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ABSTRACT

Mineral resources are present offshore either as bedrock or
sipét?iciil:dép031ta. "~ Bedrock deposits include petroleum, -coal, sulphur,

evaporites, and metals. Many of these deposits can be exploited in shallow

‘water using currently-available technology including drilling platforms,

solution extraction, and underground mining from onshorg installations
which extend offshore. Genetically, there are two kindq_of superficial
deposits; those ihich formed on the continent but which were subsequently
submerged by_fhe pqst-glacial rise in sea level, (lateritic deposits and
some typea of placer deposits). and those which have formed under submarine
conditions at the present time or in the recent past. Deposits of this
second .group include construction materials, some placer deposits,
phosphorites, and glauconite, all of which are found ﬁrinarily on the shelf
and upper sloﬁef‘ and deposits of the deeper oceans, including deop;sea oozes,
manganeée nodules, and metalliferous muds and brines. Dredging techniques
are used for exploiting superficial deposits in shallow waters; various
types are being tested, or are planned for the deeper-water deposits.
Although it.is probable that many offshore mineral deﬁosita will not be ex-
ploited in the»near future, they navértheleaa constitute long-term resources
of considerable importance.
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»ABathymetry of the ooeans.

Schematic representation of the structure of the contlnental

_margin and  ad jacent ocean, and the location of mineral deposits.

Vertical extent of offshore mineral déposita.

Some offshore mining methods in use at the present time or
likely to be used in the future.

'?leistocene sea~level changes (after Mormer, 1971)

Location of some offshore mineral deposxts (after

McKelvey and Wang, 1971).

Offshore phosphate deposits (after McKelvey and Wang,
1971 and other sources).

(Photograph). Portion of a phosphatic pavement from off the
East Australian coast. .

(Photograph). Phosphorite nodules coated with a calcareous
veneer; sample off the northwest Tasmanian coast.

Distribution of manganese nodules (after Horn, 1972) and

the rate of sedimentation (after Lisitzin, 1972). High
ooncentrations of manganese nodules are evident in areas
of slow sedimentation.

(Photograph). Manganese nodules, from thé Southern Ocean.



~ In response to a growing awareness of the finite nature of onshore
mineral-deposits -and thefgreqtvxechnologicalgadyapcgé,gtfjgg ﬁgétégqftgf39 7
years, man's attention is turning increasingly to the ninara; resourées of
the oceans.  The oceans cover 70.8 percent of the earth's surface (Table 1).
Much of this area is still relatively unknown, but already we know of many
ninéral.depouita on the underlying Qeafloor. The ocean is not however a
vast cornucopia of minerals just waiting to be exploited. .?hgucobts of
developing an offshore niﬁera; deposit aro generally very considerable.
Most of the known deposits are uniikely to be dcvelopéé énriﬁéhfhia century.
Nevertheless they may constitute an important rououfcé.fof'fhe future and
each will be exaninad here briefly, whether development is ilminent or not.

Before discnssing the mineral deposits, it ia nocoasary to conaider

first the variqus geological and physiographic divisions of the earth, and
particularly th§ oceans, because of the bearing these have on mineral |
potential. The crust is divided into oceanic crust and continental crust.
The continental crust is composed of light sialic rocks. and underlies the
continent and the continental margin including the continental shelf, the
slope, and possibly the rise (Fig. 1). Oceanic crust underlies the deeper
abyssal regions of the oceans; it is iron-rich, and gene;ally basaltic.
Thus physiographically and geologically there are two different provinces,
each with its own particular features and mineral potential (rig. 2). The
continental_margina vhich extend from the high water nérk to the bage of the
slope at a-depth of 4000-5000 » have many geological (and mineral)
affinities vith.the onshore continental mass. The coﬁtiﬁéntal shelf in
particular is commonly underlain by much the same geological succession as is

present in the adjacent onshore area. The abyssal gone on the other hand

has many unique features, particularly the very slow rate of sedimentation in



TABLE 1

AREAS OF MAJOR PHYSIOGRAPHIC FEATURES OF THE WORLD'S OCEANS
(after Menard and Smith, 1966)

area percentage

(millions o of

of ka) _ the seafloor
Land 143 -
Ocean 362 -
Continental shelf : . BT 7.5
Continental slope 28.3 7.8
Continental rise 19.2 53
Mid ocean ridges 118.6 32.7
Abyssal plain 151.5 41,8
Trench & associated features 6.1 1.7
Miscellaneous (volcanoes, etc.) 11,2 3.2
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Figure 1. Bathymetry of the oceans.
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most deep-water areas, the attendant thin sedimentary sequence (seldom

more than 100Qim,ﬂand commonly. very much less).;:,Thiguis,;eflégigd in the _

- fact that the mineral dépoaits found in the deep oceans are rather different

from those found on land or on the continental margin.

Reviews of offshore minerals published in recent years include

those by Emery and Noakes (1969), McKelvey and Wang (1969), !ero:(1965),

Noakes (1970), Hoakes and Jones (1975), Keiffer (1968) and the United Nations
(1970, 1972). A number of these publications hléo deal with technological,
econonic.and'legal aspects of offshore mineral deposits. .In th;s.brief
reviev I shall dea; primarily with the occurrence and genesig of offsho;o

mineral deposits, and where possible will consider Australian examples.

