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Abstract: Portable EDXRF (Energy Dispersive X-Ray Fluorescence) spectrometer with the ability to perform rock
tests in a helium atmosphere was applied to prepare unique calibration coefficients and mineralogical models.
These data could be used for the chemical profiling, chemostratigraphy, gamma-ray, TOC and lithological inter-
pretation of borehole geological profile. The measurements were conducted on 19 samples of sandstones and com-
pared to the XRF data without helium flow. The acquired dataset was calibrated to the chemical laboratory tests
(ICP-MS), gamma-ray spectrometry measurements (RT-50) and combined with the mineralogical data (XRD).
The new methodology enables the measurement of sodium and enhances the possibility of detecting magnesium,
thorium and uranium, compared to standard handheld XRF spectrometers. The applied method is dedicated to

whole cores (without sample preparation) or cuttings which must be cleaned, dried, milled and pressed.
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INTRODUCTION

X-ray fluorescence (XRF) techniques have been
known since the 1950’s and can be used as a par-
tially destructive or non-destructive method for
chemical composition analyses, depending on the
type of material or desired data accuracy (Acqua-
fredda 2019). Stationary geochemical methods
such as inductively coupled plasma — mass spec-
trometry (ICP-MS), optical emission spectrome-
try (ICP-OES), instrumental neutron activation
analysis (INAA), wavelength-dispersive X-ray flu-
orescence (WDXREF) or energy-dispersive XRF
(EDXRF) are used for the quantitative chemical
analysis of a broad range of elements (Kozak 2010,
Rowe et al. 2012). All these laboratory techniques
require sample preparation and calibration before
tests. Handheld spectrometers, which use the en-
ergy-dispersive method (EDXRF), allow for rapid,
non-destructive elemental analysis on clean drill

cores or flat rock surfaces (Ogburn et al. 2012,
Rowe et al. 2012). Rock fragments or core struc-
tures with surface unevenness can generate an
important barrier in elemental analyses, and this
is something that should be avoided (Liangquan
et al. 1998). On the other hand, prepared samples
such as pressed pellets or fused beds deliver high
quality and repeatable results.

The Well Logging Department of the Oil and
Gas Institute - National Research Institute has
used the XRF method for geochemical rock anal-
yses since 2013 (Skupio 2014) and a new meth-
odology with helium flow for the last two years.
XRF data enables the preparation of well profiles
with elemental composition and mineralogy, as
well as lithology interpretation. The interpreta-
tion is based on models which combine XRF re-
sults with chemical and mineralogical laboratory
tests. XRF data are essential for verifying quali-
tative and quantitative results obtained by XRD
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analyses that can solve mineralogical uncertain-
ties in analyzed rock samples (Loubser & Verryn
2008). Besides, these non-destructive methods
enable analyses to be conducted on cores where
sampling is unviable. This makes it possible to
prepare geochemical logs for archival boreholes,
in which well logging services were not execut-
ed (Kowalska et al. 2018). XRF analyses are also
conducted on the cuttings collected during the
borehole drilling, which is using for the geosteer-
ing procedure (Chao et al. 2015). Furthermore,
obtained elements profile could be used for the
determination of gamma-ray (GR) based on K,
U and Th (Skupio & Dohnalik 2015), total organic
carbon (TOC) content based on Mo, Ni, Cu (Al-
nahwi & Loucks 2019) or brittleness index which
depends on brittle mineral contents including
quartz, calcite and dolomite (Yang et al. 2013, Ya-
sin et al. 2017).

METHODS AND MATERIALS

A handheld Tracer 5¢ XRF spectrometer with the
ability to perform tests in helium atmosphere was
used for the research (Fig. 1A). It was equipped
with a 1 um graphene window, 20 mm? Silicon
Drift Detector (SDD) with < 140 eV, Mn Ka res-
olution for optimum light element analysis. The
excitation source is a rhodium (Rh) thin window
X-ray tube with maximum parameters as 50 kV,
200 pA and 4 W (Bruker Corporation WWW).
The analysis range is from Na to U (with He

atmosphere), calibration for helium tests reaches
31 elements, whereas calibration without He de-
tects 47 elements. Two separate measurements
with both calibration methods allow the highest
elemental analysis range to be achieved. In con-
trast, the standard Titan S1 spectrometer (with-
out helium flow) was also applied. It is still used
and has an analytical range from Mg to U (Skupio
2014). Both devices were developed by Bruker
and after suitable calibration (Skupio & Zagorska
2020), could be used alternately.

For high-quality measurements, 19 samples
were collected from a sandstone drilling core. This
material was cleaned, dried, milled, and pressed
with a pressure force of 20 tons. The preparation
procedure provides sample homogeneity and high
repeatability of the measurements. Pellets (Fig. 1B)
were tested with the helium flow of 0.6 L/min and
240 s of measurement time in two phases. Light el-
ements (first phase): Na, Mg, Al, Si, P, S, CL, K, Ca
and heavy elements (second phase) were separate-
ly detected. The same pellets were also tested with
the use of a Titan spectrometer.

