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INTRODUCTION

The seabed hosts a lot of mineral resources, sand and gravel, phosphorite, sulphur, 

coal oil and gas manganese nodules and sulphide nodules which had been 

exploited for a long time. However, much more had been known in the last twenty 

years when a reasonable but still incomplete inventory of these minerals and 

materials were made. These deep sea with vast potential resources are however in 

competition with the onshore supply. The future development of these minerals 

depends  largely on international markets, need for strategic materials and cost of 

production  compared to onshore deposits. 

This brief presentation is a summary of these resources and their current status. It 

must however be emphasized that with improved technology and the concern for 

the depletion of onshore resources, interest in seabed minerals and mining will be 

greatly enhanced. 

SAND AND GRAVEL 

The largest of all seafloor mining operation is for sand and gravel used in cement 

and concrete for buildings, landfills and construction of artificial beaches. The 

technology and cost required to mine sand and gravel in shallow water differ very 

little from land operations. This is a high-bulk, low cost materials tied to the 

economy of transport and distance from the market. 



The annual world production is about 112 billion metric tons and the reported 

potential is more than 600 billion metric tons (Table 1). About 20% of the total 

annual requirements of sand gravel in USA and Japan are met from the seafloor 

mining. In Nigeria, over 13.22million m
3
 of sand was dredged from the Lagos 

lagoon between 1984 and 1989 to sandfill about 522 hectares of the Lekki 

Scheme- I residential project (Awosika and Dublin-Green, 1994). 

Calcareous shell deposits are also mined for use in the lime and cement industries 

along the coast of Louisiana, Texas and Florida. It is also use as source of calcium 

oxide to remove magnesium from seawater, and when crushed, as gravel substitute 

along roads and highways. In the Bahamas Islands, sands are mined as a source of 

calcium of carbonate. The estimated reserve is in the order of 100 billion metric 

tons. Coral sands are also mined in Fiji, Hawaii and along the U.S Gulf coast. 

In certain areas of the world, the coastal sands contain tin, iron, uranium, platinum, 

gold and diamonds. These are either beach or offshore placer deposits. The 

offshore placers occur on the continental shelf usually within a few kilometers of 

the coast. They have been formed principally by the submergence of alluvial and 

or beach placers. An example is the " tin belt" which stretches for 300km from 

northern Thailand and west Malaysia to Indonesia (Batchelor, 1979). Here 

sediments rich in tin have been dredged for hundreds of years and supply over 1% 

of the world's market. 

With the development of more efficient dredges that are capable of working along 

storm affected coastlines, the life of these types of deposits will be prolonged. It 

has been shown that the life of the TiO2 rich offshore sands Haiman, China would 

increase from 28 to 56 years with efficient dredging. Such would enable the 

exploitation of the newly found monazite-rich sands off the north and 

Southwestern coasts of Sri-Lanka. Which occur at the depth of 10-15m about 8km 

offshore many offshore placers await exploitation and more will be discovered. 

In the continential slopes, mud bearing copper, Zinc, lead and silver also occur 



even though they lie too deep for exploitation considering the present demand and 

their market value. 

These sand and gravel deposits are the terrigenous materials deposited on the 

continential margin (Fig. 1 & 2). They account for 75% of the mass of marine 

sediments. The terrigenous materials of the coastal regions are primarily 

lithogenous, supplied by rivers and wave erosion along the coast. Also along the 

continental margins, biogenous sediments are diluted by large amounts of 

lithogenous sediments from the land. When marine life is abundant in coastal 

araeas, biogenous sediments may be formed from shells and corals. However, in 

the more homogenous environment of deep-sea, biogenous sediments account for 

the majority of the pelagic deposits. 

PHOSPORITE 

This is found in shallow waters as phosphorite muds and sands containing 12%- 

18% phosphate, as nodules on the continental shelf and slope. The nodules often 

contain about 30% phosphate. These can be mined to reproduce phosphate needed 

for fertilizers. Large deposits of phosphorite nodules are known to occur off 

Florida, California, Mexico, Peru, Australia, Japan, North Western and Southern 

where five of the eight beds located were estimated to contain 3 billion metric tons 

of phosphate concentrates.

The world's ocean reserve of phosphorite is estimated at about 50 billion tons. 

