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Underwater deposit types

▪ Flooded mines on land
▪ Flooded open pits (VAMOS)

▪ Flooded underground mines (UNEXMIN-UNEXUP/Robominers)

▪ Off shore deposits
▪ Near shore deposits on the continental platform

▪ Deep sea deposits

▪ For detailed exploration and mining all the different types facing similar 
difficulties with some differences
▪ Needs surface and drilling (access to the material), and material characterisation (can be „in-situ”)

▪ For production control: few key parameters of the mined material need to be monitored „continouously”



Deep sea ore deposit types
▪ Polymetallic nodules
▪ Co-rich Fe-Mn crusts
▪ SMS / VMS / SedEx

▪ Black smokers (chimneys)

▪ Sulphide muds

▪ Solidified, buried old deposits



Polymetallic nodules
▪ Mn-nodule potential areas are pink, blue: EEZ, 

red dots: >0.5% Co-content
▪ Depth: 3000 – 6000 m

▪ Economic interest: 4000 – 5000 m

▪ Thickness: 15 – 75 kg/m2 (wet)

▪ Potential area: 38 M km2 (19% EEZ)

▪ Simple mineralogy: vernardite, todorokite, 
birnessite, non.crystalline Fe-oxyhyrdoxies



Co-rich ferromanganese crusts
▪ Depth: 400 – 7000 m

▪ Economic interest: 800 – 2500 m

▪ Thickness: 1 – 260 mm

▪ Potential area: 1.7 M km2 (54% 
EEZ)

▪ Simple mineralogy: vernardite, 
non-crystalline Fe-oxyhyrdoxies

▪ Mn-crust potential areas are pink, blue: EEZ, red dots: >0.5% Co-content



Seafloor Massive Sulphide deposits 1.

▪ Depth: 2000 – 3000 m 
economic depth

▪ Potential area: 3.2 M km2 

(42% EEZ)
▪ Many unknown volcanic-

arc-related systems
▪ 1000 – 5000 large sulphide deposits 

estimated
▪ Increasing number, but usually small 

in size
▪ Solid, or metal bearing muds

Spreading rate from blue (<20mm/y) to red (>140mm/y), hydrothermal systems are 
triangles (red: >5% Cu, or > 15% Zn, or  >5 ppm Au, large symbols: > 1 Mt)



Seafloor Massive Sulphide deposits 2.

▪ Geochemical data: 142 sites but only from 34 is >54 
samples almost only from surface, only few deposits 
drilled scientifically

▪ Chemical composition is highly variable

▪ Mineralogy is complex: pyrite, chalcopyrite, pyrrhotite, 
sphalerite, galena, sulphates, silicates, gold, silver



Seafloor Massive Sulphide deposits 3.

▪ Commonly only surface samples, qualitative 
assessment only for two locations (Solwara 1 and 12, 
Papua New Guinea)

▪ Number of SMS deposits were drilled by small 
lander-type drilling platform, which provide 
important chemical information for the upper few 
metres, but insufficient for resources estimates

▪ Most size estimates based on visual estimates, and 
not drilling



Seafloor Massive Sulphide deposits 4.

▪ Current mining scenarios for multi-year mining 
of SMS require     ca. 2 Mt / year production, 
however only few are reaching 2 Mt total size

▪ Ca. 10 is sufficient size out of 340 known deposits, 
maybe integration of some smaller deposits can 
also be viable

▪ Exploration of SMS based on geochemical 
anomalies of the hydrothermal plumes in water 
column and geophysical recognition of the 
deposits or the altered rocks (only recent → small 
deposits)

▪ Could be buried deposits far from active regions
▪ Old → large deposits need new exploration 

technologies!!



Characteristics of deep sea mineral resources
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Professional codes of practice
▪ CRIRSCO: Committee for Mineral Reserves 

International Reporting Standards
▪ JORC: Australasian Code for Reporting of 

Exploration Results, Mineral Resources 
and Ore Reserves

▪ Other standards…

▪ Accepted analytical methods in accredited laboratories

▪ In sea only Nautilus (JORC)



Where to do „in-situ” characterization in the value chain



Solutions for exploration and exploitation

▪ Short term solution:
▪ Sampling on site, analysis at the laboratory (ship, or land)

▪ Long term solution:
▪ „in-situ” analysis underwater

▪ (partially by technical challenges, more about legalisation…)

▪ Different groups of analytics:
▪ Water-analytical methods

▪ Geophysical methods

▪ Geochemical-, mineralogical-, phase identification methods of the rocks



Water chemistry methods
▪ ROV or AUV:

▪ Water sampling
▪ On-board analysis
▪ Finding only recent, 

active SMS sites



Geophysical methods
▪ Difference in targeting and detailed exploration
▪ Geophysics from the surface

▪ „Traditional technology” but resolution is usually not satisfactory

▪ Geophysics on (close to) the bottom
▪ Geophysics at the rock surface, in the drill holes

▪ Analogues to petroleum industry, but different target different drilling 
fluid, different geometry

Bathymetry of a mud volcano in 1000 m deep water

Ship-based AUV



Sampling, Drilling
▪ Grab samples from the surface

▪ Below the surface → drilling

▪ Soft, muddy sediment or solidified hard rock

▪ Drilling: from ship, from bottom operated rig
Drill grid for early exploration and pre-mining phases for SMS

Solwara 1:

2006: 42 holes with 41% recovery (poor)

2007: 111 holes with 70% → enough for resource estimation
Bauer drill rig

Furgo Seacore drilling vessel



„In-situ” analytical methods
▪ What to measure:

▪ Main element 
content

▪ Trace element 
content
▪ Many low concentration 

commodities, by-products

▪ Phase identification
▪ Texture

▪ Difficulties with „in-situ” 
analysis in the deep sea:

▪ Shielding effect of the 
water
▪ Excitation side
▪ Detection side

▪ Solutions for withstanding 
the high pressure
▪ Shielding of the high 

pressure windows

▪ Two big groups of possible 
methods:

▪ Spectroscopy methods using EM 
radiation

▪ Identification of the crystal 
structure (e.g. diffraction)

▪ Can be combined with:

▪ Physical parameters: eg. density…

▪ Geophysics



Limitation in the Electromagnetic spectrum and the use of EM methods

▪ X-ray methods

▪ Nuclear methods

Shielding of 1 mm water

Shielding of 1 m water

▪ Optical spectroscopy methods (300 – 1000 nm)
▪ Multi-, Hyper-spectral imaging (UNEXMIN/UNEXUP)

▪ UV-fluorescence imaging (can be spectroscopy)

▪ Raman-spectroscopy

▪ LIBS (laser induced breakdown spectroscopy)



▪ Main element content:

▪ XRF spectroscopy

▪ Nuclear methods

▪ UV-fluorescence

▪ LIBS (laser induced 
breakdown spectroscopy)

▪ Trace element 
content:

▪ LIBS (laser induced 
breakdown 
spectroscopy)

▪ XRF spectroscopy

▪ Nuclear methods

▪ Phase 
identification:

▪ Raman-
spectroscopy

▪ Optical methods 
(300 – 1000 nm)

▪ UV-fluorescence

▪ Texture:

▪ Optical methods 
(300 – 1000 nm)
▪ Spectroscopy
▪ White light imaging

▪ UV-fluorescence

▪ Raman-spectroscopy

„In-situ” analytical methods

▪ Conclusion:
▪ Few different methods with certain limitations can be used to answer the questions

▪ What is a good solution is strongly depends on the certain deposit type, location and task

▪ Research, Development and Innovation (RDI) is needed!!!



Thank you for your attention!


