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Abstract X-ray fluorescence (XRF) scanning of sediment cores allows the rapid 
acquisition of bulk geochemical data at high resolution. The XRF core scanner 
data, which are expressed as elemental counts or peak areas, are mainly related to 
elemental concentrations, but they are also influenced by a series of sediment physi-
cal properties that vary with depth, such as bulk density, water content, organic 
matter content, and grain size. Here, we investigate the influence of grain size on 
elemental XRF peak areas by comparing ITRAX XRF core scanner measurements 
to ICP-AES elemental concentrations for two sediment cores with variable grain 
size. Results provide evidence for a limited influence of sediment grain size on XRF 
peak areas. This influence is negligible for sediment cores with grain-size varia-
tions of 10 μm or less. Our data also demonstrate that for cores with large grain-size 
variations, correcting the peak areas for water content improves the  precision of the 
XRF measurements by a factor of three. This study therefore demonstrates that, for 
most sediment cores, the precision of data obtained by XRF core scanning is not 
significantly altered by grain-size variations.
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Introduction

XRF core scanning is increasingly used to generate geochemical records of 
 sediment cores at high resolution. This non-destructive technique provides bulk 
sediment chemical data, expressed as elemental counts or peak areas. Although 
XRF measurements are mostly a function of elemental concentrations, they are 
also influenced by the characteristics of the X-ray source (energy level, nature of 
the tube) and detector (counting time), by core surface topography, and by a series 
of sediment physical properties such as bulk density, water content, organic matter 
content, and grain-size. Since these physical parameters frequently vary with depth 
in sediment cores, it is crucial to understand their effect on XRF geochemical data 
to better constrain the potential and limits of the method and avoid over-interpre-
tation of the data.

Among those physical parameters, grain-size is thought to exert a strong influ-
ence on XRF peak areas (Croudace et al. 2006). In traditional WD-XRF analysis, 
the grain-size effect is reduced by grinding the sediment samples to homogenous 
sizes, generally below 60 μm (Injuk et al. 2006). Since XRF core scanners analyze 
raw sediment cores, downcore changes in grain-size distributions may significantly 
affect the results, especially for cores containing sand-size particles. In this study, 
we therefore investigated the influence of grain-size on elemental XRF peak areas 
by comparing ITRAX XRF measurements to ICP-AES concentrations obtained on 
two sediment cores with variable grain-size. We deliberately selected two cores 
from the same region, but with clearly distinct grain-size variations.

Material and Methods

Sediment Cores

The two sediment cores used in this study were collected in the fjords of Chilean 
Patagonia (Fig. 19.1; Bertrand et al. 2012b). Core JPC14 (46.449°S–73.798°W) 
is a 15 m long jumbo piston core collected at a depth of 129 m during cruise 
NBP05-05 on board RVIB Nathaniel B. Palmer. It is composed of a 3 m thick sand 
unit, surrounded by fine-grained sediment (Fig. 19.2). It covers the last 5400 years 
and essentially contains sediment delivered by a proglacial river system (Bertrand 
et al. 2012a). Accumulation rates vary between ~ 1 and ~ 10 mm/year (Bertrand 
et al. 2012a). In 2008, a complete core half was shipped from the Antarctic Marine 
Geology Research Facility of Florida State University, USA, to the Woods Hole 
Oceanographic Institution, MA, USA, for XRF core scanning and sub-sampling. 
Samples (3 cm3) were taken every 10 cm with a plastic syringe (diameter 15 mm) 
for geochemical and water content analysis. Additional small (~ 0.1 cm3) samples 
were taken every 2–4 cm for grain-size analysis, and kept wet in microcentrifuge 
tubes.
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Core PC29A (45.756°S–73.467°W) is a 208 cm long piston sediment core col-
lected at a depth of 112 m during cruise Cimar Fiordo 7 (Fig. 19.1). It is entire-
ly composed of fine-grained (silt) sediment and it represents the last 1400 years 
(Fig. 19.2; Bertrand et al. 2014). Accumulation rate is ~ 1–1.5 mm/year. One core 
half was sub-sampled in 1 cm thick slices for geochemical and water content analy-
sis. Additional small (~ 0.1 cm3) samples were taken every 4 cm in the second half 
for grain-size measurements.

