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PREFACE 22 June 1973 

1. The General Assembly, in res0!ution 2750 (XXV), of 17 December 1970, 

requested the Secretary-General to 'idefltify the problems arising from ,the production 

of Certain minerals from the area beyond national jurisdiction ~, and ~to keep this 

matter under constant review so as to submit supplementary information annually or 

whenever it is necessary'. 

2. Recalling this provision, Sub-Committee I of the Committee on the Peaceful 

Uses of the Sea-Bed at its sixty-fifth meeting on 23 March 1973 requested the 

Secretariat to prepare for the summer session of the Committee a brief report on 

economic and technological developments relating to sea-bed resources. A more 

detailed report should be prepared for consideration in 1974. 

3 Accordingly, the Secretary-General submits to the Committee on the Peaceful 

Uses of the Sea-Bed and the Oce~n Floor beyond the Limits of National Jurisdiction this 

progress report, ~,~hich is divided into three ~ sections~" 

I. Ne~ scientific insights into sea-bed geology~ 

II. Recent trends in the offshore petroleum industry~ 

III. Recent advances in deep sea-bed mining. 

4. The scope of the report is limited and does not purport to cover the subject 

in a comprehensive manner. It merely reflects some of the latest developments that 

have taken place since the presentation of the previous report of the Secretary-General 

on the question (document A/AC.138/73). 

I New scientific insights into sea-bed ~eo~~ 

A revolution in scientific thinking kno~m as sea floor spreading or ~the new 

global tec$onics has, over the past ten years, changed our view of the Earth and is 

advancing our understanding of the resources of the sea-bed. This concept no longe r 

subscribes to the old °idea of a static Earth, ~on which continentssmd ocean basins are 

permanent features, but replaces it with a dynsmic Earth model on which continents are 

Constantly moving and ocean basins are opening and closing. The processes responsible 

for sea floor spreading would tend to concentrate metallic mineral deposits along 

boundaries ~&ere sections of the Earth's rigid outer shell move together (converge) or 

move apart (diverge) (see figures 1 and 2). Petroleum deposits which also tend to 

form along these active boundaries have frequently been preserved when the areas became 

stable continental margins. 

We can summarize the expected patterns of mineral distribution ~,rhich. are emerging 

from this new conceptual framework to aid the search for mineral deposits as follows~ 
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i. Opening Oca~% Bs~sins (Divergent Boundaries ) : 

(a The early stage of opening of an ocean basin is thought to create 

conditions ~;hich favour the accumulation of metallic sulfides. For example, 

the Red Sea is interpreted as a~n early stage of sm ocean basin opening, 

splitting Africa and Eurasia apart. The rich submarine metallic sulfide 

deposits (average percentage of metal oontent~ 1.3 copper, 29.0 iron~ 

O.l ~ lead, 3.4 ~inc, end associated 0.005 silver and 0.00005 gold)were found 

in Red Sea basins. Also foundwere indicators ~ of petroleum: organic-rich 

sediments and thick ~ layers of rock salt deposited during stages of evaporation 

within the ~ enclosed sea. The ~lan%ic Ocean which is continuing to grow must 

also have progressed through such an early opening stage. As a result, prospects 

may exist for metallic sulfide deposits near the mid-Atlantic ridge. The 

petroleum that has been found off the coast of West Africa occurs in basins that 

may have formed ~Then the continent first started to split apart. Diapiric 

structures that are interoreted as salt domes have been discovered to extend as 
. _  

far as the continents~ rise (to water depths of 5,500 meters) along both the 

e~stern and ~estern margins of the Atlantic. These may represent structures 

favourable for accumulation of petroleum. 

(b) The opening stage of an ocean basin, in this View creates conditions 

~¢hich favour the accumulation of metallic minerals. The Troodos ore bodies 

on the island of Cyprus (average percentages~ 2.2 - 4.2 copper, 43-0 iron, 

48.0 sulphur, Oo,~ zinc, 0.25 - 2.12 ounces per ton gold, 0..25 - 12.96 ounces 

per ton silver) now being exploited are believed to exemplify the type of 

metallic sulfide deposits tho~t may occur near divergent boundaries in oces~ 

basins (e.g. the Mediterr~es~m). 

2. _Closing 00earn Basins (Convergent Boundaries) 

Processes associated ~rith continental margins and volcanic islands at convergent 

plate boundaries appear to favour the deposition of metallic minerals and %o be 

associated in various ways ~rith the accumulation of petroleum. For example, the 

majority of known metallic sulfide ore bodies ~re Concentrated a~ convergent boundaries 

including the belts of depqsits which extend along the western cordillera, of North and 

South America, the deposits of Japan and the Philippines and those from the eastern 

Mediterranean to Pakistan. The island chains along the convergent boundary forming 

the western margin of the Pacific enclose numerous small ocean basins including the 
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Bering Sea, the Sea of Okhotsk, the Sea of Japan, the Yellow Sea, the East China Sea 

and the South China Sea~ these areas are considered promising for petroleum 

a~ cumulation. 