TYPES OF OFFSHORE DEPOSITS

The two basic types of'offshoré mineral deposits are termed here
"guperficial® and "bedrock” (Table 2).. Superficial deposits are located on.

the aeafldor and generﬁlly extend no mbre than a few metres below the

, sedinent-water-interface. They have formed pfedoninantly, though not

exclusively, in résponao to marine conditions prevailing at the present time

or in the fairly recent past. A small group of superticial deposifé are,

however, the aﬁbmerged counterparts of onshore deposits; ithese iﬁélﬁde
lateritic iron and bauxite, both the produpt of iateritic-ieathering; piacer
ﬁépoqits such as gold, tin and diamonds, which afe found in drowned river
gravels or drowned glacial outwash deposits. Bedrock dépoaits occur at
depths of uplto thouéqnds 6flmetroaibelov.tﬁe sedilant;vgfef-intérface and
rgpresent the eub-aquéoﬁs equivalent of onshors mineralldepésits, including
petroleum,coal, metalliferous deposits, éulﬁhur and evapdfitéé;  ﬁeposita

of this type appear to be abundant under the shelf, present to a lesser '



TABLE 2

OFFSHORE MINERAL DEPOSITS

ENVIRONMENT SUPERFICIAL | | BEDROCK
TYPE OF DEPOSIT EXAMPLE : ‘TYPE OF DEPOSIT : EXAMPLE
‘ : 3w ' L : S '
bauxite ; chemical 3 £] Solomon Island . oil & gas ” Bass Strait, North See
ba : lateritic iron) weathering ) 5 3| , , : o
TorEmrommo | gold, tin, diamonds (placex) g-§ ' SE Asia;- SW Africa. ¢ WL, L o saw L fumERE L n Yug s
o - . gravel (comstruction) & 2| North Sea - =~ - metalliferous deposits | SW England
CONTINENTAL rutile, zircon (mineral sands) E Australia , sulphur Gulf of Mexico
SHELF siliceous sand. (construction) E U.S.A. : - | evaporites North Sea
carbonate reef and sand Queensland
manganese nodules British Columbia
phosphorite . NW Tasmania; SW Africa
barite nodules ' Indonesia oil & gas Gulf of Mexico,
N Atlantic
CONTINENTAL “manganese nodules and crusts Pacific : _
SLOPE glauconite New Zealand EESRL LSt Tasmania
& phosphorite Chile g A | Gulf of Mexico
RISE carbonate mud and ooze e '. ;_ Red Sea
DEEP OCEAN | phosphorite - ; e | ' EIndian Ocean. = oil & gas - | Sigsee Enolls
(ABYSSAL PLAIN carbonate reef Central Pacifiec evaporites . A Red Sea
& glauconite ' Pacific
SEAMOUNT MID- siliceous ooze widespread
OCZAN RIDGE, carbonate ooze widespread
TRENCH) metalliferous muds and brines Red Sea; E Pacific
manganese nodules Central Pacific
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extent under the slope and possibly the rise, and rare to absent in the

--abyssal -zone (Pig. 3).

BEDROCK DEPOSITS

Petroleun

Petroleum is dealt with by Hopkins (this volume) and is not
considered in detail here. Weeks (1969) has estimated that proven offshore
recoverable feservea are of the order of 90 billion bairels. Tofal
reserves are likely to be considerably in excess of thié but our present
lack of knowledge of the deeper-water sediments inhibits our ability to give
an accurate forecast. The sediments underlying the outer shelf and the
slope are likély to contain major petroleum fields in many parts of the world.
Foundered portions of.the.continental margin, such as the Exmouth Plateau
off northvesfern Anstfalia. may be important petroleum producers in the future.
Little is known about the sediments of the continental rise, although Emery
(1969) considers that there is likely to be a lack of suitable reservoir
rbcks in these sediments., The sediments of the abyséal zone are generally
tod'thin and commonly too poor in organic material to constitute good
potential petroleum producers. Nevertheless they cannot completely dis-
counted as 0il and gas has been penetrated in deep water during the course of
the Deep Sea Drilling Project. This includes the Sigabee site in the Gulf
of Mexico, which eﬁcountered oil and gas at a water depth of 3582 m (Ewing
st al., 1.969), and in the Tasmanian region at Deep Sea Drilling Sites 280 and
282 (water depths of 4181 m and 4207 m respectively) where oil staining was
also encountered (EKemnett, et al. 1975). The presentllil;tations to the ex-
ploitation of 611 and gas beyond the shelf edge are imposed more by technology o
than geology. As the necessary technology is developed, there seems little 6%9
doubt that an increasing proportion of the world's petroleum production will

come from offshore,



Coal

Subsea coal scams have been exploited from onahore-baséd underground
wine vorkings for many years off the coasts of Japan, the United Kingdom,
and Canada. A number of the east Australian sedimentary basins which are
coal=-bearing onshore are_knovn to extend offshore. The offshore Sydney Basin
in particular ig‘likoly to contain coal seams of potential economic
impoftance, vhich might feasibly bé worked from shore-based workings. Coal
geams undoubtedly extend to the edge of the shelf in pléces. fheir extent
in the slope sediments is less certain though it is reasonable to assume that
they will be considerably less abundant there than under the shelf. There
are reports of coal from deep water; brown coal was reported from site 214
on the Ninety Bast Ridge at a water depth of 1665 m and a depth of about 400 m
below the sediment-water interface (ronider Borch gt gl.,1974). It is highly
unlikely that subsea coal will be mined any further than a few tens of kilo-
netres from the present shoreline in the.foresoeable futura. The United
Nations (1970)-p£edicts that with existing technology, conventional mining
operations could be extended subsea up to 24 km fro; the coastline, and that
changes in technology could extend this as much as 50 km from the shoreline

within the next 20 y ears.

Hetalliferous Depoaits .

