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LIBS 

LIBS goes everywhere… 

Desert Tunnels 

Factories 

Planets 

Urban environment 



► Raman spectroscopy S. White et al. Geochem. Geophys. Systems 2006 

► X-Ray fluorescence J. Harten et al. J. Marine Chem. 2008  

► Mass spectrometry S. Short et al. J. Am. Soc. Mass Spectrom. 2001 

► LIBS    

Underwater analytical technologies 

Bow Railing of the Titanic 

Courtesy: National Geographic Society 
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Single pulse excitation 

 

Short ns pulses 

 

 

 

 

 

 

Dual pulse excitation 

 

Short ns pulses 

 

 

 

 

 

 

Multi-pulse excitation 

 

Extended ns pulses 

 

 

 

 

 

 

EXCITATION MODES IN LIBS 
 
Clues for underwater LIBS of submersed solids 

- Simple design 

- Efficient ablation 

- Insufficient energy for  

  plasma formation 

 

- Difficult to maintain in extreme 

  environment 

- Efficient ablation 

- Efficient plasma formation 

- Simple design 

- Large ablation rate 

- Intense plasmas 

 



Monopulse LIBS inside liquids 

LIBS signal generation underwater using dual pulse excitation 

V. Lazic, J.J. Laserna, S. Jovicevic 

Spectrochim. Acta B 82 (2013) 42 



Double pulse LIBS inside liquids 



Factors affecting the DP-LIBS signal  

V. Lazic, J.J. Laserna, S. Jovicevic, Spectrochim. Acta B 82 (2013) 50 
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 Fig. 1. Overview of the remote LIBS instrument used for the analysis of submerged archeological objects. 

S. Guirado,  F.J. Fortes,  V. Lazic,  J.J. Laserna 

 Chemical analysis of archeological materials in submarine environments using laser-induced breakdown spectroscopy. 

On-site trials in the Mediterranean Sea 

Spectrochimica Acta Part B: Atomic Spectroscopy, Volumes 74–75, 2012, 137–143 

http://dx.doi.org/10.1016/j.sab.2012.06.032 



Pressurized air supply 

Power unit 

Auxiliary module 



 Fig. 2. Effect of operational parameters on underwater LIBS signal: A) net intensity of Cu (I) (521.93 nm) as a function of the lens-to-

sample distance and B) Cu/background intensity LIBS ratio as a function of the angle of incidence between the laser radiation and 

the sample surface. 

S. Guirado,  F.J. Fortes,  V. Lazic,  J.J. Laserna 

 Chemical analysis of archeological materials in submarine environments using laser-induced breakdown spectroscopy. 

On-site trials in the Mediterranean Sea 

Spectrochimica Acta Part B: Atomic Spectroscopy, Volumes 74–75, 2012, 137–143 

http://dx.doi.org/10.1016/j.sab.2012.06.032 



Depth 

The effect of water pressure: matrix effect 





First Field Trials 
Málaga Bay 



First Field Trials 
Málaga Bay 



First Field Trials 
Málaga Bay 



First Field Trials 
Málaga Bay 



First Field Trials 
Málaga Bay 



First Field Trials 
Málaga Bay 



Materials recognition underwater using LIBS 

Depth – 30 m 

S. Guirado, F.J. Fortes, V. Lazic, J.J. Laserna 

Spectrochimica Acta, Part B, 2012, 74, 137 



Next generation LIBS system for  
underwater solids analysis 
 
Multipulse excitation through fiber optics  



Multipulse excitation in OF 



Iron sample 



Single-pulse vs multi-pulse excitation 

SP-LIBS 

MP-LIBS 

SP-LIBS 

• Pulse duration: 8 ns      

• up to 30 mJ/pulse 

 

MP-LIBS 

• Pulse duration: 21 ns      

• up to 95 mJ/pulse 

 

Fe plate 



Implementation - multipulse excitation using an OF 





Single pulse vs multipulse excitation: experimental results 



Single pulse vs multipulse excitation: experimental results 



Ca in pottery 



Depth 

Fractionation in single pulse LIBS 





Single pulse vs multipulse excitation: experimental results 



Calibration curves for bronces 

 

  Single pulse excitation vs multipulse excitation 



Calibration curves for bronces 

 

  In air vs underwater analysis 



 
Features 

Multipulse excitation 
Optical fiber length - 55 m  
Maximum depth - 50 m 
Power consumption - 2700 W 
Weight - 150 Kg 
Dimensions - 75 x 80 x 110 cm (0.66 m3) 



Builder: Arsenal de Toulon 

Laid down: 1802 

Launched: 1803 

Commissioned: 1804 

In service: 1804-1805 

Out of service: 1805 (wrecked on 23 

October 1805) 

Struck: 23 October 1805 

Captured: 21 October 1805 (Battle 

of Trafalgar) - later re-

captured from the British 

prize crew 

Fate: Wrecked on 23 October 

1805 - CADIZ 

General characteristics 

Class and type: Bucentaure class ship of 

the line 

Displacement: 1 630 tonnes 

Length: • 51 m (167 ft) (gundeck) 

• 59,26 m (overall) 

Beam: 14 m (46 ft) 

Draught: 6 m (20 ft) 

