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FIRST COMPILATION MAP OF “ENERGY-CRITICAL 
ELEMENTS” IN PAN-EUROPEAN SEAS: 
FERROMANGANESE DEPOSITS 

The term “energy-critical elements” (ECEs) was created by a joint committee of the American Physical 

Society and Materials Research Society assembled in 2009 to investigate the material resources available to 

support emerging energy technologies1. Security of mineral supply has been identified by the European 

Commission as a priority challenge facing the raw materials sector. The 2017 list of Critical Raw 

Materials (CRM) now reflects societies growing demand for an ever-increasing number and quantity of 

elements and minerals that supply the green energy and technology markets2.  

 

Seafloor mineral deposits represent the most important yet least explored resource of critical elements and 

base metals on the planet, crucial for low-carbon energy production and new technologies. MINDeSEA is 

investigating, generating and compiling data and metallogenic models on the occurrence of strategic and 

critical metals based on seafloor massive sulphides, ferromanganese crusts, phosphorites, polymetallic 

nodules and marine placer deposits, potential future resources for a wide variety of elements. The objective 

is to provide a better and more accurate basis for future exploration and exploitation, as well as sea-use 

management, and to provide high quality marine mineral intelligence data to the European data portals.  

 

Polymetallic nodules rich in manganese, copper and nickel (Fig. 1); crusts rich in cobalt, tellurium, rare 

earth elements and platinum group elements (Fig. 2) makes these seafloor mineral deposits particularly 

interesting to both science and society. The current map provides a first pan-European compilation of 

data on the occurrence of submarine cobalt- and lithium-rich ferromanganese deposits (Fig. 3). The map 

shows the resource potential for these “energy-critical elements” in nodules and crusts. The compilation of 

data on ferromanganese deposits consists of the following MINDeSEA partners with responsibilities for 

WP4 and WP6: IGME (Spain); LNEG (Portugal); BGR (Germany); GIU (Ukraine); SGU (Sweden); IGEO 

(Spain); IPMA (Portugal); USGS (USA) and VNIIO (Russia), and they started by doing a first screening of 

occurrences in the different marine areas designated. The Table 1 shows the distribution of occurrences in 

the European marine regions for both commodities. 

 

Cobalt is a transition metal with application for batteries, supper-alloys and to produce cobalt-based blue 

pigments. Cobalt is found in the Earth's crust only in chemically combined form and is obtained as by- 

product in nickel, silver, lead and copper ores. The Democratic Republic of the Congo is the biggest 

producer in the copper belt area. In the European seas, cobalt occurs in ferromanganese crusts (up to 1%wt.) 

sequestered into the structure of iron-manganese oxy-hydroxides (Fig. 2) as well as large amounts of other 

minor elements like nickel or vanadium. Numerous deposits of cobalt-rich ferromanganese crusts have 

been discovered and mapped, in seamounts and ridges the Macaronesia area (Portugal and Spain) (Fig. 3). 

 

 



 Tellurium, obtained as by-product of copper and lead refining to produce thin low-cost solar panels, is a 

potential resource in cobalt-rich ferromanganese crusts from the Canary Islands, especially in Tropic 

Seamount, where a very large deposit was announced in 2017 (2,600 tonnes of Tellurium metal). The 

Norwegian Sea, Barents Sea, Artic Ocean, Iberian margins and West Mediterranean Sea show other 

potential deposits and occurrences for cobalt-rich ferromanganese crusts (Fig. 3). In addition, cobalt is 

enriched in some polymetallic nodule fields like in Galicia Bank and Cantabria Knoll (NW Spain) and the 

Thyrrenian Sea. For mapping cobalt-rich nodules and crusts mineralization in pan-European seas (Fig. 3) 

two categories have been stablished: deposits (Co average content >500 g/t and potential resources >200Mt) 

and occurrences (Co average content <500 g/t and no up-to-date information about resources potential).  
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Lithium is soft alkali metal used in modern batteries. In nature is forming part of silicate minerals like 

pegmatite lepidolite and spodumene as well as in brines. It is extracted today from saline deposits forming 

“salars” in North and South America (eg., Chile, Bolivia, and Brazil). In the European seas, lithium occurs 

essentially in polymetallic nodules (up to 200g/t) sequestered into the structure of manganese oxy- 

hydroxides as well as large amounts of other minor elements like copper or nickel. The contents of lithium 

in ferromanganese crusts usually are less than 35g/t. The Baltic Sea, Barents Sea, Kara Sea, Iberian 

margins, the Thyrrenian Sea and the Black Sea (Fig. 3) have the higher potential for Li-rich occurrences 

in polymetallic nodule fields. For mapping lithium-rich mineralization in pan-European seas (Fig. 1) just 

one category has been stablished as occurrences (Li2O average content <660 g/t and potential resources 

<5,000Mt). 
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Figure 1. A) Underwater image showing polymetallic nodules field, Tropic Seamount (Canary Islands, Central 
East Atlantic Ocean). Photo: ROV ISIS 6000, NOC. B and C) Spherical small Fe-Mn nodules, sections and 
Electron Probe Micro Analyzer mapping distribution of manganese in a nodule from the Gulf of Cadiz (Gulf of 
Cádiz, NE Atlantic Ocean). Cool colors indicate low contents, warm colors indicate high contents of manganese. 
Photos: IGME.