It is reasonable to expect that the growing understanding of worldwide patterns 

of mineral distribution that are emerging from the concepts of sea floor spreading 

will accelerate the discovery of mineral resources not only on the sea-bed but also on 

the continents. However, the realization of economic benefits from discoveries 

produced by these ne~ insights is contingent on considerable improvement in methods of 

exploration and exploitation of the sea floor. It should be noted, however, that the 

above~views are the subject of continuing discussion s~nd controversy. 

II. Recent Trends!n the Offshore.. Petroleum Indust_~ 1-/ 

1. Exploration Technology 

(a) Surveys 
The total of oceanographic research activities has now yielded a general pici-are 

of the appearance~ geological nature and history of the ocean basins. Research efforts 

are now continuing to emphasize more detailed, localized studies rather %hart the rapid 

traverses of broad areas vfnich characterized early ~ investigations. 

Geophysical methods rely increasingly on electronic and computer sophistication. 

The miniaturization of electronic components has ~ lowered costs and led to the development 

of unattached instrument packages which can collect detailed data and be retrieved after 

weeks or months. Self-propelled instrument platforms now under development are capable 

of moving freely without a ceble under the control of acoustic signals from a surface 

ship. 

Computer utilization for data gathering and processing increises the efficiency and 

density of sampling s~d allows smaller sea floor features to be revealed. The 

application of deconvolution techniques enhances the signal and permits extraction of 

information otherwise irretrievable. 

Improved underwater television and photography produce new insights on the nature 

of the sea flo0~ and side-scanning sonar systems which are designed to make the 

i/ A good overview of marine technology today can be gained by reading %he 
preprints of %he Fifth Annual Offshore Technology Conference held in Houston, Texas, 
from 50 April - 2 May 1975. 

2_/ A system used aboard %he German research vessel, R/V VALDIVIA, incorporates 
a TV csmera~ two photographic cameras for stereo images and illuminating devices. 
It is towed by a 8000-meter long coaxial cable in water depths up to 6000 meters a% 
ship's speeds up %0 6 knots and is capable of taking 3000 colour or stereo photos 
during a single lowering ~ 
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equivalent of aerial photographs of the sea floor, using sound instead of light, have 

been improved to resolve objects as small as 3 cm and sweep an area of sea floor 

30 degrees wide and lO degrees deep. Refinement of existing seismic reflection 

equipment using a towed 3o 5 EHz sub-bottom profiler system has located natural 

hydrocarbon seeps !J~ as discrete reflections 

Techniques to rapidly ssmple the surface layers of the ocean floor to determine 

the detailed geological setting have progressed. A device developed in the Federal 

Republic ~ of Cermsmy to sample unconsolidated materials on the sea-bed in water depths 

to 5000 meters is capable of irking discrete samples I00 to i000 meters apart. 

Improved navigation systems which augment satellite navigation now achieve 

positional accuracies of about 50-100 meters. Satellite navigation systems are being 

miniaturized andprepared for commercial marketing at sm anticipated cost of less than 

$I0,O00 (US) per um.it. 

(b) Drilling Equipment and Techniques • 

Recent technological breskthroughs indicate that in the near future economics and 

not water depth will be the limiting factor in petroleum exploitation. Exploratory 

wells will soon be drilled wherever there is a chsm.ce of striking a major discovery 

the size of which would justify the cost of recovery. 

The GLONA/~ CHALLENGER, operated byGlobal Harine Inc.~ continued the Deep-Sea 

Drilling Project with the added capability of hole re-entry and deeper penetration into 

the sea floor at abyss~ l depths for scientific purposes. The successful reoccupation 

of a drill hole, pioneered ~ by the GLONAR CHALLENGER, has been accomplished by several 

compsmies using a sonar pinger, computer directed dynamic positioning and underwater 

television. 

The success Of the GLOHAR CHALL~[GER has nurtured the development of dynamically 

positioned drilling ships and rigs. SEDCO 445 has been built and is the first ship 

equipped lwith dynamic stationing for drilling explorato~-g wells. Seven new ships with 

drilling capabilities in water depths ranging from I00 to 300 meters were either under 

construction or delivered during 1972. Other improvemenSs have been directed towards 

permitting year-round e:qp!oratorg drilling in the arctic with an ice-breaking drill 

ship .2_/ 

1/~- ~~i!6Hg t~/e north shelf of Santa Barbara Basin in California~ as reported by 
P.J. Fischer of California State University snd A.J Stevenson of Stanford University 
in the !973 Offshore Tec1~oloRy Conference Preorints. 

2/ Glob'al }%~rine Engineering Co. has designed a model ~,ith pneumatically induced 
pitching and rolling that permits continuous bresl<ing of moving ice without interferiDg 
with normal drilling operations. 
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2. E~loitation Technology 

' (a) Platforms 
.. 

