
verted to the content log ratios between these elements 
and Ca.  

6 Conclusions 
By comparing the sediment elemental results for core 

CS11 in the South China Sea deep basin using XRF scan-

ning with the ICP test methods, we can draw the follow-
ing conclusions: 

1) The analyzed elements can be roughly separated into 
three classes: Class I includes elements with high correla-
tion coefficients, such as Ca, Sr, and Zr; Class II includes 
elements with moderate correlations, such as Fe, Mn, Ti, 
and Cu; and Class III consists of elements with low cor-
relations, such as K, Ni, Zn, Rb, and Al. 

2) In the deep-sea context of the South China Sea, pore 
water, compaction, and particle size have little influence 
on the elemental results of short core sediments. Hence, 
the elements with good correlation coefficients may be 
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selected to directly convert the XRF intensities to elemen- 
tal contents using a least-squares method. The converted 
contents generally agree with the ICP measurements. 

 

Fig.5 Comparison of the measured (black lines) and pre-
dicted log-ratio element concentrations from the XRF data 
(orange lines) of sediment core CS11. 

3) A log-ratio calibration model was established. Using 
Ca as the calibration denominator, the ln (K/Ca), ln (Ti/Ca), 
ln (Fe/Ca), and ln (Zr/Ca) values show the same variation 
trends as the measured curves. 
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