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Future work and challenges 

Future work will have four major challenges: 

1. Only a minority of the EU35 countries are partners in MINDeSEA, a complete overview of the 

energy-critical elements in European seas is not possible without data as large part of EU coastal States as 

possible. 

2. The map of “energy-critical elements” will be continuously updated with new data and additional 

information on REEs, tellurium and other critical raw materials on seabed deposits. The WP leads look 

forward to co-operate with everybody both internal and external people and institutions. 

3. The maps and datasets produced by MINDeSEA for strategic and critical raw materials in pan-European 

seas will be shared in the FRAME project-WP3: “Critical and Strategic Raw Materials Map of Europe” and 

the EMODnet-Geology project-WP7: “Mineral Occurrences”. 

4. It will be important to integrate the data that has been collected in to a common information platform 

for GeoERA. 

 

More information about the GeoERA Program and project MINDeSEA at: 

https://geoeramindesea.wixsite.com/mindesea  

http://geoera.eu/ 
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Figure 2. A) Cobalt-rich ferromanganese crust recovered on Echo Seamount, Canary Island Seamount Province 
(Central East Atlantic). Photo: IGME. B and C) Electron Probe Micro Analyzer mapping distribution of 
manganese (left) and cobalt (right) in a ferromanganese crust from the Canary Islands. Cool colors indicate low 
contents, warm colors indicate high contents of these elements. Photos: IGME-BRG.



DECEMBER  2018 ISSUE 2

Figure 3. Distribution of occurrences of Cobalt and Lithium in pan-European seas: ferromanganese deposits, 
status per 20.12.2018. Extended Continental Shelfs are presented in the map as submissions to the CLCS 
(Commission on the Limits of the Continental Shelf, United Nations).

Table 1. The data is grouped according to marine regions-subregions and commodity. 
http://marine.discomap.eea.europa.eu/arcgis/rest/services/Marine/Marine_regions_subregions_v1/MapServer   
 



CONFERENCES AND MEETINGS
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MINDeSEA UPDATES

MINDeSEA Project was presented at the Underwater Mining Conference that took place in Bergen 

(Norway) September 10 through 14, 2018. The project generated much interest amongst the representatives in 

attendance, which brings together world leaders from government, academia and industry to exchange 

information and ideas on underwater mining. The Conference was an exciting forum for presentations from 

key players in deep sea mining prospective activities such as researchers, ISA nation contractors, sub-sea 

technology partners, and other sectors of timely interest in marine minerals.  

 

Research activities of MINDeSEA exploring, mapping and investigating seafloor mineral deposits and 

critical metals in the Macaronesia region were presented at the Marine Minerals Conference 2018 in 

London, from the 31st October to the 1st of November. Research, commercial and technical developments 

regarding shallow water and deep-sea minerals, deep-sea mining and metallurgical processing of marine 

mineral resources have been dealt with world experts at the Geological Society London. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The MINDeSEA Consortium have been represented and attending other different international and national 

meetings in 2018 like the Thessaloniki Exhibition Fair (Greece), the Raw Materials Week (Brussels, 

Belgium), the Naval Week (Madrid, Spain), the Esri España 2018 Conference (Madrid, Spain) and AGU Fall 

Meeting (Washington, USA). The main interesting news coming from AGU is the focus on the UN decade of 

the ocean 2021-2030 and NOOAs activities on Atlantic mapping, starting out from Azores Islands and their 

hydrothermal systems in summer 2019. Participation is made possible via: 

https://oceanexplorer.noaa.gov/okeanos/collaboration-tools/shore-based.html   

 

The MINDeSEA Project updates has been presented at the Eurogeosurveys Marine Geology Expert Group 

Meeting Shëngjin (Albania), 24th September 2018 and the Mineral Resources Expert Group Meeting Rome 

(Italy), 27-29 November 2018. 

 

 

 

MINDeSEA talks by Javier González (IGME-Spain) at UMC 2018 (left) and Egidio Marino (IGEO-IGME) at 
Marine Minerals Conference 2018 (right).  
 



DISSEMINATION ACTIVITIES
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MINDeSEA UPDATES

The objectives of the MINDeSEA project, associated to their importance, in the near future, concerning the 

scientific knowledge of the various submarine mineral resources for a sustainable development of the 

human society, but always taking in consideration the environmental preservation, has been divulgated by 

LNEG in some of the Portuguese secondary schools, around Lisbon, through four oral presentations, based 

on power-point slide shows. A new reality where some of the mineral resources on land are already in an 

extinction path and the need for the discovering of new mineral resources in the oceans seafloor is crucial, 

constitutes a “story” that must be told to this youngest generation, which will dwell with this reality.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

A seminar on seabed mineral resources organized by IGME-Spain was celebrated on 19th of November at 

the Faculty of Marine Sciences, University of Las Palmas (Canary Islands, Spain). 