Progress in platform drilling operations is in the direction of deeper: water 

operations stud more efficient and reliable operations at current depths under severe 

weather conditions. A new offshore drilling rig called a column-stabilized semi- 

submersible 1-/ (SEDOO 702) is capable of drilling in lO00 meters of water under near 

arcticenvironments and in the face of lO0-knot winds~ 50-m. waves and 2-knot currents. 

A development of possible future importance is the supporting of platforms over 

the surface of the sea on a cushion of air ~hich is now being tested with loadsup 

to 95 tons. 
• 

A self-elevating super r'jack-up :~ type offshore drilling platform designed by 

engineers from the US firm of George G. Sharp Inc. to operate in water depths up to 

250 meters under hurricane conditions would cost about US $25 million (if built in 

the US).2-/• Another Us compsmy, Raymond International Inc., is ~orking on a self- 

elevating drilling, producing and processing platform to be installed in about lO0 meters 

of' water~ they claim the capability of designing a structure for water depths of 

350 meters that ~ould withstand 125-'knot winds and 40-meter ~raves. 

Operating drill platforms whichrest on the ocean floor are supported by marine 

risers. Recent improvements in %heir construction now allow operations to 500 m. 
• 

while current design limits extend to 700 m. '~/. 

A ne~-r s a fe ty  Completion system has a l s o b e e n  developed, to prevent  cos t ly  blowouts 

by automatically shutting d0~;m platform operations. ~j Steps have also been taken to 
• 

. 

develop better survival systems for platform crews. ~/ 

1 /  The semi-submersible concept includes improved mobi l i ty  fo r  long tows and 
f ie ld ,  moves,; capab i l i t y  of anchoring in deeper and'rougher water~, capab i l i t y  of 
beingself-propelled and/or dynamic positioned~ minimal ~¢ind, wave and current 
resistance. Daily costs for operating and supporting one of the new semi-submersible 
rigs tots.l about $50,000 (US). ' 

2_/ As reportedby R.P. Giblon eand V.U. Minorsk7 in the 1973 0ff.shore Tgchnol0~- 
~onf erenc e Pre~ri nt s. 

~/ I~ the Santa Barbara Cha~mel holes have been drilled in water depths up to 
nearly 500 m from platforms supported by-marine risers. 

z~/' The Cameron IronWorks Inc. (US) system ~;as reported in Ocean Industry, 
April 1975, page 108~ a Veteo Offshore Inc. system was reported by A.G. Ahlstone, 
BoF. Baugh and L. Reimert ~Mudline Emergency Shutoff System :I, in 1975 Off shp_re~ 
Techno Iogy Conf e renc e ~Prep rints;. 

~/ Ocean Ip~_dustry, April and May, 1973. 
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(b) mvi g 
The scuba diving and maruner submersible industry is closely allied ~.ri%h offshore 

petroleum activities. Simulated dives to 650 m by the C~O " Comex research 

programme seem to indicate the feasibility of under-~,~ater industrial work at about 

500 m depth. 1-/ 

'IVe submers ib le  _~GYROI~.TE, b u i l t  in  Prance,  c a n - c a r r y  four .  d i v e r s  and lock them 
, .  . 

out at depths s.s great as 330 m ~.rhile deep diving from a dynamically positioned drill 

ship ~,rith a small Comex Marine Service submersible con no~.r take 5 divers to a m~ximum work 

depth of 500.m. 2-/ Ocesmeering L u t e r n a t i o n a l  b u i l t  t he  f i r s t  e~u, cp lo s ion ' p roo f  500 m 

saturation diving system for custom installation aboard a semi-submersible (the new 

b~DCO 702).  Other manner submers ib les  ope ra t e  to depths of 2000 m. 

New tools and techniques are constantly being developed and perfected for underwater 

work and communications. Welding, photography, writing and even painting are now 

possible. 

Sub-Sea Oil Se rv i ce s ,  S . p . A . ,  Milan, has armounced the de~elopm@nt of a submers ib le  

vehicle for operation in 197~! ~ith the following capabilities~ 750 km under,,rater range, 

575 m operational depth, 5d-O-625 horsepower, 7-day endurance, 7-man capacity. 

(c) Undersea Completion 

There are s t i l l  l e s s  than one hundred o i l  wel ls  .in the world ~,rMch are  completed 
. .  

with subsea wellheads but this number is expected to increase r~pidly. %%ro new 

operational units ~,rhich apply sts=~dard land techniques to subsea wellheads have been 

produced by F l o p e t r o l  (Prance) u s i n g  remote con t ro l  ~:.rith minims,1 d i v e r  a s s i s t a n c e  to 

depths of 200 m with greater depths expected shortly. Standard Oil of California has 

been developing  t echn iques  f o r  d i v e r l e s s  deepwater  subsea complet ion by meatus of t oo l s  
i 

lo~,~ered through the drill pipes. 