The samples from both cores were freeze-dried and the wet and dry sample 
weights were recorded for water content calculation. Both cores are carbonate-free 
and contain low amounts of organic matter (TOC < 2 %) and biogenic opal (< 15 %).

Fig. 19.1  Location of sediment cores JPC14 and PC29A in the fjords of Northern Chilean Patago-
nia. The location of the Northern Patagonian Icefield (NPI) and other ice masses is from Glasser 
et al. (2011)
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XRF Core Scanning

The inorganic geochemistry of sediment cores JPC14 and PC29A was measured 
with an ITRAX XRF core scanner (Cox Analytical Instruments) at a resolution of 
2 and 1 mm, respectively. The sediment surface was smoothed and covered with a 
4 μm thin Chemplex 416 Prolene foil to avoid contamination of the XRF detector, 
prevent cross-contamination, and limit drying of the sediment during analysis. The 
scanner was operated with 20 s scan times using a Mo X-Ray tube set to 30 kV and 
45 mA, which produces good excitation for a large range of elements of interest 
in geochemistry (Croudace et al. 2006; Cuven et al. 2007). The XRF spectra were 
interpreted and the peak areas quantified using software Q-Spec 6.5. For compari-
son with ICP-AES measurements, the XRF peak areas corresponding to the size of 
the sub-samples (10 or 15 mm) were averaged. In addition, pressed pellets of 102 
non-ground freeze-dried samples of sediment core PC29A were scanned to assess 
the influence of grain-size on XRF peak areas without influence of bulk density and 
water content. The pellets were pressed at 20 t and they were scanned on the ITRAX 
XRF core scanner using the same configuration as for the wet sediment cores.

Wet Chemistry

A subset of 44 samples from core JPC14 and 102 samples from core PC29A was 
analyzed for inorganic geochemistry by ICP-AES. Samples were prepared using 
the Li-metaborate fusion technique of Murray et al. (2000), which is preferred over 
HF digestion because it is the only technique that allows the complete dissolu-
tion of sediment samples containing refractory minerals such as zircon (Sholkovitz 
1990; Huang et al. 2007). Sample preparation consisted in mixing 200 ± 1.0 mg 
of ultrapure Li-metaborate (SCP Science) in 3 ml Pt:Au (95:5) crucibles, with 
50 ± 0.5 mg of sediment. Ten microliter of 25 % LiBr were then added to the mix-
ture and the crucibles were placed in a muffle furnace for 12 min at 1050 °C. The 
newly formed glass bead was then allowed to cool down for 2–3 min, detached 
from the crucible, and poured into a Teflon beaker containing a swirling 25 ml 
solution of 5 % HNO3. Complete dissolution occurred within ~ 45 min. The solu-
tion was then filtered through a 0.45 μm PVDF Millipore filter and diluted in 5 % 
HNO3 to obtain a 4000 x final dilution of the sample. The exact dilution factor was 
calculated from the precise weight of sediment used for fusion. Thirteen elements 
were measured on a JY Ultima C ICP-AES. Analytical details are given in Bertrand 
et al. (2012b).

Grain-Size

Grain-size was measured on the terrigenous fraction of the sediment using a Coulter 
LS200 laser particle size analyzer. To isolate the terrigenous fraction, samples were 
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treated with boiling H2O2, HCl, and NaOH to remove organic matter, eventual car-
bonates, and biogenic silica respectively. No diatoms were observed in core JPC14, 
so the alkaline treatment was only applied to core PC29A. Prior to analysis, samples 
were boiled with 300 mg of sodium pyrophosphate (Na4P2O7·10H2O) to ensure 
complete disaggregation of the particles. The grain-size distribution of the samples 
was measured during 90 s intervals and the arithmetic mean was calculated from 
the 92 size classes.

