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Underwater cultural heritage entails complex conservation 
problems. Particularly, metallic artefacts under aerobic marine 
conditions suffer from severe corrosion that produces thick patinas, 
in addition to the deposition of concretions of the seabed. The 
nature of these degradation layers depends on several factors: the 
original composition of the metallic alloys, along with the minor 
elements and traces, the metallurgical processes for obtaining 
metals and manufacturing and the environmental conditions on the 
seabed [1]. As a consequence, the conservation and study of these 
metal objects are challenging.

This work presents a comparative investigation using two non­
invasive elemental analytical techniques, laser­induced breakdown 
spectroscopy (LIBS) [2] and X­ray fluorescence (XRF) [3], for 
chemical characterization of underwater corroded metals.

In this case study, the considered pieces were selected from the 
treasure of the Spanish frigate “Nuestra Señora de las Mercedes”, a 
ship loaded with funds and products from the Viceroyalty of Peru 
and sank by the British Army in 1804 off the coast of Algarve in 
Portugal. In 2007 the treasure was plundered by the commercial 
company Odyssey Marine Exploration, but after a legal battle in a 
US court it was recovered by the Spanish State [4]. The pieces are 
six coins (“reales de a ocho”) made of 925 sterling silver, belonging 
to two different Spanish­American mints, Potosí and Lima, and 
produced between the years 1797 and 1804.   

LIBS analyses were carried out in air under nanosecond laser 
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excitation at 266 nm and XRF studies were performed in the same 
areas explored by LIBS, using an  X­ray tube with rhodium anode 
and peak voltage of 50 kV. 

The comparison of the obtained results indicates that, while XRF 
is effective in characterizing the main corrosion products of the 
surface of the coins, such as  silver chloride and bromide, copper 
chlorides and carbonates, LIBS analysis allows to identify the 
original composition of the metallic core, including minor elements 
as Ni, Hg and Co, regardless of the patina components. Therefore, 
the complementarity of both techniques is demonstrated: XRF helps 
to answer inquiries associated to the conservation and restoration of 
the metallic pieces and LIBS can solve questions about their core 
composition and metallurgical techniques.
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