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Fig. 5. Comparison of Delta-B results in mining plus mode with laboratory geochemistry for rock core samples (triangles) and powdered samples 
(squares). The pXRF data are averages of series of 31–63 measurements made on 27 samples from the Matagami, Hébécourt and Chibougamau regions. 
The reverse of the linear regressions correspond to the corrections that should be applied to the pXRF data to obtain more accurate values. The dotted 
line on each graph represents the 1:1 slope.
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Table 2. Correction factors (k1 and k2)* and limit of detection** of 
corrected data for the Delta-A analyser in soil mode

Element/oxide k1 k2 Limit of detection

K2O 1.189 –0.145% 0.01%
TiO2 1.158 0 0.01%
Cr 1.241 0 12 ppm
Nb 1.136 0 4 ppm
Rb 0.946 0 2 ppm
Sr 0.933 0 2 ppm
Y 0.886 0 3 ppm

*The elements/oxides are corrected with this formula: (raw pXRF data)*k1 + k2
**The limit of detection is roughly estimated with the second lowest corrected 
concentration recorded for each element

Table 3. Correction factors (k1 and k2)* and limit of detection** of 
corrected data for the Delta-B analyser in mining plus mode

Element/oxide k1 k2 Limit of detection

SiO2 0.791 0 2.5%
Al2O3 1.062 0 0.4%
MgO 1.087 1.613% 1.6%
CaO 0.842 0.968% 0.97%
Fe2O3 0.924 0 0.03%
MnO 0.702 0 0.01%
Zr 0.906 0 7 ppm
Ni 1.526 –41.081 ppm 2 ppm

*The elements/oxides are corrected with this formula: (raw pXRF data)*k1 + k2.
**The limit of detection is roughly estimated with the second lowest corrected 
concentration recorded for each element.

Table 4. Sample and instrumental precision for a rock core and a powder on a basaltic andesite sample (HEB-02-08) with the Delta-A device in ‘soil’ 
mode

Measurements on rock cores Measurements on powders

 Instrumental precision1 Sample precision2 Sample precision 5 pts3 Sample precision 25 pts3 Instrumental precision4

K 14.1% 32.5% 23.8% 5.7% N/A
Ca 1.3% 24.8% 10.5% 2.8% 1.4%
Ti 1.7% 12.8% 6.6% 1.8% 1.7%
V 5.6% 11.0% 7.1% 2.3% 6.7%
Cr 8.9% 23.1% 15.2% 6.6% 16.3%
Mn 1.7% 12.3% 7.1% 1.8% 1.7%
Fe 0.8% 15.5% 9.6% 2.4% 0.6%
Cu 10.8% 23.2% 12.0% 5.7% 5.6%
Zn 4.8% 19.8% 11.1% 2.2% 4.7%
Sr 3.4% 16.4% 11.2% 3.4% 3.6%
Zr 2.2% 9.0% 4.0% 1.4% 2.2%
Y 2.9% 10.5% 5.8% 2.1% 3.0%
Nb 19.3% 16.9% 6.4% 1.7% 18.5%

1 The instrumental precision on rock cores is the relative standard deviation of 31 measurements taken on the same spot of the sample (i.e. without moving the device between 
each measurement).
2 Sample precision is defined as ‘the reproducibility of multiple analyses on different points’. It is measured as relative standard deviation of the 42 measurements made on 
different spots on the sample.
3 An ‘n’ points moving average was calculated from the 42 results obtained on the sample, generating a new (modified) data set. The ‘n points sample precision’ is the relative 
standard deviation of this new data set.
4 The instrumental precision on powdered samples is the relative standard deviation of 31 measurements taken on the powdered sample contained in a c. 2.5 cm diameter sample 
cup and covered by a 6 mm Mylar® film.

Fig. 6. Venn diagram representing the 
three groups of correctible elements: (1) 
elements better determined in situ on 
rock cores with respect to accuracy, (2) 
elements better determined on powders 
and (3) elements showing similar results 
regardless of the media. The diagram also 
shows the elements that are detected but 
not correctible. The following elements 
and oxides are determined in mining 
plus mode for best results: Al2O3, CaO, 
Fe2O3, MgO, MnO, Ni, SiO2 and Zr. 
The following elements and oxides are 
determined in soil mode for best results: 
Cr, K2O, Nb, Rb, Sb, TiO2 and Y.
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Discussion

It is common practice in the literature to crush and pulverize rock 
samples before analysing them with a pXRF device. However, 
preparing a powder before analysis is labour- and time-consuming. 
This study shows that the instrumental precision and the data accu-
racy are not generally improved with powdered samples, relative 
to in situ pXRF measurements, with a few exceptions. The key 
advantage of the powder is therefore to homogenize the sample: in 
situ measurements are heavily influenced by mineralogical hetero-
geneity, even for our fine- to medium-grained samples (e.g. Table 
4). However, assuming that a high spatial resolution down-hole 
geochemical profile is desired (e.g. 20–40 cm measurement spac-
ing), working on powders would mean the near total destruction of 
the core, which may not be allowed by the owner, or if time is a 
limiting factor, there would be a loss of spatial resolution.