Results and Discussion

Lithology, Grain-Size, Water Content and Elemental 
Concentrations

Core JPC14 is essentially composed of three lithological units separated by  relatively 
abrupt transitions (Fig. 19.2a). It is composed of fluvio-glacial silts (~ 20 μm) at 
0–740 cm and 1109–1500 cm, and of poorly sorted sand (80–120 μm) at 800–
1086 cm (Bertrand et al. 2012a). The water content of the sediment is negatively 
correlated to grain-size, with high water content (45–50 %) in fine-grained samples 
and low water content (20–30 %) in the sand unit (Figs. 19.2 and 19.3). The few ex-
ceptions are the low water content silt layers in the upper 2 m of the sediment core. 
The lower water content of the sand unit is due to the combination of low porosity 
in poorly sorted sands (e.g., Syvitski 2007) and faster dewatering of coarse deposits.

The grain-size of core PC29A gradually evolves from medium to fine silt 
(16–31 μm; Fig. 19.2b). The water content is rather constant (47–53 %) and it shows 
no relation to grain-size (Fig. 19.3). By comparison, the range of grain-size varia-
tions in core JPC14 is 12 times higher than for core PC29A (Table 19.1 in Appen-
dix; Fig. 19.3).

Both cores are essentially composed of alumino-silicates that originate from 
the mixing of slightly weathered granodiorites and North Patagonian andosols 
 (Bertrand et al. 2012b). The chemical composition of the two sediment cores is 
roughly similar, albeit much more variable for core JPC14 (Table 19.1 in Appen-
dix). Some elements such as Sr and Zr are clearly enriched in the coarse unit of 
core JPC14, while K and Fe are concentrated in fine-grained sediments (Figs. 19.2 
and 19.4; Bertrand et al. 2012b), in agreement with the observations of Cuven et al. 
(2010). For core PC29A, Ti and Fe concentrations are ~ 25 and ~ 15 % higher in fine 
silts than in coarse silts, respectively (Fig. 19.5).

Relation Between XRF Peak Areas and Elemental Concentrations

XRF peak areas and elemental concentrations, as measured by ICP-AES, show 
significant positive correlations for most elements (Figs. 19.4 and 19.5). Correla-
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tions are better for heavy and abundant elements such as Ca and Fe (Table 19.2 
in Appendix), as previously observed (Croudace et al. 2006; Richter et al. 2006; 
Tjallingii et al. 2007). The light elements Al and Si show no significant correla-
tion, even though these elements are well above their theoretical detection limit 
(~ 10,000 ppm, Cox Analytical Systems, technical documentation). One of the rea-
sons is that the XRF radiation for these elements is heavily absorbed by the vari-
able water film that forms between the sediment surface and the covering plastic 
foil (Kido et al. 2006; Tjallingii et al. 2007). Since fjord sediments are deposited 
in environments of highly variable salinity, using chlorine to correct the XRF peak 
areas for absorption by the interstitial water layer, as proposed by Tjallingii et al. 

Fig. 19.2  Lithology of sediment cores JPC14 and PC29A, and downcore variations in grain-size, 
water content, and selected geochemical elements. (From Bertrand et al. 2012a, 2014)
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(2007), does not improve the correlations for Al and Si. For the XRF data obtained 
on pressed pellets, the correlation coefficients between XRF peak areas and ICP-
AES elemental concentrations are better for all elements except Sr (Table 19.2 in 
Appendix; Fig. 19.5). This is in contrast with Tjallingii et al. (2007), who found that 
the improvement of the correlation coefficients mainly concerned light elements 
(Al and Si).

Assessing the Influence of Grain-Size Variations on XRF Peak 
Areas

To assess the influence of sediment grain-size on XRF core scanner peak areas, we 
compared the normalized ratio between XRF peak area and ICP-AES concentration 
(hereafter XRF/ICP) to sediment grain-size for both cores. Normalization  consisted 
in dividing the XRF peak area to ICP-AES concentration ratio by the average value 
of this ratio for each core. If grain-size has an influence on XRF intensities, the 
XRF/ICP values should be significantly correlated to grain size.

Core JPC14

For core JPC14, which presents high variations in grain-size, the XRF/ICP ratio of 
most elements shows a weak positive correlation with grain-size (Fig. 19.6a). This 

Fig. 19.3  Correlation plots 
between water content and 
grain-size. Note the signifi-
cant negative correlation for 
core JPC14 ( red dots) and 
the absence of correlation 
for core PC29A ( blue). The 
four JPC14 data points cor-
responding to low grain-size 
and low water content values 
represent unusual silt layers 
in the upper part of the sedi-
ment core. (see Fig. 19.2)
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relation is significant for K, Ti, Fe, and Sr (Table 19.3a in Appendix). Only Zr shows 
a statistically significant negative correlation. The absolute values of the slopes of 
the significant correlations reach 1.2–4.3 × 10−3, i.e., an increase of the XRF peak 
areas of 0.1 % per micron for Ti and Fe, of 0.2 % per micron for Sr, of 0.4 % per 
micron for K, and a decrease of 0.2 % per micron for Zr (Table 19.3 in Appendix).

