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Introduction

Over the past few years, laser induced breakdown spectroscopy (LIBS) has become an increasingly 
popular technique for imaging geologic samples due to the decreased time it takes to run an 
experiment and versatility of which elements can be monitored. To obtain emission spectra with 
the highest overall signal intensities, we utilized a large spot size with a high laser fluence which 
results in high laser energy ablation. However, this increased spot size results in lower resolution 
images. One strategy to increase resolution without decreasing emission spectra intensity is to 
increase the laser dosage, which is defined as the number of laser pulses per unit area. Using 
a high laser dosage has been demonstrated as a viable technique for increasing image quality 
for LA-ICP-MS imaging (Figure 1).Therefore, applying this technique to LIBS can allow imaging 
with a large spot size which will maximize the emission spectra intensity, resulting in increased       
image resolution.

In this work, we will explore two different LIBS imaging techniques. The first technique, considered 
the current standard, uses a low laser dosage, while the second technique utilizes a higher 
laser dosage, in which high spatial resolution is achieved by small XY stage movements. These 
experiments were conducted using a 193 nm ns excimer laser in combination with a multi-channel 
CMOS detector. LIBS images collected with a high laser dosage generated higher resolution 
images that would not normally be achievable when running at a lower laser dosage.
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Methods

Results

Figure 2. Left, a concentration map of Ca in a glass bead comparing image resolution when using a low, medium and high laser dosage; Middle, a 
concentration map of Al in a glass bead comparing image resolution when using a low, medium and high laser dosage; Right, a concentration map of Sr 
in a glass bead comparing image resolution when using a low, medium and high laser dosage. The analysis duration was 5 minutes for dosages of 1 and 
4, and 18 minutes for the laser dosage of 16. All images were created with Iolite4 and the data was reduced using the Trace Elements DRS.

Laser

Fluence 15 J/cm2

Laser Wavelength 193 nm

Repetition Rate 150 - 400 Hz

Spot Size 100μm x 100 μm

Scan Speed 10,000 μm/s

Carrier Gas Flow 800 mL/min He

Area (bead) 8.4 mm x 8.8 mm

Area (pegmatite) 20 mm x 23 mm

LIBS

Integration 50 μs

Spectrometer Delay 0.2 μs

Wavelength Range 190 - 1100 nm

Spectrometer Type CMOS

Table 1. Instrumental settings for imageGEOLIBS system.

1000μm 1000μm 1000μm

Figure 1. Top, a schematic diagram illustrating a laser dosage of 
1; Middle, a schematic diagram illustrating a laser dosage of 4; 
Bottom, a schematic diagram illustrating a laser dosage of 16.
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Results (Continued)

Figure 3. Left, RGB map of Ca (red), K (green), and Na (blue) in a pegmatite 
sample imaged using a low laser dosage (laser dosage:1); Right, RGB map of Ca 
(red), K (green), and Na (blue) in a pegmatite sample using a high laser dosage 
(laser dosage:16). All images were created with Iolite4 and the data was reduced 
using the Trace Elements DRS.

Figure 4. Left, RGB map of Fe (red), Mn (green), and Mg (blue) in a pegmatite sample; Middle, RGB map of Rb (red), Be 
(green), Sr (blue) in a pegmatite sample; Right, RGB map of Ba (red), Li (green), and Mg (blue) in a pegmatite sample. All 
images were aquired using a laser dosage of 16 and took 1.5 hours to image. All images were created with Iolite4 and 
the data was reduced using the Trace Elements DRS.
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High Frequency 193 nm 
Excimer Laser Source

TwoVol3 Ablation Chamber
- Imaging Interface: Ultra-fast washout 

(< 1 ms – 1000 pixels/s) for high sensitivity 
and high imaging resolution

- Analytical Interface: Switchable cup 
for high precision data analysis

- Typhoon Purge: World’s most efficient 
air removal system

Dual LIBS Connections
- Fiber optic cables for dual LIBS detection

ICPMS
- Ablate material into a quadrupole, 

time-of-flight or high-resolution ICPMS

- 10 nm resolution at high speed with 
closed-loop feedback for perfect 

position recall

Nanograde 
High-Precision Stages

XYR Beam Shaping

Microscope Viewing
- Ultra-HD viewing of the sample
- < 0.55 μm resolution 
- 20X video objective (upgrade option)
- Software switchable objective

imageGEOLIBS

- Square and rectangular ablations 
   ◦ Sampling matches pixels
   ◦ Spot size = 1-220 μm

Beam Delivery 
System (BDS)
- Purpose designed sealed and purged 
  BDS with minimal number of rotatable 
  optics for lowest cost of ownership

Imaging Mode
- Provides edge-to-edge ablation 
  and controlled laser dosage

- Water cooled, 500 Hz frequency for 
stable high-speed imaging

- 1000 Hz available (upgrade option) – 
ideal for ICP-TOF-MS integration

ESLumen
- Spectral coverage from 190-1100 nm
- Adds full elemental coverage
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Methods

• Increasing laser pulse overlap while using large laser spot sizes increases laser dosage.

• This higher laser dosage improves overall resolution of an image while maximizing emission 
spectra intensity.

• Changing laser pulse overlap in both X and Y directions has a higher resolution than just 
changing the overlap in the X direction but increases the analysis duration.

Figure 4. imageGEOLIBS Features Diagram