Host types of onshore metalliferous deposits might reasonably be
expected to be present in places under the continental shelf. The summary
by the United Nations (1970, p.41) reports that "more than 100 sub-sea under-
ground mines with inclined or vertical shaft entry fron'land, island; or
artificial islands have recovered minerals such as coal, iron ore, nickel-
copper ores, tin and limestone off the coasts 6! Australia, Canada, Chile,

Finland, France, Greece, Ireland, Japan, Poland, Spain, China (Taiwan),

. D NS U S N Sy S 0w y 0 w E v Sy v N R m by
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likely to be used in the future.




Turkey, the United Kingdom and the United States". Except where mining is
carried out under a very shallow rock cover, subsea mining does not pose
severe technological problems and conventional mining techniques can be
employed for the most part. The major limitation is posed by having shafts
extending considerable distances from the mining entrance resulting in major
logisticgl and economic problems. Offshore shaft nihing either with a
surface or sea-bofton entrance may overcome this problem (Fig. 4). It is
reésonable to eﬁpect that subsea metalliferous mining in bedrock may
eventually extend to the edge of the continental shelf in places. Whether
there are likely to be metalliferous deposits of any significance in the
bedrock underlying the slope is not known. However, if any high-value
metalliferous depbsits are present and the shelf is narrow, bedrock mining
might conceivgbiy continue under the upper part_of the'slbpe. One of the
few positive indications of mineralization in bedrock in deep ocean areas
comes from the results of Deep Sea Drilling (Site 282) off northwest Tasmania

where native copper has been reported in basalt. (Kemnett et al., 1975).

Sulphur

Native sulphur is obtained from salt domes in the Gulf of Mexico
area, using the Frasch extraction process (Fig. 4). Offshore extraction has
been undertaken at two sites and a number of other salt-domes underlying the
shelf in the Gulf are also likely to contain sulphur. In addition, drilling
of the Sigsbes knolle proved the presence of sulphur in a water depth of 3582
metres. Salt 3omes are present offshore in many parts of the world,
particularly underlying the shelf and the slope (e.g. off northwestern
Australia). Diapiric structures are also present in the abyssal zone e.g.
in the northeast Indian Ocean but commonly there is no indication of whether
these diapirs are salt domes or clay diapirs. Outside of the Gulf of Mexico,

"no offshore sulphur-bearing salt domes are known, but the geological conditions

W
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prevailing in diapirs elsewhere, are commonly similar to tﬁoae encountered in
the Gulf of Mexico, and drilling of such structures should ultimately result

in the discovery of further offshore sulphur deposits.

)
Evaporites

Salt &opoaita are abundant in onshore and offshore sedimentary
basins in many parts of the world, including Australia. Australian
ocourrences include the Bonaparte Gulf where halite 15 present in both bedded
and diapiric foruﬁ, the offshoro portion of the Carnaivon Basin where there
are up to tens of metres of bedded salt deposit, andathe Browse Basin in the
Northwest Shelf and the offshore Capricorn Basin (at the southern end of the
Great Barrier Reef) where there are thin beds of anhydrite. The offshore
portions of the Canning Basin and the Adelaide Geosyncline may also contain
salt Sut have not been tested by deep drilling. There are no known offshore
occurrences of potash in the Australian region.

Salt deposits also extend under the slope and 1nto the abyssal zone.
Deep Sea Drilling has established the presence of evaporites in the Red Sea,
the Hediterranéan, and the Gulf of Mexico, and analyses of pore waters also
ighicato that salt deposits are present near the Timor Trough (Veevers et al.,

1974) and elseﬁhore.
SUPERFICIAL DEPOSITS

Unlike bedrock subsea mineral deposits, superficial deposits must
be mined off thé sea bottom using extraction plants whigh are either floating,
submersible, or semi-submersible (Fig. 4). In very shallow water the same
mining procedures (dredges) can be used as for shoreline deposits but more
commonly new methods are necessary, involving long suction lines, or bucket
ladders, submarines, and various other sﬁhisraible mobile mining systeas ,re

necessary in deeper water. ' :
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In general, costs must be expected to increase substantially with increasing
water depth.
Bauxite and Lateritic Iron

Bauxite and ferruginous laterite are onshore superficial deposits
formed in respoﬁLe to lateritic weathering, and in places such deposits are
present offshors as a consequenée of relative sea-level changes (Pig..S).
An exploration pirogram for bauxite was recently undertaken in the Gulf of
Carpentaria, offihore from the Weipa deposits but results do not appear to
have been'encduraging. Offshore bauxite deposits occur in the Solomon
Islands and afe believed to be of commercial interest, but no detailed in-
formation is available. Elsewhere little or n6 offshore exploration appears
to have been undertaken for deposits of this nature, élthough they are likely
to be fairly widespread, particularly at low latitudes where there has been
extensive lateritic weathering. In view of the abundance of onshore deposits,

any such deposits are unlikely to be worked in the near future.
Gold and Tin

The hegvy placer minerals, gold, tin, platinum and chromite, termed
the heavy minerals by Emery and Noakes (1969), are normally found in fluvial
gravels, 15 km of less from their source. Because of their high specific
gravities, they ¢re seldom, if ever, transported in the marine environment.
They are hoveverbpresent in offshore Pleistocene stream beds, as extensions
of present-day continental placer deposits which have been submerged by the
post-glacial rise in sea~level (Fig. 5). Such deposits are unlikely to extend
far across the shelf because potential source areas are likely to have been
covered by a veno;r of older interglacial sediments which would have protected

them from erosion.

Beach dgposits at Nome, Alaska, have yielded an estimated 190,000 kg
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of gold (Archer, 1972), and as a consequence active exploration programs have
been undertaken on the Alaskan Shelf. Significant quantities of éold have
been found in many areas imt no offshore mining has been undertaken. Gold
and tin have also been reported in the Soviet seotor of the 3ea of Japan, but
no attempt ha.s been made to exploit these deposits. Exploration leases for
of fshore goid were taken out off the south coast of New South Wales some
years ago, in an area adjacent to an old onshore gold"working. The company
(Planet Gold Ltd) did not announce the results of the survey,but as it sub-
sequently rolinquished the leases it is reasonable to assume that the
results were nof: encouraging.