Since the water content of core JPC14 is tightly linked to grain-size ( r = − 0.68, 
p < 0.0001, see Fig. 19.3), a significant negative correlation is also observed be-
tween XRF/ICP and water content for most elements (Fig. 19.6b, Table 19.3b in 
Appendix). This reflects a general decrease of the XRF peak areas with increasing 
water content. Except for Ti, the significant correlations concern the same ele-
ments as for the correlations between XRF/ICP and grain-size (Table 19.3 in Ap-

Fig. 19.4  Correlations between ITRAX XRF core scanner peak areas and ICP-AES concentra-
tions for selected elements measured on sediment core JPC14 ( n = 37). The error bars represent 
1 sigma
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pendix). This demonstrates that changes in water content are responsible for part 
of the observed variability in XRF peak areas. This observation also highlights 
the potential of water content data to correct XRF peak areas obtained on sedi-
ments of highly variable grain-size.

For core JPC14, correcting the XRF peak areas for water content (using the linear 
regressions displayed in Fig. 19.6b) reduces the slopes of the XRF/ICP versus grain-
size relations by 60–85 % (Table 19.3c and d in Appendix; Fig. 19.7). After water 
content correction, the XRF/ICP ratios of all elements but K lose their significant 
correlation to grain-size (Table 19.3c in Appendix), which means that after water 
content correction, the relations between XRF peak areas and elemental concentra-
tions are mostly independent of grain-size variations. For sediments of highly vari-
able grain-size, such as those of core JPC14, correcting XRF peak areas for water 
content therefore significantly reduces the apparent influence of grain-size on XRF 
peak areas.

Fig. 19.5  Correlations between ITRAX XRF core scanner peak areas and ICP-AES concentra-
tions for selected elements measured on sediment core PC29A ( n = 51). The plots show results 
obtained on wet sediment and on pressed pellets (see Core PC29A for details). The error bars 
represent 1 sigma
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Fig. 19.6  Correlations between normalized XRF peak areas/ICP-AES concentrations and (a) 
grain-size, or (b) water content for geochemical elements measured on sediment core JPC14. 
Note the vertical scale difference between Si–Al and the other elements. (0–2.5 for Si and Al and 
0.6–1.4 for the other elements)
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Overall, correcting the XRF peak areas for either water content or grain-size 
slightly improves the correlation between XRF peak areas and ICP concentrations 
(Table 19.4 in Appendix). This improvement is however relatively minor, and the 
difference between the correlation coefficients is never significant at p < 0.05 (Fish-
er’s transformation test). We particularly note that the correlations between XRF 
peak areas and elemental concentrations for Al and Si remain insignificant after 
correction.

Fig. 19.7  Correlations between normalized XRF peak areas corrected for water content/ICP-AES 
concentrations and grain-size for geochemical elements measured on sediment core JPC14. The 
correlations corresponding to water content-corrected measurements are represented by continuous 
lines, while those corresponding to raw measurements are shown as dashed lines, as in Fig. 19.6a. 
The water content correction is derived from the linear regressions presented in Fig. 19.6b. Geo-
metrically, correcting the JPC14 data for water content corresponds to flattening the trends shown 
in Fig. 19.6b. Note the general decrease in the slope of the correlation lines after water content 
correction, except for Si and Ca
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Core PC29A

For core PC29A, which shows minor grain-size variations compared to core 
JPC14, the relations between XRF/ICP and grain-size are insignificant for most 
elements, and the sign of the relation varies inconsistently among elements 
(Fig. 19.8a; Table 19.5a in Appendix). The relation is only significant for Ca, Mn 
and Sr (Table 19.5a in Appendix). The absolute values of the slopes vary between 
0.53 and 8.98 (Table 19.5a in Appendix), which represent fluctuations of the XRF 
peak areas of 0.05–0.9 % per micron.