 

IGME-Greece held an Information Day "Documentation of geothematic information in critical areas: 

cities, palaeo-coastlines, landslide sites, volcanic centres” at the Ministry of Environment and Energy in 

Athens, on 6th December 2018. Our partners presented an Introduction to GeoERA Raw Materials Theme 

and specific mention to all 4 projects (EuroLithos, MINDeSEA, FRAME, Mintell4EU). 

 

 

 

 

 

Pedro Ferreira from LNEG-Portugal presenting our activities in seafloor exploration to the secondary school 
students (left). On the right poster presentation by Irene Zananiri (IGME-Greece) of GeoERA-Raw Materials at 
the Greek Ministry of Environment and Energy.  
 



NEW PUBLICATIONS AND WEBSITE
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MINDeSEA UPDATES

The MINDeSEA consortium members have launched a number of new  publications in the journal 

“Minerals”, two in the Special Issue "Marine Minerals of the Deep Sea: Mineralogy, Crystallography and 

Their Use for Tailored Processing and Metal Extraction" are about the processing of polymetallic 

nodules;  and two in the Special Issue "Deep-Sea Minerals and Gas Hydrates" about high-resolution 

analysis of critical metals on cobalt-rich ferromanganese crusts in Macaronesia and the Arctic Ocean: 

Report of critical metals in the Canary Island Seamount Province (left) and Egidio Marino presenting his 
research during the PhDay 2018 (right).  
 

REPORTING ON CRITICAL METALS

IGME-Spain has reported in November 2018 to the Spanish Ministry of Science, Innovation and Universities 

on cobalt, tellurium and other critical metals in the Canary Island Seamount Province. 

PRIZE

Egidio Marino, PhD Student at IGME-Spain and IGEO, was the winer of the second prize in the PhDay 

2018, celebrated at the Complutense University of Madrid on 26 November, for his poster presentation: “Las 

costras de hierro-manganeso de los márgenes continentales de España: recursos minerales y fuente de 

elementos estratégicos“. https://edoctorado.ucm.es/2-jornada-phday-complutense 

MINDeSEA dedicated website: https://geoeramindesea.wixsite.com/mindesea was created in October 2018. 

- “Zero-Waste”: A Sustainable Approach on Pyrometallurgical Processing of Manganese Nodule Slags 

- Thermal Pre-Treatment of Polymetallic Nodules to Create Metal (Ni, Cu, Co)-Rich Individual Particles for 

Further Processing 

- High-Resolution Analysis of Critical Minerals and Elements in Fe–Mn Crusts from the Canary Island 

Seamount Province (Atlantic Ocean) 

- Mineral Phase-Element Associations Based on Sequential Leaching of Ferromanganese Crusts, Amerasia 

Basin Arctic Ocean 

https://www.mdpi.com/journal/minerals
https://geoeramindesea.wixsite.com/mindesea
https://www.mdpi.com/2075-163X/8/12/544
https://www.mdpi.com/2075-163X/8/11/523
https://www.mdpi.com/2075-163X/8/7/285
https://www.mdpi.com/2075-163X/8/10/460
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NEWS AND EVENTS

The EGU General Assembly 2019, taking place in Vienna (Austria) on 7–12 April 2019, will bring together 

geoscientists from all over the world to one meeting covering all disciplines of the Earth, planetary, and 

space sciences.  

- EGU 2019 session OS4.8, co-sponsored by EMSOOS4.8: Using and acquiring monitoring data to 

enhance the knowledge of key oceanic processes and their interactions. 

- EGU 2019 Session: Oceanic and continental transform faults: towards a multi-disciplinary approach 

Follow us on Twitter @MINDeSEA 

The digital Newsletter is also avaliable in our website   

 

Our next newsletter is scheduled for August 2019, 

SO GET IN ALL YOUR NEWS AND VIEWS, SIGNIFICANT PUBLICATIONS, CRUISE SUMMARIES, 

CONFERENCES, etc. submitted to Coordinator Javier Gonzalez for inclusion (fj.gonzalez@igme.es) 

Goldschmidt is the foremost annual, international conference on geochemistry and related subjects, 

organised by the European Association of Geochemistry and the Geochemical Society. 

- Session 04c: Impacts of Micro and Nanoscale Processes on Continental and Oceanic Mineral Deposits 

- Session 05m: Critical Raw Materials Based on Marine Minerals: New Frontiers and Challenges

Invitation to join the IR Working Group on seamounts and volcanic islands

The International Seabed Authority Releases Stakeholder Submissions to Draft Exploitation Regulations 

The Secretariat of the International Seabed Authority has released the submissions from member States and 

other stakeholders to the “Draft regulations on exploitation of mineral resources in the Area” 

(ISBA/24/LTC/WP.1/Rev.1) 

Global Seamounts Project - Call for participation

https://www.egu2019.eu/
https://goldschmidt.info/2019/
https://www.interridge.org/node/17719
http://www.interridge.org/
https://www.isa.org.jm/
https://www.isa.org.jm/news/international-seabed-authority-releases-stakeholder-submissions-draft-exploitation-0
https://www.interridge.org/node/17799
https://geoeramindesea.wixsite.com/mindesea
https://twitter.com/MINDeSEA