Subsea p roduc t ion  t echn iques  may r e q u i r e  cons ide rab l e  o n - s i t e  maintenance i f  many 
• . 

wells are drilled ~ith close sp~cing and individual well production is moder.ate 

(I,0OO barrels per day). Seal Petroleum Corporation (US) has developed the manned work 

enc losure  to permi t  S k i l l e d  men, but  n o t  n e c e s s a r i l y  d i v e r s ,  to perform maintensnce 
, .  , 

operations in a dry environment on the sea floor. Tests have shown these systems to be 

economical a t  water  depths to 150 meters  in  a v a r i e t y  of environmental  c o n d i t i o n s . .  

l_/ C.A. Agarate and A.J. Jegou in the i973 of.f.s.h.ore Technology Conference 
P r e o r i n t s .  

2_/ R. Beaufort in Under-Sea Technol0~y, April 1975. 
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A total sub-sea oil well completion and production system, built by Lockheed 

Petroleum Services Ltd., is in operation with a 400 m depth range for placing men and 

well head hardware on the ocesm floor. 1-/ 

A British ~firm, Wilson Walton International, has developed a module which permits 

completion of wellheads in ~later depths up to 30On at atmospheric conditions. 

(d) Storage and Transportation 

Significant advsa~ces in techniques of laying s~ad c0~ecting underwater pipelines 

between wellheads snd shore-based facilities under severe environmentsl conditions in 

the North Sea have been reported. ~ 

The desi~ and construction of a one million barrel oil storage island provides a 

practical and economic solution to offshore crude storage and export ~ One of these 

storage %~s is being installed in the Nor~egian sector of the North Sea. 

New concepts in %ransportation emphasize economy and environmental ~ protection. 

As an alternative to the supertanker, Ocean Towing Systems Inc. (US)has proposed a 

barge train composed of superbarges linked together in a 5-mile long chain to move 

crude oil. in unPrecedented volume° 

5. Su~m~a~ 

Offshore petroleum technology has continued to perfect its techniques for drilling 

in deeper waters s~d in more hostile environments. Paralleling these efforts are the 

improvements in speed s~d efficiency in the gathering of detailed sea floor information. 

Although the exploitation of a giant oil field might be' possible anymrhere in the world 

regardless of location or water depth, the economics of drilling in deep water will 

continue %o favour shallow water work for many years to come. 

!II. Recent advances in deep _ses,-bed mining 

i. Evaluation of Dossib!e economic deposits 

Recent information has made possible a more realistic assessment ofpotential 

economic nodule deposits. Extensive surveys have indics;ted that between 25 to 50 

per cent of the abyssal plains (which total 138~000,O00 km 2) and small areas in the mid 

oces~ ridges 3-/ are covered with nodules. However, only a small proportion of nodule 

occurrences may turn out to be potential mine sites. ~ 

I_/ W.B. ~ Bleskly in the Oil and Gas Journal , August 7 and: October 24, 1972. 

2_/ See 1973 0ffshore Tec~pl0~ Conference ..... Prep rints. 

~/ The process of metal precipitation and accumulation at the sea floor also 
takes place over large areas of the ridges. However, metal accumulation on the rocky 
substrate of the ridges tends to form crusts which ~Till not be of economic interest in 
the foreseeable future. But in those areas of the ridge ~iTit~ a sedimentary substrate, 
such as valieys~ nodule deposits have formed. 

• ~ See United Nations document A/AC.138/87. 
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A rudimentary approach to estimating the total area of potential economic nodules 

should begin in the general area of siiiceous ooze sediments of the North Pacific~ 

which has been identified as 2robably the largest concentration of high grade nodule~ l~/. 

In this general region it is reported that nodule boTade is fairly constant over ~ide 

areas (though nodule density may vary ~ignificsntly) averaging about 1.25 per cent Ni, 

1.O per cent Ou and 0.22 per cent Co, ~.rhile over 25 per cent of the sample anmlysis 

available contain more than 1.5 per cent Ni and i. 5 per cent . The siliceous ooze 

region is roughly bounded "by the 6 ° s~nd 20 ° N parallels of latitude ~%nd the !IO ° ~nd 

km 2 180 ° ~ff meridis~s of longitude, thus comprising sn area of approximately 12 million . 

If it is assumed tha~ about one-third of this ares, is covered ~ith high grade mineable 
O" 

nodules~ it ~.~rould mean an area of o, oproximately ~- million km ~ of mine sites in the 

North Pacific. It is kno~,,n% that several areas of potentially economic nodules have 

been found in the South Pacific a~%d. the Indim% Ocean~ which might add 30 to 50 per cent 

more potential mine site area for a total of 5 to 6 million km 2. These figures are, 

of course, mere aoproximations but are thought of as realistic by some industry officials. 

Several private ~ud public orgs/qizations of m~%y nations are actively engaged in 

nodule surveys in ~n attempt to ms:p out the best mine sites. These surveys are quite 

costly sm_d time-consuming~ requiring expertise in several disciplines s~qd the use of 

very sophisticated instruments to maintain accurate records of the ship's position 

where photogre:phs or ssnnples are taken° Many devices have been built to photograph 

and observe nodule deposits on real time closed-circuit TV. These and sampler devices 

are either to,,red by s~ support ship or are of a free-fall pop-up type9 and ms~ cost up 

to half a million US dollars. 