Since the water content of core PC29A is rather stable and that it is not sig-
nificantly correlated to grain-size, the Pearson correlation coefficients between the 
XRF/ICP ratios and water content are also weak and the significant correlations 
relate to different elements (Fig. 19.8b, Table 19.5b in Appendix). Therefore, cor-
recting the XRF peak areas obtained for core PC29A for water content does not 
decrease the number of significant correlations with grain-size or the slope of the 
correlations (Table 19.5c in Appendix). Correcting the PC29A XRF peak areas for 
water content therefore does not render the data less dependent on grain-size.

To focus on the influence of grain-size and avoid the influence of other physi-
cal properties such as bulk density, correlations between XRF/ICP and grain-size 
were also calculated for the XRF data obtained on dry pellets. These pressed pellets 
have a constant bulk density and they contain no water. It is therefore expected that 
grain-size is the main physical parameter influencing the XRF peak areas. The re-
sults are rather similar to what was obtained for the wet sediment core (Table 19.5d 
in Appendix). The influence of grain-size on XRF peak areas is only significant 
for elements Ca, Fe, and Sr, which demonstrates that the effect of grain-size on the 
XRF peak areas of core PC29A is limited, and insignificant for most elements. The 
absolute values of the slopes reach values of 0.3–10.9, which are of the same order 
of magnitude than for the measurements obtained on wet sediment cores.

In summary, the PC29A dataset shows that grain-size variations significantly af-
fect the XRF peak areas of a few elements only, and that these variations are on the 
order of 0–1 % per micron. There is however no consistency in the level of impreci-
sion caused by grain-size variations. Since the correlations between XRF peak areas 
and ICP-AES concentrations are significantly improved when using pressed pellets 
(Table 19.2 in Appendix), other physical properties such as bulk density must play 
an important role in the relatively high imprecision of XRF measurements obtained 
on wet sediment cores. Changes in bulk density are generally related to sediment 
packing, i.e., porosity, rather than grain density, and could be estimated using core 
logging of gamma-ray (e.g., Zolitschka et al. 2001) or x-ray (Francus et al., this 
volume) attenuation.
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Fig. 19.8  Correlations between normalized XRF peak areas/ICP-AES concentrations and (a) 
grain-size, or (b) water content for geochemical elements measured on sediment core PC29A. 
Note the vertical scale difference between Si–Al and the other elements. (0–2 for Si and Al and 
0.8–1.2 for the other elements)
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Quantifying the Influence of Grain-Size Variations on XRF Peak 
Areas

In Table 19.6 (in Appendix), the slopes of the correlations between the XRF/ICP 
ratio and grain-size are used to quantify the effect of grain-size variations on XRF 
peak areas. The strongest significant imprecisions caused by changes in sediment 
grain-size are for elements K, Sr and Zr, on sediment core JPC14, and for elements 
Ca and Mn on sediment core PC29A. These imprecisions on peak areas caused by 
grain-size are always lower than 1 % per micron.

If we consider that imprecisions of 5 % are satisfactory, which is acceptable in 
elemental geochemistry (e.g., De Vivo et al. 2008), the results obtained on core 
JPC14 show that XRF peak areas obtained on sediment cores with grain-size varia-
tions of up to 20–40 μm. do not need to be corrected for grain-size. This value is 
however lower when considering the results obtained on core PC29A, for which an 
imprecision of 5 % corresponds to grain-size variations of as little as 6 μm for some 
elements.

For Fe and Ti, which are among the most frequently used elements in XRF stud-
ies of sediment cores, grain-size variations of up to 40 μm do not affect the XRF 
peak areas for more than 5 %. For cores that present large grain-size variations, such 
as JPC14, correcting the XRF peak areas for water content significantly improves 
the precision, and therefore increases the grain-size range for which good XRF data 
can be obtained, by a factor of three.