Complement: 840 

Armament: • 80 guns 

• 30 × 36-pounders 

• 32 × 24-pounders 

• 18 × 12-pounders 

• 6 × 36-pounder 

howitzers 

French ship Bucentaure (1803) 
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Inspection of  
Shipwreck of the Bucentaure  



Gun surface 



Gun 



PIECE OF BALLAST 

UNIDENTIFIED PIECE 

GUN PIECE OF COPPER 

PIECE OF LEAD 

Other objects analyzed  underwater (depth - 17 m) 

Inspection of  
Shipwreck of the Bucentaure  



Inspection of the San Pedro de Alcántara - July 2015 
shipwreck - unknown date and origin –  
possibly XVIII century, spanish 
 





Inspection of the San Pedro de Alcántara - July 2015 
shipwreck - unknown date and origin –  
possibly XVIII century, spanish 
 

Gun surface Gun bullet 



Jacket button  Pottery  

fragment 

Hull nail  Shiething 

piece?  

Inspection of the San Pedro de Alcántara - July 2015 
shipwreck - unknown date and origin –  
possibly XVIII century, spanish 
 



Inspection of the shipwreck of San Pedro de 
Alcántara – July 2015 
Sorting model based on discriminant function 
analysis 





MALAGA 

Subsea measurement campaigns 

2012 
2013 2015 



The 2015 team 

scientists 

crew 

archaeologists 

communications 

divers 



Submarine 

LIBS 

Surface LIBS 

team 

LOGISTICS 

Professional 

divers 
Boat, crew, 

facilities 



Submarine 

LIBS 

Surface LIBS 

team 

Professional 

divers 
Boat, crew, 

facilities 

Good weather! 
LOGISTICS 



1064 nm 

Maximun depth with a submersible-probe fiber optics LIBS? 



Metal 

Ceramics, rock, marble 

Wood 

Plasma threshold irradiance  

Fiber length (m) 

FO nominal transmission  

Maximum depth with a submersible-probe fiber optics LIBS analyzer? 

Input irradiance – 4 GW cm-2 
just below the damage threshold of the fiber 

600 microns fiber 



Metal 

Ceramics, rock, marble 

Wood  

Plasma threshold irradiance  

Fiber length (m) 

Maximum depth (m) 

Transmission experimental values 

Maximun depth with fiber optics LIBS 

Input irradiance – 4 GW cm-2 
just below the damage threshold of the fiber 

FO nominal transmission  

600 microns fiber 



Underwater standoff LIBS 

 

Motivation 

► Reach deeper waters 

► Increase the laser energy at 

sample 

► Provide sampling flexibility 

A study of underwater stand-off laser-induced breakdown spectroscopy for chemical analysis of 

objects in the deep ocean, F.J. Fortes, S. Guirado, A. Metzinger, J.J. Laserna 

Journal of Analytical Atomic Spectrometry, 30 (2015) 1050 



Laboratory proof of concept: dual-pulse excitation 

 

Working parameters 

Dual-pulse excitation 200 mJ + 200 mJ 

Laser wavelength - 532 nm 

Solid-water interface 

Underwater optical path up to 80 cm 

 

Al plate 



Attenuation of laser beam @ 532 nm 



Underwater optical path - 80 cm 

 

Integration delay – 10 µs 

Interpulse delay 

Dual-pulse excitation (200 mJ + 200 mJ) 

Aluminum plate 



Peak width vs interpulse delay Intensity vs interpulse delay 



Effect of water temperature 

on LIBS intensity 



Infuence of path length on the LIBS signal 





Analysis of ship hull sheathings 



Underwater optical path - 80 cm 

 

Analysis of ship hull sheathings 

Spanish ship hull sheathing         



Underwater optical path - 80 cm 

 

French ship  
Early 19th Century 

Spanish ship 
Late 19th Century 

Italian (?) ship 
Unknown date 





Shadowgraphy images from bulk water  

20 ns pulse 

150 ns pulse 



Volume of cavity generated after irradiation of a 20 and a 150 ns 

single pulse in a bulk liquid at 0.1, 10, 20 and 30 MPa. 

 



Spectroscopic measurements of ionic solutions  
containing 410 ppm Ca  

 (a) a 20 ns pulse, and (b) a 150 ns pulse, and 370 ppm K using (c) a 20 ns pulse, and (d) a 150 ns pulse, at pressures of 0.1, 10, 20, 

and 30 MPa respectively. A gate de... 



Ca 

K 

Peak width and intensity vs pressure 









Single shot spectra 

 

20 mJ pulse 

Duration 250 ns  

Gate delay of 800 ns 

Gate width of 500 ns 

Spectra at variable depth 

Brass plate 

Chimney 

deposit 



Spectra at depth of 1032 m 



Conclusions 

• LIBS is available for chemical analysis of subsea objects  

 

• Qualitative and quantitative spectral information is used  

in the same way than in regular lab applications  

 

• A single laser working either in monopulse  

or multipulse excitation constitutes  

a practical solution to these measurements 

 

• Laser beam delivery through an  

optical fiber imposses a limit  

to the energy available for sample excitation 

 

• Long pulses of 100+ ns produce quality 

LIBS spectra compatible with deep sea 

applications   
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