Offshore tin operations have been more successful. As early as
1907 tin was dredged offshore. Until recently the dredges operated only in
sheltered waters but now they have mo?red into more open waters and work in
water depths of up to 40 m.} Dredges have operated successfully off the
coasts of Malaysia, Indonesia and Thailand (Fig. 6). Exploration has been
uﬁdertaken in other parts of thé world, and cassiterite-bearing sands have
been reported éff Cornwall (Lee, 1968). No commercial deposits appear to
have been discovered on Australian waters; a limited éxploration progranm
hé.s been undertakeﬁ offshore from the North Queensland Herberton tinfields,
but as Noakes and Jones .( 1975) point out the finfields are some distance
inland and are unlikely to have‘ contributed any eignificaht amount of tim to
the coast. Some exploration was carried out in the Oyster Bay &!.rea. off
Tasmania. A more comprehensive exploration program was undertaken off
northeast Tasmania near Ringarooma Bay by Ocean Mining A.G. on behalf of a
congortium of companies. The program included geophysical surveys to
determine the course of the Pleistocene Ringarooma River and an extensive
drilling program. Intersections of tin wére recorded in a number of the

drillholes; however, Young (1969) reports that overall, tin concentrates

.
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were rather patchy, but detailed work might delineate richer patches. In-

creasing tin prices may revive interest in offshore Tasmanian tin deposits.

Diemonds

Diamond~-bearing deposits are of very limited onshore extent, con-
sequently it is not surprising that offshore diamonds hgvé been reported
only off the coasts of southwest and southeast Africa (Fleming, 1972; Kesbitt,
1967). Diamonde are found there in both modern beaches and Pleistocene
beaches which have been suhnergbd by the post-glacial sea-level rise (Eig. 5).

Some of the diamonds are found in gravel deposits which are believed to have

~ formed when energy conditions were greater than those encountered at the

present day (Murray at al., 1970). The distribution of some of the diamond-
bearing'sedinenta‘to the north of the Orange River (tﬁé principal source of
the diamonds) is probably the resulf of present-day cuxrsht patterns. '
The De Beers group has undertaken an extensive program off Southwest
Africa, and has successfully dredged (by air-lift) dianond-bearing sediments
from water depths of 40 m. The offshore deposits are of a higher grade than
the onshore depo;itn. By 1969, some 0.75 million carats had been mined
offshore but operating costs were considerably in ozcess‘of those of onshore
mining, and offshore operations are believed to be suspended at the present
time., Pew (if any) other offshore areas in the world afe regarded as
having any potential for diamond~bearing sediments because of the lack of

nearby diamondiferous source rocks.

Sand and Gravel

Extensive sand and gravel deposits are present on the continental

shelf in a number of areas, particularly off the coast of western Europe and

the northeastern United States (Pig. 6). The European and North American
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gravels are believed to be derived from the Pleistocene glacial and
fluvioglacial deposits which were deposited on the shelf areas dur;ng the
last low sea-level stand. Consequently, the gravels are mostly continental
deposits which have been subsequently submerged. Much of the sand in these
areas is probably also derived from glacial and fluvioglecial sediments
which have also been subjected to redist:ibution by the prevailing currents.
In addition, sands are also being carried onto shelves by present~day coastal
drainage. |

Siliceous saﬁdl and gravels are used extensively as construction
materials, and increeeingly in Burope and the United States these commodities
are being obtained offshore (Pig. 6). In 1968, the United Kingdom obtained
10 perceﬁt of ite sand and gravel needs (equivalent to 11 million tons and
worth £6.5 million) from offshore sources (Dunham, 1970). By 1970 the
~ amount dredged_had increaeed to 13 million tons, equivalent to 12.4 percent
of the total production of send and gravel in the United Kingdom. Archer
(1972) reports that dredging vessels operate competitively with onshore
deposits, up to 120 km from the home port and in water depths of 60 m. 1In
the United Statea, wvhere offshore aggregates providee 2 to 3 percent of total
production, leat of the material is from estuaries rather than the open
shelf. It is likely that there too the search for suitable aggregates will
extend onto the shelf. |

Information available on the east Australian shelf (Davies and
Marshall, 1972) indicates that the chances of finding suitable sand and
gravel are not‘particularly geod owing to an abundance of carbonate and a
lack of coarse sedinment (because of the absence of gleeial sediments).
Nevertheless, there is an increasing need fo f£ind suitable sources of offashore
sand and gravel for the FNewcastle-Sydney-¥Wollongong conmurbation, which is

likely to act as a catalyst for further offshore exploration.



Carbonate

. - -Calcium-carbonate is used extensively in the eomstruction industry
particularly in concrete manufacture. It occurs in the form of jip gitu
reef material, as carbonate sands and gravels derived either from the break-
up of reefal material or from shelly detritus, ocolitic deposits, and as
carbonate muds and ooses. All of these forms are of biochemical origin.

Coral reefs are abundant along many tropical ;nd sub-tropical coasts,
including those of northern Australia. Currently, dead coral reef is
dredged from Moreton Baj, Queensland for the local cement industry. The
Barrier Reef contain enormous quantities of calcium carbonate (mainly
aragonite) but environmental consideration would preclude mining of the reef.
Carbonate-rich sediments are present in many other parté of the Australian
shelf in environmentally less sensitive areas such as.the Gre;t Australian
Bight; while onshore deposits of limestone are adequate in most areas, local
demand might stimulate small-sgcale offshore operations in the future.