Conclusions

The comparison between XRF core scanner peak areas and ICP-AES elemental 
concentrations obtained on sediment cores JPC14 and PC29A provides evidence 
for a limited influence of sediment grain-size variations on XRF peak areas. Grain-
size variations only affect a limited but inconsistent number of elements. For the 
elements that are affected, the effect of grain-size is negligible for grain-size ranges 
of 10–20 μm. For cores that show large variations in grain-size, correcting the peak 
areas for water content variations improves the precision of the XRF core scanner 
data by a factor of three. This study therefore demonstrates that grain-size varia-
tions are not a major issue in XRF core scanning of sediment cores. Further studies 
should focus on assessing the influence of other sediment physical properties, e.g., 
bulk density, on XRF peak areas.
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Appendix

Table 19.1  Descriptive statistics (arithmetic mean, minimum and maximum) of grain-size, water 
content and ICP-AES elemental concentrations for cores JPC14 (n geochemistry = 44) and PC29A 
(n geochemistry = 102). The relative range (r.r., or range percent variation, i.e., range divided by 
mean) is indicated in parentheses

JPC14 PC29A
Mean Min-max Mean Min-max

Grain-size (μm) 40.1 7.1–180.4 (n = 319) 26.0 17.4–31.4 ( n = 51)
Water content 
(%)

39.9 22.6–51.3 (n = 141) 49.7 47.2–53.3 (n = 102)

Al (wt.%) 8.87 8.44–9.40 (r.r. = 10.8 %) 7.80 7.59–8.21 (r.r. = 8.0 %)
Si (wt.%) 26.4 24.4–29.4 (r.r. = 19.1 %) 25.0 23.8–25.9 (r.r. = 8.5 %)
K (wt.%) 1.93 1.21–2.64 (r.r. = 74.3 %) 1.32 1.20–1.42 (r.r. = 16.7 %)
Ca (wt.%) 3.47 2.60–4.41 (r.r. = 52.2 %) 3.53 3.20–4.02 (r.r. = 23.4 %)
Ti (wt.%) 0.62 0.55–0.66 (r.r. = 18.1 %) 0.68 0.60–0.85 (r.r. = 37.4 %)
Mn (wt.%) 0.108 0.089–0.130 (r.r  = 38.5 %) 0.093 0.086–0.103 (r.r  = 18.2 %)
Fe (wt.%) 5.93 4.71–6.94 (r.r. = 37.6 %) 5.35 4.94–6.14 (r.r. = 22.6 %)
Sr (ppm) 332 247–454 ( r.r. = 62.3 %) 385 350–430 ( r.r. = 20.6 %)
Zr (ppm) 135 78–213 ( r.r. = 101.0 %) 183 159–210 ( r.r. = 28.1 %)

Table 19.2  Pearson correlation coefficients ( r) between elemental XRF core scanner peak areas 
and ICP-AES concentrations. The XRF measurements were obtained on fresh sediment cores for 
(a) and (b) and on dry pressed pellets for (c). Values in bold indicate correlations that are signifi-
cant at p <  0.01. The elements are ranked by atomic number. Correlation plots for selected ele-
ments are represented in Figs. 19.4 and 19.5. The low values of r for Ti in JPC14, and for K and 
Zr in PC29A are due to the low range of concentrations of these elements in these specific cores 
(see Table 19.1). Because not all variables are normally distributed, especially for core PC29A 
(Shapiro-Wilk test), Spearman correlation coefficients were also calculated. The results show no 
change in the significance of the correlations at p < 0.01
Element Atomic number (a) JPC14 (b) PC29A (c) Pellets PC29A
Al 13 − 0.15 − 0.03 0.22
Si 14 0.34 − 0.10 0.33
K 19 0.72 − 0.03 0.49
Ca 20 0.77 0.77 0.91
Ti 22 0.26 0.92 0.98
Mn 25 0.37 0.72 0.81
Fe 26 0.60 0.85 0.94
Sr 38 0.92 0.71 0.57
Zr 40 0.76 0.21 0.37
n – 37 102 102
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Table 19.4  Pearson correlation coefficients ( r) between elemental XRF core scanner peak areas 
and ICP-AES concentrations before any correction (a), after water content correction only (b), and 
after grain-size correction only (c), for sediment core JPC14 ( n = 37). Values in bold indicate cor-
relations that are significant at p <  0.01. The low values of r for Ti are due to the low range of Ti 
concentrations in core JPC14 (relative range of 18.1 %, see Table 19.1). Correcting the XRF peak 
areas for water content or grain-size, using the regressions shown in Fig. 19.6, does not signifi-
cantly increase the correlation coefficients between elemental XRF core scanner peak areas and 
ICP-AES concentrations. (Fisher r-to-z transformation, two-tailed test, p < 0.05)
JPC14 Correction
Element (a) None (b) Water content (c) Grain-size
Al − 0.15 − 0.21 − 0.08
Si 0.34 0.27 0.25
K 0.72 0.81 0.81
Ca 0.77 0.74 0.78
Ti 0.26 0.30 0.19
Mn 0.37 0.50 0.56
Fe 0.60 0.73 0.72
Sr 0.92 0.87 0.85
Zr 0.76 0.86 0.85