However the land reserve which is of the order of over 20,000 Mt (Cook, 1984) 

are not currently in short supply but controlled by few nations (U.S.A., USSR, 

Morocco and China ).These four nations account for about 75% of world output. 

Hence, political considerations may make this marine deposits attractive as mining 

ventures for some countries. So far no known commercial phosphorite mining is 

currently on in the oceans



OIL AND GAS 

Presently, oil and gas account for 90% of mineral value exploited from the sea. 

The major offshore fields are found in the Gulf of Mexico, the Persian Gulf and 

North sea, northern coast of Australia, Southern coast of California and coast of 

the Artic ocean. There are still many relatively unexplored areas of the world in 

the searvh for oil and gas. These include continental shelves of East Asia, South 

Africa, East Africa, Northwest Africa, South America and Antarctica. The recent 

discoveries of the giant oil active exploration along the Gulf of Guinea (Guinea 

Basin)

Although the cost of drilling and equipping an off-shore well is about three to four 

times greater than a similar venture in land, the large size of the deposits allow 

offshore ventures to compete favorably. It is a fact that the oil and gas potential of 

the deeper areas of the sea floor is still relatively known, but the cost of drilling 

and development will continue to be the main focus of ocean mining in the near 

future.

MANGANESE NODULES 

Manganese nodules are hydrogenous, pelagic deposits found scattered across the 

world deep-ocean floors (Fig 3). They are concentrated particularly in the red clay 

expeditions (1873-76) the last twenty-five years had focused on intense research 

and development of mining and exploration techniques by large mining 

corporations and multinational consortia. 

The valuable mineral content vary from place to place, but the nodules contain 20 

-30% manganese oxide with some Iron, 2-3% combined copper nickel and 0.25% 

cobalt. These values are much more higher compared to land ores. The greatest 

concentrations and best grades of the nodules are in the Pacific Ocean outside the 

territorial limits claimed by any country. Estimates of tonnages of recoverable 

nodules range from about 50 billion to more than a trillion tons. Roy (1988) and 



Glasby, (1988) estimated that whereas the total terrestrial manganese deposits 

amounts to about 6.4x 10
9
t, deep-sea manganese nodules formed since lower 

Miocene (12 Ma ago) hold about 10
11

 t Mn, i.e 16 times the manganese in 

terrestrial deposits. In areas where they are abundant, there may be more than 100 

per square meter forming a pavement only one nodule thick. They also occur at 

equally spaced distances from one another  where  they are less abundant. 

Although the development of economic methods for removing the nodules from 

the great depths is known, commercial production has been delayed because of the 

low prices of copper and nickel on the world market. Another primary reason for 

the delay is political. This relates to the issues of ownership of the pelagic nodules 

found in international waters, the details of which are being handled through the 

UN under the law of the Sea Treaty, which was completed in 1982. 

SULPHIDE MINERAL DEPOSITS 

The occurrence of sulphide mineral deposits of Zn, Fe, Cu, and possibly Ag, Mo, 

Cr, Au, and Pt have been reported in the 1970's and. They were  found along east 

Pacific rise near the Gulf of Califonia, the Galapagos Ridge off west coast of 

South America, and the Gorda Ridge off Oregon and northern California. The 

deposits were formed through hydrothermal processes and related to the late 

stages of rifting that led to the development of embryonic  oceans such as the Red 

Sea.

The Red Sea which has been studied extensively is notable for the occurence of 

metal-rich muds in some of the deep basins. The largest of the basins is the Atlanis 

II, which is 14 x 5km and 170m deep. At the base, multicoloured sediments 

usually 20m thick but up to 100m rest on basalts. The Atlantis II is the largest 

sulphide accumulation that has been discovered at the sea floor. It contains about 

227 Mt of metalliferous sediments of  which 90 Mt grades of 2.06%Zn, 0.45% Cu 

and 38.4 gt
-1

 Ag has been formed in the last 15000 years (Zierenberg and Shanks, 



1988). Feasibility studies are going on for their recovery. 