I_/ The high grade of some nodules deposits in this general region can be inferred 
by the follo~,ling statement received with a nodule sample , courtesy of the Summa 
Corporation, Ocee~. Mining Division (Howard Hughes) : 

'!~~e are pleased to present you ~,rith a cross sectioned nickel nodule that 
gre~r on the floor of the East Central Pacific Ocean. This ~,as recovered 
by tra~.Ii from a water depth of approximately 16,500 feet during our most 
recent 1972 general survey using the R/V SEASCOPE. 

It was selected on the basis of its larger size for better display 
purposes rather than its high metal content. This type analyse about 
30% Manganese, 6% Iron, 1.4% !~ickel, i.0% Copper, 0.2% Cobeolt, and 
O. 06% Molybdenum, and rep~re99nt .... a~medi~ grade pre, '~ 

2_/' See A~muex tables in UN document A/ACoI58/87. 
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2. Recent Activities 

Several interested groups are c°ntinuing t° pre~s on ~.,ri%h their surveys for mine 
i 

• ,.. 

sites and developmental ~.$ork in mining and metallurgical systems. Li-ttle or no 

information is 8,vaii~:ble on the'activities of some groups which~ i% is rumoured, have 

an active interest in nodules. TheS0viet Uni0n~ for example~, has conducted 

extensive surveys of nodules in the Indian ~ and Pacific '0ceans 1-/. Nothing is known, 

however~ of plans to develop nodule mining systems in ~he Soviet Union. Several firms 

and groups from the United States, Canada, France, Japan, Germany and Australia are 

involved %o some degree on developmental work related to location 9 recovery and 

processing of nodules. The following groups seem %o be more advanced (or more 

information is available on their activities) J. 

Summa Corporation - Ocean Minin ~ Divisi0n 

This firm (ex Hughes Tool) seems to have spent more funds (60 to 70 million dollars 
7. 

on nodule mining than any other. A 56,000 to protot~npe ocean mining ship, 

Hughes Glomar Explorer, designed and built under the direction of Global Marine inc. 

by Sun Shipbuilding and Dry Dock Company was launched in November 1972 and is presently 

being outfitted ~.~ith mechanical mud electronic equipment, much of which ~as msmufactured 

and tested by Honey~,.~ell 4-/. The mining system is being built according to designs of 

Lockheed Missile and Space Company's Ocean• Systems Division. The launching of the 

dredge head, its periodic servicing and possible retrieval~ requires a submersible 

launching barge. This barge~ the world's largest submarine, is theiength of a 

football field and is covered ~,rith s_n oval-shaped mets~l roof that stands 8 stories high~ 

it is presently docked at Lockheed's facilities in California. Global Marine has been 

retained to conduct nodule surveys (with research vessel R/V SEASCOPE) and provide the 

management for operation of ocean mining and test ships. Pilot plant tests.of~ a 

metallurgicsl processing system is under way. It is reported theft the complete mining 

l/ See G.T. Glasby, ~indian/~utarctic Nodules ~, in Mangm~ese N0dule DePts_its in 
the Pacific, Proceedings of a symposium held in Honolulu, Ha~,~aii:, October 16-17, 1972. 

2_/ Much of the following information was Obtained from an article by 
A.J. Rothstein and R. Kaufman, ~The Approaching Maturity of Deep Ocean Mining- The 
Ps, ce Quickens:7, ' l~~ Offshore Technolo_~f_eren~e Pre_~rints~ pp I. 323-344. 

• ~/ Tonnage of ~light ship displacement ,;~. 

~/ "Ho~ard Hughes backs develo~e~nt~.O~ complete ~minin.g system for mining ocean 
floor" Engineering s~nd Mining Journal, January 1973, p 21 
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system could be ready for nodule mining tests in 19741-/. Commercial production might 

come a f e w  yea r s  l a t e r ,  pending c o n s t r u c t i o n  of a m e t a l l u r g i c a l  p l a n t  2-/. 

Kennecott _qo~er Cor0oration (USA) 

The first nodule survey bnlise of Kennecott was carried out in 1962, and over the 

years the company has • built up a data bank of several thou~snd samples, and defined 

various altern&tive minesites in the North Eastern Pacific Ocean. On the strength 

of its extensive metallurgical experience, Kennecott investigated a number of nodule 

processing tec-hniq.ues snd is now successfully operating one pilot plant. A sizeable 

research programme in nodule mining techniques and systems is underway at the company's 

facilities in Ss~ Diego, • California. As a result of this intensive development 

programme and scale tests, Kennecott has apparently decided on a hydraulic system for 
.., 

lifting the nodules from the sea floor to the mine ship. Kennecott, ~]~ke Summa 

Corpora t ion ,  contemplate  mining o p e r a t i o n s  of 3 to 4 n i l ' l i o n  tons of dry nodules  pe r  

year (]..5 to 20 thousand tons/day), recovering Ni, Cu, Co, No and several trace metals 

found i~- noduleso . l ~ r n e  A. Dubs, D i r e c t o r  of Ocean Resources Department of Kennecotb, 

recently stated that his company, s~nd probably other US firms, could be processing 

deep sea-bed nodules ,.rithin 30 months, if it went on a crash schedule now (},~ay 1973 • 

Deepsea Ventures_ Inc. 