Elsevhero,.a number of carbonate dredging operations have been
established including dredging shell banks off Iceland in 45 m of water.
Oyater shell accummulation in shallow bays off Texas, Louisiana and Florida
are also mined, total production from this source in 1968 being 18 million tons
with a value of about $US 30 millions (Archer, 1972). | Aragonitic muds are
also extracted (by suction dredging) from a water depth of up to 30 m on the
Bahama Banks.

Enormous quantities of carbonate ooio, ro-uiting from the @ccunmula—-
tion of the tests of calcareous micro-organisms, particularly foraminifera,
are found on many continental slopes and nﬁrginal plateaux within 40 degrees

of the'equator and where there is little or no terrigencus sedimentation.

The deposits extend to the carbonate compensation depth at approximately
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4000 - 5060 metfes. Below this depth calcium caibonate dissolves. Some
areas of the abyssal plain are covered by calcareous coze as a result of
abnormally high carbonate productivity in the surface vaters (e.g. near the
equator) or as a consequence of turbidity flows bringing cgicareous slope
sediments into the abyssal zone. It is unlikely that any of these deep-sea
carbonates will be mined in the foreseeable future, because of the presence

of virtually unexhaustible supplies on the continents and the shelf.
Mineral Sands

Rutile, zircon, ilmenite, magnetite and monarite (termed the light
heavy ninerals.by'Enery ahd Noakes,.1969) are present a8 beach deposits in
various parts of the world including Australia, Brasil, Ceylon, Egypt, India,
New Zealand, anvaﬁpan (Pig. 6). From previous discussions on the use of
onshore deposits as indicators of th; presence of offshore deposits and also
the effects of Pleistocene and Holocene sea-level changes, it would be
reasonable to expect fossil strandline deposits to occgr:sealard of the
beach deposits.

An extensive exploration program was undertaken off the east
Australian coast between Newcastle and Brisbane by Plangt Metals (Brown and
MacCulloch, 1970) using various drilling and sampling techniques and an
accurate positioning system. A number of strandlines were identified at
about 30-36m, 79-80m, and at 120 m. Only the -30 metre beach was examined
in detail. Noakes and Jones (1975) refer to offshoroinineral sand reserves
of 375 million tons with rutile plus zircon averaging'o;zo to 0.22 percent.
This is significantly less than onshore gradoal(averaging 0.3 to 0.4 percent),

and consequently the offshore deposits are uneconomic at bresent; however,

onshore environmental considerations, particularly the high cost of restoring
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dunes to their pre-mined condition, could radically alter the economics of

onshore operations and may make the offshore deposits a much more attractive

Bass Strait, and might also be expected offshore from the ilmenitic beach

deposits of central Queensland and southwestern Western Australia, but any

~accunulations are likely to be even more marginal than those already dis-

covered between Newcastle and Brisbane. Despite this, all of these deposits
constitute an important resource for the future. In addition further
exploration programs and improvements in metallurgical technology could up-
grade the prospects of many areas. |

Iron sands, composed primarily of magnetite, form beaches in
several parts of the world, particularly volcanic regions. These have been
vorked offshore in Japan and New Zealand where they are mined primarily for
domestic consumption. Japanese offshore production reached 1.4 million
tons in 1964, éonétituting approximately 3 percent of ihe total Japanese
production (Okana‘ggJuv, 1968). Although reserves are large (approximately
650 million tons) the deposits are both low-grade (9% iron) and titaniferous.
The New Zealand deposits also have the disadvantage of high titanium content.
The abundance of high-grade onshore iron deposits makes it difficult for
offshore iron_sands to compete, but it is likely that these and other low-grade
deposits will continue to be used locally because of either distance from
alternative sources, strategic consideration or the need to conserve foreign

exchange.

Phosphate Deposits

There are three types of phosphate deposits - phosphorites, guano
(or gnano-derived) deposits and igneous apatites. "Bedrock"-type igneous
apatite bodies such as these of the Kola peninsula in northeastern Russia

might be ﬁresent under the continental shelf, but such deposits are rare on
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TABLE

MAJOR ELEMENT COMPOSITION OF OFFSHORE PHOSPHORITES

% % % % % % % % l

P20 5 Cad 002 F 8102 1112.03 I~‘e203 Mg0 I
hard nodules 32,74  46.42 6.33 3,02 0.15 0.04 0.20 1,70
gsoft nodules 15.73 24.90 2.31 1.60 22.23% 6.11 2.79 1.8*
hard nodules 25.62 38,64 3.04 2.55 12.30 3,31 1.79 1.60
hard nodules 10.0 17.7 4.1 1.05 10.6 2:% 40,2 2.55I

Samples 1 and 2 from the southwest and African shelf;
samples 3 and 4 from the Chile shelf (after Baturin, 1971);
sample 5 from the Tasmanian shelf (Cook, unpubl.).
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land and would be difficult both to discover and to work commercially off-

shore.

