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Rationale 

• Ocean floor hydrothermal vent sites, with the associated formation of 
massive sulfide deposits: 

– play a fundamental role in the geochemical evolution of the Earth and Oceans,  

– are a key location of heat loss from the Earth’s interior  

– provide insights into the formation of ancient volcanogenic massive sulfides.  

• Furthermore, they are increasingly viewed as attractive sites for the 
commercial extraction of base metals and gold. 

• In addition Mn-Co nodules and crusts are increasing recognised as 
potentially attractive environments for Mn and Cobalt extraction  
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Source: Hannington et al 2011 
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Leg 169 Middle Valley 

Source: Mid-Ocean Ridges: Hydrothermal Interactions Between the Lithosphere and Oceans, Geophysical 

Monograph Series 148, C.R. German, J. Lin, and L.M. Parson (eds.), 245–266 (2004)  

Copyright ©2004 by the American Geophysical Union.  

Leg 193 Pacmanus 

Leg 158 TAG 
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Steve Roberts (NOCS) 

Some Key Observations:  

 
Circa 2.5-3 Million Tonnes of Massive Sulphide 

 

Abundance of anhydrite. Estimate, based on the 

drilling results, that the TAG mound currently 

contains about 165,000 metric tons of anhydrite.  

 

Through stable and radiogenic isotope analyses of 

anhydrite insights into circulation of seawater 

within the deposit.  

 

This important mechanism for the formation of 

breccias provides a new explanation for the origin 

of similar breccia ores observed in ancient massive 

sulfide deposits. 
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87Sr/86Sr isotope analyses 

of anhydrite provides 

evidence for seawater 

hydrothermal fluid mixing 

in the sulfide mound. 

Source: Teagle & Mills 1996. 

The construction of the TAG mound is 

interpreted to be substantially a 

process of hydrothermal replacement 

and mineralization in the upflow zone, 

coupled with mass wasting, brecciation 

and cementation of material that was 

precipitated on the sea-floor. 

 
Humphris et al. Nature, 1995. 
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One of the main accomplishments 

of leg 169 was the first successful 

recovery  of feeder zone 

mineralization underlying a sea-

floor massive sulfide deposit. 

Zierenberg et al. Nature 1998 

Source of hydrothermal fluids: 

Sulfide metal ratios, Pb and Sr data 

suggest that the high T hydrothermal 

fluid reacted extensively with 

basaltic crust. 

Sr isotope ratios indicate Sr of sea-water origin was modified by mixing with radiogenic 

Sr, mostly from seawater.  
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(From Goodfellow et al., 1999)  

A key element in creating massive sulfide 

deposits as large as those drilled in Middle 

Valley is the extended focusing of intense 

hydrothermal discharge 

Focusing of hydrothermal fluids along rift 

parallel extension faults.  

Sulfide deposition, quenching of 

hydrothermal fluids in chimney structures. 
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The cruise strategy was to drill as 

deeply as possible at sites of 

hydrothermal activity including two 

along the crest of the Paul Ridge 

representing outflow zones 

characterized by low-temperature 

diffuse venting (Site 1188a,f) and high-

temperature focused venting, 

respectively (Site 1189a,b).  

Hydrothermal sites located on rifted 

arc crust. Circa 1 Million Tonnes at 7% 

Cu and 5g/t gold – 860 Million Dollar 

Ore Body (Source Nautilus Minerals) 
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Shots from the Drill 
Camera 



13 Variably Altered Volcanics 
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1188A_133 
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Leg 193  PACMANUS 
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Schematic Model of Fluid Flow and  
Mineralization of  The Pual Ridge 



http://gsc.nrcan.gc.ca/mindep/synth_dep/vms/index_e.php
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Wetar  Island 
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Open Pit - Alteration 
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Wetar Island preserves massive sulfides 

(Py+Cpy) with a later fracture fill “High 

Sulfidation Assemblage”  and associated 

barite sand deposits. 

 

These systems formed at or near the sea-

floor at around 2km water depth associated 

with extensional fault structures and miocene 

magmatism. 

 

Mineralogical, fluid and isotopic data suggest 

a sea-water dominated hydrothermal fluid 

with the barite sands and gold linked to 

“white smoker” vents marginal to the main 

sulfide structures. 
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Towards the Arc 
Furthermore, during the lifetime of ODP, the 

recognition of massive sulfides associated 

with submarine arc volcanoes e.g. Brothers 

Volcano, Conical Seamount, provide 

examples of massive sulfide formation 

where the “3rd dimension” remains 

untested, yet such sites are presently the 

focus of scientific research and potential 

exploitation as a mineral resource. Indeed, 

these locations may provide the key 

evidence to resolve the open question of 

the the role of magmatic contributions to the 

metal budgets of volcanogenic massive 

sulfide deposits. 
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Sea-floor mining – a 
realistic prospect 2010/14  

Aim listed companies  Nautilus Minerals – backed 

by Anglo and (BHP Minerals), (Neptune Minerals -

backed by  Newmont – liquidated 2011).  
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(Source Nautilus Minerals) 
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Source: Nautilus Minerals 



27 Source: Nautilus Minerals 
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http://www.tandfonline.com/na101/home/literatum/publisher/tandf/journals/content/umgt20/2010/umgt20.v028.i03/10641190903521717/production/images/large/umgt_a_452635_o_f0004g.jpeg


Some thoughts: 

• “Renewed interest” in extraction of ocean floor sulfides and 
maganese-cobalt nodules. 

• However significant technological and environmental 
challenges 
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