Resently, in Dec 1996, Binns et. al, discovered a new, very substantial, active 

hydrothermal system associated with felsic volcanic is at Susu Knolls eastern 

Manus Basin, Paupa New Guinea. The area has been recognised as a regional-

scale modern analogue for mineral field on the land that posses a variety of 

Volcanic-hosted polymetallic massive sulphide (VSM) and related sub-volcanic 

ores. The overall hydrothermal system as presently mapped extends 5km across 

Susu Knolls and 500m down slope. In the chimney samples, chalcopyrite is 

abundant and contains high level of gold and silver (22 and 125ppm) respectively. 

The copper level reaches about 20% in some samples 

SULPHUR

Sulphur is mined at the Gulf of Mexico by injecting high pressure steam to melt 

the sulphur, which is pumped ashore to processing plants. However the cheaper 

and  easier recovery of sulphur waste form pollution-control equipment has 

replaced all the mining operations by the year 2000. Sulphur is used for the 

production of sulphuric acid, which is needed in nearly all industrial processes. If 

there is the need to resume mining from the seabed, the millions of tons of sulphur 

reserves are known to exist in the Gulf of Mexico and Mediterranean sea which is 

needed in nearly all industrial processes. If there is the need to resume mining 

from the seabed, the millions of tons of sulphur reserves are known to exist in the 

Gulf of Mexico and Mediterranean sea. 

COAL

Coal deposits under the sea floor are mined when the coal is present in sufficient 

quantity to make the operation worthwhile. In Japan under the sea coal deposits 

are reached by shafts, which stretch under the sea from the land 



CONCLUSION

The seabed has vast potential  mineral resources with oil and gas being the most 

valuable. The contribution of land and gravel is notable whilst phosphorite nodules 

have potentials as fertilizer. Also manganese nodules rich in copper, nickel and 

cobalt constitute resources of the future when its status presently beclouded by 

disputes over  international law with reference to mining and shared technology is 

resolved. The discoveries of sulphide minerals in the deep oceans show these as 

potential resources of the future and it has further enhanced our knowledge on the 

genesis of volcanic hosted massive sulphide deposits. 



 TABLE 1: SUMMARY OF MINERAL RESOURCES OF THE OCEAN 

MINERAL RESOURCE LOCATION/WHERE MINED RESERVES 

&

ESTIMATE 

(Mt) 

ANNUAL 

PRODUC

TION 

(Mt) 

PORTION  OF  

OCEAN BASIN 

A SAND AND 

GRAVEL (1) Sand 

and Gravel (Building, 

landfil, construction 

of artificial beaches 

materials). (ii) 

Calcareous shell sand 

deposit (for Lime and 

Cement, substitute for 

sand and gravel (iii) 

Coral sand (Sources 

of calcium  carbonate. 

(iv) Beach and 

offshore placer (rich 

in Sn, Li,Fe,U,Au,pl, 

TiO2, Monazite (v)  

Mud bearing Cu, Zn, 

Pt, Ag. 

USA, Japan, Nigeria all coastal 

beaches/lagoons.    louisiana, Texas, 

Florida.    Fiji, Hawaii, Bahamas, Gulf 

Coast. Thailand, Malaysia, Indonesia, Sri 

Lank, China (Hainan)   

600 Billion 112 

Billion 

Near shore and 

Continential shelf 

"  "  '  Continental 

shelf 

B PHOSPHORITE Florida, California, Mexico, Peru, 

Australia, NW & S. Africa, North 

Carolina, Onslow Bay 

50 Billion  Continental shelf 

C OIL AND GAS Gulf of mexico, persian Gulf, North Sea, 

Northern Australia, Southern, South 

California, Arctic Ocean, West Africa, 

(Guienea & Angola Basins) East Africa 

  Deep Ocean 

Floor, (Ocean 

Rises)

D MANGANESE 

NODULES 

Pacific ocean 50 Billion 1 

Trillion 

 Deep Ocean Floor 

E SULPHIDE 

MINERALS 

-East Pacific rise near Gulf of California. 

-Gala Pagos Ridge off West Coasts of S. 

Amrica.- -Gorda Ridge off Oregon & 

Northern California -Red Sea (Atlantis II 

Deep). -Sus Knolls, Mauns basin, Paupa 

New Guinea. 

  Ocean Ridges 

ands Rises 

F SULPHUR Gulf of Mexico, Mediterranean Sea.    

G COAL Japan.    
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