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Innovative Elemental Mapping of Geological Minerals
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1. SUMMARY

The spatial resolved analysis of trace elements offers a deeper understanding of solid samples and thus of processes that lead to
formation or transformation of e.g. geological samples. Since small spot sizes improve the resolution a high sensitive detection is key
for this kind of applications. With its industry-leading sensitivity the PlasmaQuant® MS Elite allows the use of smaller spot-sizes to
improve the resolution and precision.

The J200 Tandem LA — LIBS instrument from Applied Spectra, Inc. provides the unique
capability of combining the analytical benefits of both LA-ICP-MS (Laser Ablation-
Inductively Coupled Plasma-Mass Spectrometry) and LIBS (Laser Induced Breakdown
Spectroscopy).

LIBS can be used for the analysis of H — Pu,
which includes non-metals such as H, N, O,
and halogens that are difficult or impossible
to analyze by a conventional ICP-MS instrument.
When coupled with an ICP-MS instrument, it
can perform LA-ICP-MS measurements focusing
on trace elemental and isotopic ratio
compositions.
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This tandem instrument, in combination with an Analytik Jena PlasmaQuant® MS Elite ICP-MS, expands the dynamic range of analysis
from sub-ppb levels with LA-ICP-MS, to % levels with LIBS, while also increasing the elemental coverage to typical ICP-MS elements
and lighter, organic, and halogen elements such as H, Ar, He, O, and F detection with LIBS.

To understand the capabilities of the J200 Tandem LA — LIBS instrument in combination with the PlasmaQuant® MS Elite ICP-MS, a
rare earth element, (REE),-rich mineral was analyzed and the elemental composition over a 16 mm? area was mapped using contour
plots. The REE-rich sample contains bastnasite ((Ce, La)CO,F) and barite (BaSO,), which have very distinct regions as seen in
Figure 1.

Figure 1. Optical Image of bastnésite mineral used for LIBS analysis. Tan region = bastnésite and white region = barite.

2. INSTRUMENTATION

Operating Parameters Analytik Jena PlasmaQuant® MS Elite

= Time resolved data acquisition (with)

= High sensitivity optimization

= Peak hopping: 49Ti+, 65Cu+, GGZn", 137Ba+, 139|_a+, 14009*, 208Pb+, 232Th+, and 28U+

= Synchronized communication triggering with the J200 Tandem LA — LIBS instrument

Operating Parameters Applied Spectra J200 Tandem LA-LIBS
= 213 nm Nd:YAG laser (ns) and an ICCD detector controlled using Applied Spectra Axiom

Software

= 85 um crater diameter (spot size)

= Flex sample chamber with helium gas flow

= Laser sampling grid with a total of 400 locations over a 4 mm x 4 mm area using 50 laser pulses per location
= Applied Spectra Data Analysis Software package
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3. SAMPLE ANALYSIS

Rare Earth Element (REE)-Rich Mineral. The mineral sample was used to assess the ability of the J200 tandem instrument in
combination with the Analytik Jena PlasmaQuant® MS Elite. A 16 mm? area was analyzed using laser spot size of 85 um (diameter)
and spacing of 115 ym between locations.

Figure 2 displays the LIBS intensity map for F 685.6 nm and O 700.2 nm from the sample. Based on the optical image from Figure
1, the white region of the sample is richer with oxygen than the other regions based on the contour plot in Figure 2. The tan region
is richer with fluorine suggesting that these tan areas of the sample are bastnésite.

- Max Signal

- No Signal

Figure 2. a) Fluorine and b) oxygen LIBS intensity maps. The data is a result of 50 laser pulses per location, 85 um spot size, and 400 locations
over a 4 mm x 4 mm area.

The LIBS intensity maps only tell part of the story. When coupled to an ICP-MS PlasmaQuant® MS Elite LA-ICP-MS data can be
obtained simultaneously using the tandem feature of the J200. Figure 3 displays the intensity maps for the elements that are
typically found in barite and bastnasite minerals. LA-ICP-MS and LIBS together show that the white region is rich in barium and
oxygen (aforementioned), which corresponds with barite. The tan region of the sample is high in lanthanide, cerium, and fluorine
(aforementioned), which corresponds with the bastnasite. These contour plots match nicely with the optical image shown in
Figure 1.

Figure 3. Major elements of the REE-rich sample, a) barium, b) lanthanide, and c) cerium LA-ICP-MS intensity maps.



SPECIAL APPLICATION NOTE analytikjena

PlasmaQuant® MS Elite An Endress+Hauser Company

Innovative Elemental Mapping of Geological Minerals

Figure 4 displays the intensity maps of trace elements from the 16 mm? area of the REE-rich mineral sample analyzed. These plots
display results from intensities of lead, thorium, uranium, titanium, cobalt, and copper (these elements are typically < 0.1 wt. %).
Titanium and copper were found to be mainly associated with the barite mineral (white region). Lead and cobalt were associated
with the brown region of the sample. Uranium and thorium were only associated with the bastnasite. The trace elements detected
in this sample match current literature on these types of REE-rich mineral samples.

Figure 4. Trace elements of the bastnéasite mineral, a) lead, b) thorium, c) titanium, d) cobalt, e) uranium, and f) copper LA-ICP-MS intensity maps.

4, Conclusion

LIBS was demonstrated as a means for detecting fluorine and oxygen in REE-rich mineral samples. These are analytes that are
difficult or impossible to detect through other atomic spectroscopy techniques. Interfacing the J200 tandem instrument with the
PlasmaQuant® MS Elite ICP-MS enabled more complete elemental mapping of the investigated mineral. Elemental mapping of
the sample using the data analysis software from Applied Spectra allowed for easy integration of the LIBS and LA data to create
contour plots as shown in the aforementioned sections. The high sensitivity of the PlasmaQuant® MS Elite ICP-MS was ideal for
trace level elemental and isotopic mapping analysis, since LA-ICP-MS often involves very small quantity of sampled mass, especially
when high spatial resolution is desired.
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