© ~ Gdanc deposits ocour widely (White and Warin, 1964; BHutchinson,
1950), particularly in areas with a high organic productivity in the
surrounding ocean, and where the island is isolated (Fig. 7). Those factors
produce a large bird population, and an attendant abundance of avian guano.
In some instances the guano forms a primary source of phosphate. More
commonly, tropical weathering and'leaching produces phosphate -~ rich ground-
waters which phosphatize the underlying rocks, generally reef limestones,
though in some cases there is also phosphatization of underlying volcanic
rocks such as on Christmas Island in the northeast Indian Ocean (Trueman f965).
Some such guano-derived deposits have been submerged below sea-level as a
result of a relative rise in sea-~level. Offshore deposits of this fype have
been prospected for in the central Pacific by Barrie (pers cbnn), and Cook
(1974) has used bceanographic data for the southwest Pacific to delineate
areas where offshore deposits might also be found. In the Indian Ocean,
Bezrukov (1973) has discovered a number of seamounts capped by phosphate,
which are thought to be submerged guano deposits. |

Offshore phosphorites are more extensive than guano deposits. They
are now known to oécur off southern Africa, southern California, Baja
Californisa, tﬁe eastern United States, northwest Afric#. southeastern South
America, northern Chile and Peru, the Andaman Island (Indian Ocean), eastern

Australia, northwest Tasmania, and the eastern and southern coasts of the

South Island of New Zealand (Pig. 7). EKolodny (1969) and Kolodny and

Kaplan (1970) have shown that most of these shelf phosphorites are residual
phosphorites of Tertiary age. Phosphorites are fbrning at the present day
off southwest Africa (Baturin, 1969, 1970, 1971; Baturin et gl., 1972) and

off Peru and northern Chile (Veeh ot al., 1973). Both areas are regions of
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extensive upwelling and abnormally high 6rganic productivity. For mahy

years it was thought that the callophane (carbonafe-fluorapatite) pré-
cipitated inorganically in the water column, 1q response to an increase in pH
as the cold water ascended (Kazakov; 1937). Hoye#er, it_noﬁ appears that
phosphorites form primarily by the fhpaphatization of sediments beiov the
sediment-water interface. This produces localized patches of colloﬁhane;
Increased current velocities and/or changes'in seapleveljlead fo subsequent
réworking of the sediments. The coarser patchés of pﬁosphatized sedineﬁt
remain as a lag deposit and the finer matrix is vinnbved éut. resﬁiting in the
phosphatic sediment being uégraded to a high-grade phosphorite (CQOk, 1967;
1975); This upgrading is also demonstrated in Table 5 by the increasing
P205 content of offshore deposits,_wifh increasing lith;fiqatiop. '_ '

The phoéphorites presently expoéed on the shglf are in the fp;m of
consolidated beds or pavement (off parts of southern California), nodﬁles
Algulhas Bank; Blake Plateau), sands (off Baja California), and mude (off
Chile and Peru). They occur in vater.depthe ranging from 50 m or less off
Baja California to 3800 m off the Algulhas Bank. The deep-water phosphorites

are probably allochthonous. The Peruvian — Chilean phosphorites occur at

water depths of 100 to 400 m (Veeh et al., 1973), vhereas those off southwest
Africa are forming on the inner shelf between 50 and 150 m (Senin, 1970).

In the'Austrélian region, offshore phoéphorites are preseht on the

outer edge of-the east Australian shelf (!arshall, 1971, Von der Borph, 1970)
as a capping on some of the seamounts of the Tasman Sea (Pig. 8), and on the
vest Tasmanian shelf (Fig. 9). Similar phosphorites are also ¥nown from the
Chatham Rise and the Campbell Plateau (Norris, 1964; Summerhayes, 1967a;
wdttera, 1969) of New Zealand. All the'knovn Australian occurrences hrg
fairly low grade (Table 3) and are of the nodular fype, with few conséliaated
beds. All are believed to be Tertiary (Miocene?), though there may have been

some more recent surface phosphatization.



m Known offshore phosphorite deposifs Fotantiol arecs for offshors phosphorite deposifs @ Guano or phosphatised rock occurrences (coastal or insular)

Figure 7. of fshore phoaphate deposits (after McKelvey and Wang, 1971,
' and other sources). ] .



Figure 8. (Photograph). Portion of a phosphatic pavement from off the
East Australian coast.

<



Figure 9. (Photograph). Phosphorite nodules coated with a calcareous
veneer; sample off the northwest Tasmanian coast.
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The east Australian deposits range in water depth from 197 to 385 m

and contain up to 21.2% P The Tasmanian phosphorites which were dis-

205.
covered Pyrocean Mining A.G. range igwtgﬁgf?gggﬁyrgrqm 65-155 m and contain?
up to 26 percent PZOS' Ho estimate of reserves is available though the
Tasmanian deposits are probably considerably larger than the east coast
deposits. Thua, at fhe present the Tagmanian phosphorites, being both richer,
more abundant and in shallower water than the East Anstrﬁlian deposits are of
greater commercial interest. However, in common with all other offshore
phosphorites they have the disadvantage of being a fairly low-priced commodity.
Recent steep price rises ¢o about $US70 per ton (April 1975) are unlikely to
continue as there are abundant onshore supplies. Under the present pricing
conditions, some offshore phosphorites could probably be extracted economically
for a local market. The phosphorites off southern California have attracted
much interest from mining companies (Wilson and Mero, 1966) in the hope that
the high costas of dredging (probably in excess of $US20 per ton) can be
offset by the nearness of the southern Califormian market.

| Although numerous offshore phosphorites are already known (rig. 7),
there are prospects for finding further depoeits, partiocularly in areas of
known upwelling and slow rates of terrigenous and carbonate sedimentation in-

cluding the west coast of Australia (though resulte obtained by Jones (1973)

have been disappointing)off west Africa, Portugal, the northwest Indian Ocean,
and the Andaman Islands. Many other potential'areas could probably be

identified, initially using available oceanographic data and then detailed

marine chemical work, underwater scinitillometers (Sumérhagea at al., 1970)

and extensive bottom - sampling programs. Whether an expensive offshore ex-
ploration program can be Jjustified on the Australian contipgntal margin is
.perhapa questionable in view of the abundance of onshore deposits in northwest
Queensland. Hovever,d;s phosphorites are also inportantl'hosts' for uranium

and rare earths, their future significance cannot be gauged solely on the basis
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of their phosphate content.