Parts of the milled samples were separated for
chemical, mineralogical and natural gamma ra-
dioactivity analyses. Chemical analyses were con-
ducted with the ICP-MS/OES method in an ac-
credited geochemistry laboratory. Mineralogical
measurements were done by the XRD method and
the gamma-ray measurements were performed
using an RT-50 stationary spectrometer with the
3 inch Nal (TI) detector.
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Fig. 1. Tracer 5¢ spectrometer with a helium flow system (A). Pressed sample for XRF analysis (B)
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RESULTS AND DISCUSSION

Figure 2 shows an example of chemical data cal-
ibrations obtained from two spectrometers — Ti-
tan S1 and Tracer 5g. For the calibration procedure
presentation, SiO, and Al,O, results were correlat-
ed with the laboratory tests. These oxides are ma-
jor components in the tested rock types and sig-
nificantly different measured levels were obtained
by the two spectrometers. During comprehensive
lithological interpretation, the calibration pro-
cedure is also used for other elements occurring
in the well profile (the range of elements depends
on the rock type). FUS-ICP - technique employs
alithium metaborate/tetraborate fusion for sample
preparation, analysis is by ICP-OES and ICP-MS.

The obtained data showed a strong correlation
for the tested oxides by means of two different
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spectrometers and methods. R* for SiO, and Al,O,
was about 0.89 and 0.91 for Titan and 0.92 and
0.93 for Tracer. High R’ enables to calibrate re-
sults with high precision from both spectrometers
in reference to stationary chemical tests. The data
from measurements of suitably prepared samples
are essential input for handheld XRF data calibra-
tions and the development of mineral models.

The lightest elements as Mg and Na were also
calibrated to thelaboratorytests (Fig. 3). The helium
method allowed the measurement of sodium and
magnesium with high precision giving R* = 0.81
and 0.98. Standard XRF measurements were not
efficient enough to detect Na and have no correla-
tion for Mg. Additional analyses by Tracer in the
air atmosphere showed R* = 0.51, which means
that Tracer has better sensitivity for light elements
even without helium application.
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Fig. 2. Examples of correlation graphs for SiO, and AlL,O, using Titan and Tracer spectrometers before and after the calibration
procedure. Titan Air - the standard method, Tracer He — the measurement with helium flow
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Fig. 3. MgO and Na,O correlation graphs for Titan and Tracer spectrometers with the laboratory data

Natural spectral gamma-ray data that could be
used for shale volume calculation was also mea-
sured only with helium flow for uranium and
thorium (potassium can be measured by means
of a standard procedure). In Figure 4, XRF data
were combined with laboratory tests (11 samples)
and the R* was 0.98 for K and about 0.7 for urani-
um and thorium. Measurements for uranium and
thorium were not complete because few samples
had U and Th content below detection limits. For
the tests on low radioactive rocks, a gamma spec-
trometer must be used.

Calibrated data are inserted into unique miner-
alogical models. In the comprehensive lithological
interpretation, models are built for quartz (SiO,),
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carbonates - calcite and dolomite (MgO, CaO),
feldspars - sodium and potassium (Na,O, K), an-
hydrite (S), pyrite and hematite (Fe,O,), barite (Ba)
and clay minerals as muscovite, illite, chlorite and
kaolinite (AL,O,, K, U, Th). Figure 5 shows exam-
ples of models for the most abundant minerals in
tested samples as quartz, carbonates, the sum of
clay minerals and feldspars, which were detect-
ed by Tracer with helium flow. Correlation coefhi-
cients are high for data from both spectrometers,
which means Titan and Tracer could be used al-
ternately. The helium method enables the mea-
surements of sodium and magnesium, which al-
lows for preparing additional models for sodium
feldspars and dolomites.
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Fig. 4. Correlation of spectral gamma-ray data from laboratory tests and Tracer 5¢ measured in helium atmosphere: K, U and Th

https://journals.agh.edu.pl/geol



Portable XRF spectrometer with helium flow as a tool for lithological interpretation

319

a0
20 [ ] |
o [ |
70
¥ 80
N L []
1= - w | |
g 50 =
= 40
[ ] [ |
30 +— —w
¢ on
20 e
10 50 60 70 80 90
e Titan Air ™ Tracer He Si0; [%]
30
%5 —R*=0.95
& 20 2_ el
%20 |—R? = 0.96 —rs
@ . o
B 15 =
I
2
© 10
~ e
. s
e
Mo
o s
0 5 10 15
e Titan Air = Tracer He Cao [%]

70
— [ ] ]
ﬁ 55 ] L
£
£
& 40 o
: l l. b
o
£ % 8
s m
Jae _am
0 5 10 15 20 25

e Titan Air = Tracer He K20 +Al;03 [%]

35

30 =

25 Rz =

5

20

15 =

Feldspars [%]
[ |

10

5

O 1
0.0 0.5 1.0 15 2.0 2.5
Na,0 [%]

= Tracer He

Fig. 5. XRF/XRD mineral models for lithology interpretation. Examples of models for quartz, the sum of clay minerals, carbon-

ates and feldspars

CONCLUSIONS

XREF results from the helium method had higher
correlation coeflicients combined with laborato-
ry data and much lower detection limits for light
elements comparing to measurements conducted
in the air atmosphere. The high-quality litholog-
ical interpretation based on XRF data is similar
for most elements and minerals using the stan-
dard or helium method. Application of helium at-
mosphere and dedicated calibration for Tracer 5g
spectrometer improve the interpretation for dolo-
mites and sodium feldspars, as well as shale vol-
ume with the use of K, U, and Th. The prepared
models could be used for XRF data from measure-
ments along boreholes (core or cuttings), in which
samples were analyzed, or in boreholes from the
same basin with a similar lithology and mineral
composition.
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