




Manganese nodules 
•  Form on the vast deep-

water abyssal plains 

Ferromanganese crusts 
•  Form on 50,000 seamounts 



•  Form on sediment-
covered abyssal plains 
(4,000-6,500 meters 
water depths) 

•  Composed of 
manganese-iron oxides, 
with significant amounts 
of nickel & copper 

•  Form by precipitation 
from cold ambient 
bottom water & from 
sediment pore fluids 



  Slow rates of sedimentation 

  Availability of material for nuclei 

 Mechanism for turning 
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•  Circulation that traps larvae and diminishes 
spread to other seamounts 

•  Abbreviated larval stage that remains near 
bottom 

•  Varying ages and stability of volcanoes 

•  Varying environmental conditions 









* These properties are 
instrumental in 
allowing for surface 
adsorption of large 
quantities of metals 
from seawater!

  Very high porosity (60%) 

  Extremely high specific surface 
area (mean 325 m2/g) 

  Incredibly slow rates  
    of growth (1-5 mm/Ma) 



Crusts in the Global Ocean 

















 “Finding enough Te for CdTe is the largest 
barrier to the multi-terawatt use of CdTe 
for solar-cell electricity. It is widely 
regarded as the lowest cost photovoltaic 
technology with the greatest potential. 
This is important to the US and the world”  

                              (Ken Zweibel, National Renewable Energy Laboratory) 



Te 9 Steel, Cu, & Pb alloys, 
pigment 

Photovoltaic solar cells; computer 
chips; thermal cooling devices 

Co 4 Steel superalloys (e.g. jet 
engines), batteries, chemical 
applications 

Hybrid & electric car batteries, 
storage of solar energy, magnetic 
recording media, high-T super-alloys, 
supermagnets, cell phones 

Bi 6 Metallurical additives, fusible 
alloys, pharmaceuticals & 
chemicals 

Liquid Pb-Bi coolant for nuclear 
reactors; Bi-metal polymer bullets, 
high-T superconduct, computer chips 

W 3 Wear-resistent materials, 
superalloys, electrical, 
chemicals 

Negative thermal expansion devices, 
high-T superalloys, X-ray photo 
imaging 

Nb 18 Steel & superalloys  High-T superalloys, next generation 
capacitors, superconducting 
resonators 

Pt 7 Catalytic converters, liquid-
crystal & flat-panel displays, 
jewelry, electronics,  

Hydrogen fuel cells, chemical 
sensors, cancer drugs, electronics 