Glauconite

Glauconite is abundant on many continental margins, particularly
those with a alov_rate of terrigenous or calcareous-nqdilontation, and where
the waters are warm. Deposits are particularly conﬁon on the upper part of
the slope between @bouf 200 and 1000 m, but som§ are also found in the |
abyssal szone. ‘It is uncertain whether these deep glauéonite depoeits‘are
the result of in gitu formation, or have been carried into the abyssal zone
by turbidity currents.

. Glauconite is used as a water softener, and as a source of potassium;
it may also be used as a diroof-application aoil-addi£ive; No detailg are |
available on the economics of offshore glauconite nining; though therevare
" probably sufficient onshore glauconite deposits to make éffbhore extraction
uneconomic in mdat areas for some considerable time. However Norris (1964)
suggests that in view of the high rate of potash application to New Zealand
soils, the glauconite deposits of the Chatham Rise merit consideration as a

80oil additive for the New Zealand market. Glauconite is present as an

accessory ninerai (up to 10%) in Australian shelf sediments (Jones, pers. comm.)
but nowhere is it known to be sufficiently abundant to constitute a "greensand"
vwhich might merit mining in the future. However our present knowledge of the
Australian shelf is poor, and large deposits may be present particularly on

the outer shelf in areas where there is little or no sedimentation.

Barite nodules occur at scattered localities on the outer part of

the shelf and om the slope off Ceylon, southern California and Indonesia

Barite - | g l

(United Nations, 1970). They have also been intercepted at a number of

drilling sites in the Deep Sea Drilling Project. Offéhore barite is currently '



i

... AVERAGE COMPOSITION OF MANGANESE NODULES IN THE ATLANTIC,

Fe
Ni
Co
Cu

TABLE

PACIFIC AND INDIAN OCEANS (after Cronan, 1972)

Atlantic

16.18

21,82
0.297
0.309
0.109

Pacifio

19.75

14.29
0.722
0.381
0.366

Indian

18,03
16.25

. 0,510

0.279
0.223
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being nined off Alaska in up to 25 m of water. The barite is a bedrock
deposit vhich is mined by blasting and dredging (stevens, 1970). The |
econonics of this operation cannot, hovevqr, be compgred v;th a deep-sea
ba?itp nodulé prograﬁ because of the nearby, and pre-existing mining in-
frastructure in the case of the offshore Alaqkan‘bgd:ock barite. Barite
nodules appear to be too scattered for dredging opérationa to be competitive

with onshore mining.
Manganese

Manganese nodules (also known as polymetallic 6r nultimetallic
nodules) cover large areas of the sea floor (Fig. 10); They are most abundant
on aﬁyasal plains_but are also present on marginal platéaux (e.g. Blake
Plateau) and in places are found in shallow nearshore vatera (e.g. the Baltic
Sea and the Arctic Ocean). Manganese incrustations occur in places,
particularly on ﬁid-ocean ridges and adjacent to submarine fumaroles. _ How-
ever, only the abyssal zone nodules are of present ﬁomnéréial interest.

An eitensive literature on manganese nodules h;s developed in the
past few years déaiing with their occurrence, geochemihfiy; genesis and ex-

- ploitation. Conaequently it is only intended to deal with the topic here in
outline. Detailgd_accounts are given by Bezrukow and-Andrushchenko (1974),
Cronan and Tooms (1969), Glasby (1972a), Horn (1972), Hpa et al. (1972),
Hubred (1975), Mero (1965), Summerhayes (1967b), Swan (1974) and Tooms et al.
(1969).

Hanganeae nodules range in shape from spheroidal to disc—like (Pig.1f),

and in size from micronodules of 1 cm or leass to 1 m or more in diameter and
weighing up to several tomnes. Most are 2 to 5 cm in diameter. Their

external surface is smooth, botrioidal or cracked. Infe:nally’they are

horizontally, goncentrically or radially layered. They commonly contain a



.TABLE

AVERAGE METAL CONTENT OF MANGANESE NODULES IN THE AUSTRALASIAN
_ REGION AND SURROUNDING AREAS '

Pacific and Indian Ocean values after Cronan and Tooms 1969.
Australian values after Noakes and Jones (1975).

, . western eastern
central southern Indian Indian Australian

Percentage Pacific Pacific Ocean - Ocean region

Mn 15.71 16.61 13.56 15.83 13.3

Fe 9,06 13.92 15.75 11.31 11.3

Ni 0.956 - 0.433 0.322 0.512 0.47

Co 0.213 : 0.595 0.358 0.15% 013

Cu 0.711 0.185 0.102 0.330 0.37
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nucleus suéh as a voleanic fragment, a bone frﬁgment;-a sharks tooth, or

clay. The langaniférous coating around the 1nc1uaionAis'composed-pre-
dominantly of 108 napganite at shallow-vater _sit'es'-'and -S_.Hnoz at deep-water
sites (Glassb}, 1972b). Their elenontai composition is father'variable.
Manganese and iron are dominant, with cobalt, ﬁiékel and copper present in
minor amounts and trace anounta_of nolybdeﬁnn, chrominn! platinium, titanium,
gold and zinc (Tables 4 and 5). Increasingly, it is the higher than average
concentrations of the minor gnd trécg;eleuenta yhich aré being sought rather
than the nodules 'ifi a high manganesé confent, with ¢obal£, nickel and copper
being qf particulaf importance. The maximum valﬁea 80 faf,rocorded for tﬁeae
metals in nanganeaé nodules are 1.8 percent copper (Goidberg, 1954), 2.5
percent cobalt and 2.0 percent nickel (Frazer and Arrhenius, 1972). The
central and eastern Pacific nodules are richer in coppei, cobalt and nickel
than elsewhere in the world's oceans. The ratio Co/Ni + Cu is found to
increase with decreasing water depth. Just how these high concentrations
arise is not known; théoriea for the enrichment incluae entrapment of cations
.by negatively charged oxide ions, concentration by bagtqria, and various types
of diagenetic reactions. Similarly, there afe various theories to account
for the source of the manganese and the formation of tho manganese nodules.
These include terrigonou;. volcanic, submarine fumarolic or extra-terrestrial
sources, with concentration of thq manganese by chemica; precipitation, bio-
cherical precipitation ]by the action of bacteria), auhn#rins weathering,