• . T h i s  s u b s i d i a r y  o f  Tenneco Inc.  (USA) has been i n v e s t i g a t i n g  nodule d e p o s i t s  and 

mining systems since 1962] Much has been reported about Deepsea Ventures activities ~/ 

thanks to its ,intensive pub!lc information programme. Deepsea Ventures has identified 

several candidate ore body nodule deposits in the Pacific Oces~n~ has successfully 

demonst ra ted  i t s  a i r - l i f t . h y d r a u l i c  dredging techniq.ue~ with  a complete system, in  

750 meters of water on the Biake Plateau~ has operated several one ton/day hydro- 

c h l o r i n a t i o n  chemical p rocess  p i l o t  p l a n t s  ~ /  des igned to e x t r a c t ,  in  a d d i t i o n  to Ni, 

Cu, Co and trace metals, pure manganese metal. It seems that, after more thm~ one 

i_/ Ocean Science News, May 18, 1973, p. 3 

2/ Paul Reeve, general manager of Summa Corporation' s Ocean Mining Division, 
stated in a pr@ss release of November 4, 1972, that: ~q4hile commercial production 
operations may be several years a~fay, we are proceeding with confidence, maintaining 
appropriate options and proceeding in as systematic snd rapid ms, her as ~re can. It 
is a~bundantly clear that a great deal of worklremains to be done ~'. 

~/ Statement in a hearing of the US Senate Interior Subcommittee on Minerals, 
Materials s~d Fuel, May 19~ 1973. Reported in 0cean Science News~ May 18, 1973. 

see I m ion  A/AC 138/36 A/At.138/73, 

~/ Rothstein and IQ~ufman, ~ . ,  p. 1-325. 
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decade and 20 million dollars expenditure on development work, Deepsea Ventures and its 

parent compsmy Tenneco are a% the threshold of decisions on commitments of subs%sntial 

funds for construction of a commercial scale nodule mining system and metallurgical 

plant~ which could s/nount to more thsm I00 million dollars. Unlik@ SUmma Corporation, 

whichhas access to internal funds, Deepsea Ventures ~qd the rest of the US industry 

would have to borro~,~ funds from banks or restart to stock subscription for major oapi%ai 

expenditure projects. It seems that in the present state of un~er%ain~ &bout the 

legal regime to govern deep sea-bed minerals, financial institutions are not only. 

reluctant to lend funds but also the board of directors of the oompo~nies developing 

nodule mining sys.tems are no% yet prepared to commit the necessary equii~j capi%~%l to 

build the mining hardware, ships e/qd processing plantsl-/o 

S umi%qmo GrguD/MIT! (Japan) 

Several Japanese comps~ies and the Japanese Government have sho~m an active 

interest in nodules since 1967. The Sumitomo Group has been a major supporter of a 

continuous line bucket (CLB) system conceived by Yoshio Masuda. The US firm Ocean 

ResOurces Inc. (Dr. John L. Mero), has conducted exploration cruises m~d assisted the 

Sumitomo Group in developing m~d %estifig the CLB system@ A deep ~Tater test of a I/IO 

scale .... CLB system ~ras successfully carried out in 1970 in 3,700 meters of ~ater off 

Tahiti. A larger test was carried out during August-September 1972, with %he financial 

support of 32 firms (from USA, Cans~da, France, West Germany, Australia and Japan). The 

results Of this test have no% been divulged but they seem to have fallen short of 

expectations. Repeated tangling of lines may have been partly caused by underpowered 

thrusters designed to move'the ship side~,~ays. The sponsors feel that these problems 

can be overcome and it is reported that in January 1973 Japan's Ministry of Lnternational 

Trade and industry (MITI) proposed the creation of a US $220 million semi-public ven~are 

to pursue mining and processing of nodules using the CLB systen~. The tentative 
Q • 

target date for commercial operation is reported to be ~1977 3-/. The Sumitomo Group 

seems to be experimenting with a trawler-like adaptation of the CLB system designed to 

open the span of the cs~ble loop at the surface ~Thile at the ssme time permitting the 

mine ship to move for~ard (rather than sideways). A metallurgical process to extract 

l_/ This situation perhaps explainssthe 1 efforts to obtain ".interim legislation :7 
from the US Congress (bills H.R. 9 and . 154). 

2_/ "Japan pushes for deep-ocean venture '~, .MetalsWeek, January 15, 1973, P. 9. 

~/ Ditto, p. 9. 
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metals from nodu!es~ including manganese dioxide, seems to have been developed. 