Table 19.3  Pearson correlation coefficients ( r) and slopes of the linear regressions (× 103) between 
normalized XRF peak areas/ICP concentrations and (a) grain-size, or (b) water content, for sedi-
ment core JPC14 ( n = 37). See graphical representation in Fig. 19.6. Values in bold indicate cor-
relations that are significant at p < 0.01. The slope values in gray indicate the elements for which 
correlations are not significant at p < 0.01. Note the opposite signs of the regressions between (a) 
and (b) for most elements. Higher absolute values of the slopes indicate a higher influence of (a) 
grain-size or (b) water content variations on XRF core scanner peak areas. Correcting the XRF 
peak areas for water content (c) decreases the significance and the absolute values of the slopes of 
the correlations between XRF peak areas/ICP concentrations and grain-size. The relative decrease 
in the slope is indicated in (d). The water content correction consisted in back-calculating the XRF 
peak area/ICP concentration values using the regressions shown in Fig. 19.6b. See illustration in 
Fig. 19.7
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Table 19.6  Decrease in the relative precision of XRF core scanner measurements due to grain-
size variations, for data obtained on sediment core JPC14 before (a), and after (b) water content 
correction, and for data obtained on sediment core PC29A (c). These values are derived from the 
slope of the linear regressions presented in Figs. 19.6a, 19.7 and 19.8a. Columns (d) to (f) present 
the range of grain-sizes that corresponds to a relative precision of XRF core scanner measurements 
of 5 %. (see Tables 19.3a, 19.3c and 19.5a)
Element Decrease in relative precision per 

micron (%)
Range of grain-sizes corresponding to 5 % 
precision (μm)

(a) JPC14 (b) JPC14-cor-
rected for water 
content

(c) 
PC29A

(d) JPC14 (e) JPC14-cor-
rected for water 
content

(f) PC29A

Al – – – – – –
Si – – – – – –
K 0.43 0.20 – 12 25 –
Ca – – 0.90 – – 6
Ti 0.12 – – 42 – –
Mn – – 0.77 – – 7
Fe 0.12 – – 40 – –
Sr 0.20 – 0.52 25 – 10
Zr 0.19 – – 26 – –

“–” indicates elements for which the influence of grain-size on XRF peak areas is insignificant at 
p < 0.01

Table 19.5  Pearson correlation coefficients ( r) and slopes of the linear regressions (× 103) between 
normalized XRF peak areas/ICP concentrations and (a) grain-size, or (b) water content, for sedi-
ment core PC29A [n = 51 for (a) and 102 for (b)]. See graphical representation in Fig. 19.8. Values 
in bold indicate correlations that are significant at p <  0.01. The slope values in gray indicate the 
elements for which correlations are not significant at p < 0.01. Higher absolute values of the slopes 
indicate a higher influence of (a) grain-size or (b) water content variations on XRF core scanner 
peak areas. Correcting the XRF peak areas for water content (c) does not systematically decrease 
the slope of the regressions. Column (d) represents the Pearson correlation coefficients ( r) and 
slopes of the linear regressions (×  103) between normalized XRF peak areas obtained on pressed 
pellets/ICP concentrations and grain-size ( n = 51). The relative change in the slope of the linear 
regressions between data obtained on dry pellets (d) and fresh sediment cores (a) is indicated in 
(e). The results show that, for core PC29A, XRF data obtained on pressed pellets are not more or 
less dependent on grain-size than data obtained on fresh sediment cores
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