




Historical Marine Mining Activities 

•  Oil and gas production 

•  Placer near-shore deposits: Sn, Ti, Au, Zr, REEs 

•  Placer diamond mining: Namibia, S. Africa 

•  Sand, Gravel, and Limestone (Reef) Mining (aggregate): 
     UK and Japan 

                  Future Energy 

•  Gas Hydrates (Methane) Production 















Petroleum (oil and gas) is a hydrocarbon 
derived from heating of organic matter in 
sedimentary rocks that were deposited in 
productive regions with anoxic or low-
oxygen bottom waters 

1.  Deep burial resulting in high temperature and 
moderate pressure converted the organic 
remains into hydrocarbons 

          - Initially get oil (liquid window) but at higher 
temperatures and pressures, methane (CH4) and 
other natural gases are generated; and at lower 

      temperatures tar is produced 

Oil and Gas Production Example  



2. Pressure forces 
the oil and gas from 
the source rock into 
water-filled porous 
and permeable 
strata above = the  
reservoir rock. 

3. Because oil and 
gas are less dense 
than water, they 
migrate up until 
their path was 
blocked by an 
impermeable layer. 
4. Oil and gas accumulate, forming a large deposit within 
the pores of the rock, usually sandstone. 



5. Only in the last 45 years 
has technology been able to 
efficiently extract petroleum 
from beneath the seas 

6. Location of possible 
accumulations of oil and gas 
can be determined using 
seismic reflection and 
refraction methods to 
determine the configuration 
of rock layers. 

6. Advances in drilling 
technology have allowed oil 
companies to explore in 
deeper offshore 
environments, 2000 m 



Issues with Oil and Gas Production 

•  Petroleum Resources are not unlimited--
reliance of global economy on petroleum 
production is not a sound way forward and 
has significant environmental 
consequences. 

•  Frequent Oil spills from tankers and 
platforms damage marine and coastal 
ecosystems and other coastal resources 





Stability and phase  
boundaries of gas hydrates 
superimposed on depth-T 
distribution (red) in ocean & 
upper sediment column. 
Phase boundary of pure 
methane hydrate in SW
(green), the phase boundary 
with 3 mol-% H2S in SW, 
(blue), and phase boundary 
of pure methane hydrate in 5 
times SW salinity (yellow).  
Intersection of temperature 
profiles with phase 
boundaries define stability 
zone (HSZ) and the BSR for 
each of the 3 hydrate 
compositions  





The bottom-simulating reflector is an isothermal 
boundary, the lower boundary 

of the gas hydrate, under which occurs free gas 



(From Kvenvolden and Lorenson, 2010) 



Other Technologies for Marine Resarch 
Updates on old ideas 

• Re-Visiting Mining System Components 
• Upgrades to Historic Technology 
• Ideas From Other Industries’ Progress 
• Deposit-Specific Designs 
• R.V. Natushima and ROV Hyper-Dolphin 
• Nautilus Missions 
• New Data Analysis Techniques 
• Deep-ocean drilling (DSDP, ODP, IODP) 



•  Ore Extraction Methods 
–  Bottom-crawling vehicle 
–  Articulated cutters 
–  Water-jet stripping 
–  Sonic fragmentation 
–  Continuous-line bucket 
–  In-situ leaching 

•  Operations 
–  Fragmentation 
–  Crushing 
–  Lifting 
–  Pick-up 
–  Separation 

•  Ore Dressing Methods 
–  Froth flotation 
–  Magnetic separation 
–  Gravity concentration 
–  Vibration table 
–  Color intensity separation 

•  Extractive Metallurgy 

Revisiting Mining System Components 



Deposit-Specific Designs 



Deposit-Specific Designs 



























New Data Analysis Techniques 



Admittence requires lengthy training 
in radiation safety 



High Energy Beam Line 11-2 Hutch 



High Energy Beam Line 11-2 





XANES and EXAFS Spectral of Molybdenum 



XANES and EXAFS Spectral of Titanium; BL 4-3 











3-5 million tonnes 

















Mn Fe 

Zn Ba Cr Cu Mo Ni 

Si 



(a) Mixed hydrogenetic/ 
hydrothermal Fe-Mn 
crust 

(b) Mn-oxide cemented sand-
stone w/ Mn-oxide 
stringers 

(c) Stratabound Mn-oxide 
bed  

(d) Breccia with Mn-oxide 
veins, vug fill, and 
cement 

(e) Mn-oxide cobble formed 
  in red Fe-oxide mud  

(f) Layered Mn-oxide bed 
with high zinc 

















Mariana Volcanic Arc 
June 2009, a new 
type of 
hydrothermal Mn 
found at East 
Diamante 
seamount 
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