The effect of mineralogical heterogeneity is decreased when 
several in situ measurements are taken next to each other on a sam-
ple and averaged (Hall et al. 2013b). To explore this further the 
basaltic andesite sample (HEB-02-08) covered by Device A in soil 
mode with 42 measurements spread over its surface is taken as an 
example. Moving averages of 3–29 points were calculated for all 
the elements. The RSDs were plotted against the number of points 
in each moving average in Figure 7. For example, if one averages 
five measurements taken at different points on the core sample, the 
result for Fe should be within ±10% of the average of 42 measure-
ments, two-thirds of the time (Fig. 7a). For most elements, the 
main gain in sample precision is achieved within 3–7 measure-
ments, except for the elements in low abundances in this sample, 
such as K and Zn. Using the suggestion of Piercey & Devine 
(2014) for precision qualification (excellent precision is <3%; very 
good is 3–7%; good is 7–10%; poor is >10%), all elements, even 

Fig. 7. Results of a ‘sample precision’ test with the Delta-A device in soil mode on a basaltic andesite core sample (HEB-02-08): (a) major elements; 
(b) trace elements. The relative standard deviations were calculated from a series of 42 measurements, each taken on a different spot on the sample, 
after moving averages of 1–29 points were calculated. The best compromise between improvements in precision and analysis time (i.e. number of 
measurements averaged) seems to be between five and seven points.
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the less abundant ones, have ‘good’ or better precisions at 17 
measurements.

Suppose that 40 min is available to fully characterize one core 
sample with two pXRF analysers (one in soil mode, the other in 
mining plus mode). During this time, a single qualified person can 
either make 25 in situ analyses with both analysers on the sample 
(with a batch of samples being processed sequentially, the analys-
ers can run simultaneously and each take 20–25 measurements on 
every sample during the allocated 40 min), or spend much of the 
time crushing the sample, quartering to obtain a repetitive fraction, 
pulverizing, cleaning the equipment, putting the powder into a 
XRF cup, and performing a single measurement with each ana-
lyser. In Table 4 one can directly compare the sample precision of 
the 25 point averages for in situ work with the instrumental preci-
sion for the powder. The in situ results are comparable or better for 
most elements. Only with Fe and Ca the powder is considerably 
better, but the in situ precision for these elements are still consid-
ered excellent.

Instead of taking measurements close together on a core sample 
and averaging them, it is possible to take measurements at regular 
intervals along the core and smooth the data with a 3-point or 
5-point moving average (Ross et al. 2013, 2014b). This assumes 
that geological units are much thicker than the measurement inter-
val, which would typically be the case for lava flows or thick sills 
for example.

Conclusions

This study compared in situ pXRF measurements on drill-cores 
with measurements on equivalent powders for a suite of 27 sam-
ples of dense, fine- to medium-grained, mafic to felsic, non-miner-
alized, Precambrian volcanic and intrusive rocks from the Abitibi 
Greenstone Belt of Canada. Instrumental drift was also assessed. It 
was shown that:

(1) intra-day or long-term instrumental drift does not seem to 
be a common problem;

(2) in general, there is no gain in instrumental precision by 
analysing powders instead of unprepared rock cores;

(3) in general, powdering does not lead to significant gains in 
accuracy either; and

(4) for both media (rock cores or powders), data accuracy 
can be dramatically improved by applying analyser-spe-
cific and matrix-specific corrections factors derived from 
regression of the pXRF data against traditional laboratory 
geochemistry on the same suite of representative samples.

Powdering is a good way to counter mineralogical heterogeneity 
and is the main justification for sample preparation, but it destroys 
the drill-core and is time-consuming. This study confirms that on 
fine- to medium-grained volcanic and intrusive rocks, averaging 
multiple measurements on different spots on the sample will 
quickly improve sample precision to acceptable levels for most 
geological applications. For example, if the goal is to obtain high-
spatial resolution down-hole geochemical profiles on entire drill-
holes, then in situ measurements with smoothing (e.g. 3–5 point 
moving averages) provide fit-for-purpose data.
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