Sumitomo ~,~tal Mining has erected a testplant at its Sisakajima Smelter with a ~artial 

subsidy from the Agency of Industrial Science and Technology of Japa~ !-/. 
• 

Dee o Ocean Hinerals Association- DOHA- (Japan) 

A group of 27 Japanese fi~ms, &ncluding steel mills, engineering stud trading 

firms, s~motmced in April 197~ that it had established anew body to promote exploration 

of deep ocean mineral resources° The Deep Ocean Hinerals Association will work out 
\ 

pl~as to survey s~d develop nodules, and will request financial assistance from the 

Japanese government. Participa%±ng members of DOMA include Nippon Steel Corporation, 

Sumitomo Metal Mining Co.~ Mitsubishi Heavy Industries, ~itsui and Co. and Mitsubishi 

CorPoration 2-/. 

~m _(Arbe.itsgemeinschaft Heerestechnischg ewinnbare Hohstoffe) 
• , • 

West German commercial interest in nodules started in the late 1960'.s. Some of 

the leading German companies in metal].urgy and ocean systems have formed a joint venture~ 

AHR. The member companies of this group are ° .Hetallgesellschaft AG, Preussag A.G. 

snd Sa!zgitter AG~-~ Krupp end Demag may soon join AHR ~j. Another group 

(Interessengruppe "Meer und Tech~nik"~ IN~{EER) has been established but so fs~r has ~ 

not been very active in developmental work for nodule mining. AMR has conducted nodule 

surveys in the Pacific in 1970~ 1971 and 1972, supported by government funds. It is 

reported that several potential mine sites have been located in the Central Pacific 

with nodule grade of over 3.0 per cent combined Ni and . Metallgesel!schaft has 

successfully tested the metallurgical processing of nodules. Several alternative 

nodule mining systems h~ve been suggested and are now being evaluated. The group is 

presently spending over 3 million dollars a year, including a considerable government 

subsidy, and fast progress is e~ected in the development of a total nodule system. 

AMR has recently been approached by Kennecott Copper to set up a joint venture, for 

~Thich the German group was asked to contribute 30 to 50 million dollars per year, 

s t'art ing in 1974 6-/. 

I_/ ~:Ms~gsmese Nodule Project ~ MiD ing Journal, June 50, !972, p 545 . . . .  • o 

~/ Wirtschaftsvereinigung Industrie!le Meerestechnik e.v., ~darine Techi!o~o~y~ 
Industries in .... the Federa! ~ ReDub!ic of. Germany, 1972. 

~:~eta!~s~]l,.tee!(., Hsrch  12, 197 -~, p.  10. 

~/ Ditt____9.o 

6/ D±tt_____£o 
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6 1 ~ 0  :-'~ . S o o i e t 4 , ' . : l . e  :Nickel . ~ .  

......... '-, T h e  ma in  Fr.enCh ~:~:effort- ~'in c o m m e r c i a l  - r e o o v e r y  o f  ~ . n 0 d ~ e s  ...-isl b e i n g  :conduC~ted <by~~ ,~ ,:- 

CNEXO, t h o u g h  r e c e n . ~ t y  So,ci~e.t4 . . . . le.-~ickel has.~-~,~~ged. '- to~. ~:p~&rticip'a:te ~~.in . jo in~t i : . s~dies , - .  

CNEXO h a s  c o n d u c  t e d  e x p l  o r a  t i  on c r u i s e s  ~ in- 19)7Q, .... !.._.91:7.~i i-..:~d ):,".19!~;2./:/~.....d..~.,.../....(il.].ily..~.seems(-.:-!to'.'"-h~e;).~o:l oca  t e d  

p o t e n t . i a - i  ~ :~.nod~'e mine  ,•'s.i:%es .~: pr~ar±ly~• . i •n : . - .a reas  • ,..:01o"~-~: ,..$o"-.!•~'ench'".-~'.o±ynes.~_a--,••:./:,~ was 

' : a  p a r t i C : i p ~ t : . i ~  .:.%h@ CI~. : : s~dic .a%e ~ (1972  ) '.and.. ::is ' p r e s e n t l y . , c o n t i n u i n g  f ~ r t h e r . , . : : d e v e t o p m e n t  

work':on"::the-!C .~.-~ s y s t e m  ;~•.They are. . i .$.rying :.-to:..overc.ldme some...o'f<.:~the .i dif~£i.cut~..ties .,,,- .... ~ 

encountered in.:%he,,!972 '$eS-t<by usingan auxili~ry veSse!:-next,~:.to-the.mine :ship -in " 

ord@r to open the~.ic~bl-e ~loop ~ .~s :needed. ": -~ Much:.. of the ~scientific and~-technical ..support 

for~-~,the.Fr:@nc~h~indus%rial .effOrt~:::~ill <beprovided .by ~:~~Oi"s PaCific ~. Oceanol0gic<..0en~ter, 

which was completed in the island of Tahiti in 1972. -~~,~-.i..::~...<:.,..~.<.i•.. 

I n t e r n a t i o n a l  N i  g k _ ~ ! 7  ;~Co~2Z:•- i~( ,  C i ~ d a  ) . ~• i~ :) ~•il / i ~ ~. i<, ~ , .~: <.:<~ i.:"~,~ :". ~. ..... ~ ._~- .i. .<) : -( i ~.~ .•--.~i!~i<~ .-i.( f .  .... . -..., /..:._.~.• !-- !~., i I. . -'i!":]•: ::~. 

.~'~CO was ~one-(of-: the .... firs.t comp~mies :-.to.)•establish"<a<nOdule ~stu~.dy~-~.p~.je6~ iH<.the 

~:<early 1960' s, " ~±S Comp~ny:.~has)-made < severa!~,<research cruises :on.ohar%e([:...vesse!s~. :.&$ 

has~:~supported<.-nod~ie:! pr.OcesS~g ~research and devel.opment~: at :..~the ~universi~.-~..:..of.-iCalifO~ia 

and done internal prOc.esSing stUdieS.as well. ' ~.INCO.,haS prepared a feasibili.~study of 

nodule::mining ~ ~d>is'(no~ :studying potenti,~>iha~dwara. - " ,INCO<ws~s !a, imember<o£~ ~hei.~ C-,LB : 

Syndicate:in. 3,97.2 ,ands.it is ~ reported :~that-~Mr. :,. John ~Shaw., .... INCO:,s director in~charge of~: 

Ooean.!,Devel0pmen-t, < .v~as~,-inSt~ental , in assi~sting-the~. -~ successful cOmPletion~ o£.i ~. the.--~, ~- .~- .... 

--- F ina l ty-~- / i% •~may..~b6 o f  •. i~%er.es% t o  note•:i.that.~ some. count r ies<~ i n  " the : .P~ci f ic : . ,Ooean~ - 

r e g i o n < h a v e ,  p r o p o s e d <  t h e  cre~,%iOn..Of~"mul t i - n a t i o n a l :  g r o u p s  to~: ~explore~ s e a - b e d ~ . - r e s o u r c e s ,  

one such.(~gr0up was ~ r e C e n % l y > o r g ~ n i z e d . . - u n d e r  th;el s p o n s o r s h i p  o f  .... the:~Committee,~.f.or,., i~.:.- ..... 

Co-Ordination~ of: Joint, Prosnec%ing for ~Mineral ~: Resources in,-Asian,: Offshore Areas<(,'~ ,~.~ .... 

. , . . , .-. 

I_/ Rothstein and I(aufman, on c it. ,.>p,.. 52~6'~'~': , ..... ..... 

_. ,.. i ' 

" ::i~.~!,.: • ~~%omg'Sh0 J i., liai sha:. Ltd:, ~:, ! :His to ri cal~ re~i~eW::, of:. manganese! ~ n0.du!.9 .... " " 
development by %he Sumitomo Group , Septembe r 25,.12~!2,~,9p .... , p:.4~- ..... .....~..:. ~ ~...~ .... , ....... ~.~... .... 

~/ ECAFE, :~Report of the Ninth Session_ of .the Committee~. for C0,ordina~ion<0f 
Joint Prospecting for Mineral Resources in Asian Offshore Areas ~ d0c~emt ...... ii ~ ............. 

E/CN.II/L.348, January 1973. '"~~:~ '~ 



60o 

3 0  ° 

0 o 

30 ° 

60 ° 

EURASIA 

!"x- 

",~U S T R A':L ! A N 

1 2 0  ° 180 ° 

P A C I F I C  

u ~  

A M E R I C A  

t t  

4 . , . :  . 

. ~ ' ~  

/ :  

< i::: R ICA 
'!i: ! !~i. 

P ? . , . . °o  "~.. 

P L A T E  

B O U N D A R . I E S  

D I V E R G E N T  

>--< C O N V E R G E N T  

k 

EURASIA  

i , 

. . . . .  1 ~  I A N T  RCTICA 

120 ° 60 ° 0 ° 60 ° ~'-~ 
0-, ,  ~ ,D  

0 

~igure I. ~oundaries of six principal lithospheric plates 
(sfter i:e Pichon~ 1968). Convergent and divergent plste 
bounda r i e s  a re  imdica ted .  ( a f t e r  i s acks  e t  a l . ,  196./3). 



DIVER GENCE 
.CONVERGENCE ~ ~ C O N V E R G E N C E  
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.' XX ~ LEVEL WHERE LITHOSPHERE IS RESORBED "~ ~' 

Fi~.m~re 2. Block dis.gram illustrating schematically how convergent and 
divergent !ithospheric plate bo'~daries work (after isacks et al., i968). 
0ne-hundred-kilometer-(6~-mile)-th±ck !ithospheric plates mo~e li!=e 
conveyor belts 2tom mid-oces~ ridges (di~ergent plate boundaries) and 
plunge do~m-lward beneath deep-sea trenches (convergent plate boundaries). 
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