or diagenetic remobilization of the manganeﬁe below the sediment-water inter-
face. The rate of nodule grbwth appears to be very slow (only a few _
millimetres per million years); in many instances slower than the rate of
sedimentation of the deep-sea clays in which they occur.  This presents a
problem, for the nodules are present only as a surface veneer. There are

nevertheleass instances of shells from World War II being found covered with
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: & Ferromanganese nodule occurrences (Horn, 1972)

i No information .

Lo A e Kajir alswnte abundant than the world

T 1 3 mm 1000 yrs )7 nts more font than the wor.
SO0 P average for nodules (Horn, /972)

10 =30 mm /1000 yrs

> 30 mm /1000 yrs

\~<: Oceonic ridges

Figure 10, Distribution of manganese nodules (after Horn, 1972) and

the rate of sedimentation (after Lisitzin, 1972). High

concentration of manganese nodules are evident in areas of
slow sedimentation.



Figure 11, (Photograph). Manganese nodules, from the Sourthern Ocean.
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a manganebe coating several millimetres thick. Thereforo in some circum-
stances the rate of manganiferous sedimentation can be quite rapid, though
the oveiall rate is slow because of long breaks in the sedimentation.

" Manganese nodules are present in all the oceans of ‘the world. ~ They
are most abundant and richest in those areas which are far removed from
sbﬁrcea of terrigenous sedimentation and fhere the rate of sedimentation is
lovest (Pig. 10). The richest areas known to date both from the point of
view of their cobalt, nickel and copper content and from the point of view of
abundance of nodules is the Pacific (Table 4), particularly the central and
east Pacific. Hubred (1975) considers that a typicai potential mining site

in the central Pacific would have a nodule dehaity equivalent to 10 km per n2

of ocean floor and would cover an area of about 300,000_k12. Ke‘enviaagas
an operation ylelding 1.5 m tonnes per year, but even at this rate of mining,
it would take 1000 years to mine the area out. Mero (1967) estimates the

12

Pacific reserves of manganese nodules at 1.7 x 10 < tons, representing

10 tons of nickel, 8.8 x 109 tons of

4 x 10" tons of manganese, 1.6 x 10
copper and 5.8 x 109 tons of cobalt. Since the time of that estimate,
further nodule figlds have been discovered and the Mero estimate may be
congervative.

A number of methods have been proposed for the mining of nodules
(Fig. 4) including continuous-line bucket dredges, hydraulic suction dredges
employing auhmergsd pumps, and various types of submersibles. Some of these
methods are being evaluated, but up to the time of writing (Mareh, 1975) no
company had started mining on a commercial basis, an indication not only of
the dredging and metallurgical problems which have still to be solved, but
also of the legal problems associated with deep ocean aining. Nevertheless
in Ndvember‘1974 the company Deepsea Venturea'Inc. (avsubsiduary of Temneco
Inc.) filed a claim to mining rights with the United States Government for

an area of 60,000 kmz. 1300 km west of Baja California, in water depths
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ranging from 2300 to 5000 m (Anon, 1974).

Noakes and Jones (1975) consider specifically the distribution of
manganese nodules in the Australian region and found that out of 143 deep-
water stations, nodules were present at 52.'. They record that the gfeatest_
concentration of nodules occurs south of SOOS: however, this may be more a
| reflection of the considerable amount of work undertaken by the Eltanin in
the southern Ocean and the lack of work elsewhere than the true distribution
pattern. The few analyses so far undertaken suggest to Noakes and Jones
that the ﬁoduies of the region are less rich in cobait, nickel and copper
than those of fhe.central Pacific (Table 5). However, too few analyses are
available, and an extensive program of abyssal zone sampling is required
around Australia before thé region can be fully evaluated. Because of the
abundance of tefrigenons sedimentation in thq Tasman Sea the chances of
finding high-metal nodules are poor. The region soﬁth of Australisa has
somewhat better prospects, but the writer believes thﬁt'the southeast Indian
Ocean has the best prospects because of the clear indication there éf both a
slow rate of sedimentation and the wide areas of pelagic clays below the
carbonate compensation depth. In addition, the marginal plateaux, such as
the Faturaliste Plateau and some of the mid-ocean ridges merit attention.
For the present, however, there is insufficient inforﬁation available on the
Abyséal sediments around Australia on which to base any evaluation of the

future potential the region might have for high-grade manganese nodules.
Siliceous Ooges '

Siliceous oozes (Table 6), composed of the tests of diatoms and
radiolaria, cover large areas of the sea floor. They are particularly

abundant in areas of high productivity in polar and sﬁb-polar waters, below

the carbonate compensation level (below about 4000 m), and in areas of upwelling



TABLE 6

AVERAGE COMPOSITION OF DEEP SEA SEDIMENTS
(recalculated from El Wakeel and Riley, 1961)

Pelagic sediment

Percentage . ealcarsous argillaceous siliceous

A1203 8.0 17.6 13.4

Fe 0, . 3.9 _ 8.3 6.3
Cad 28,5 1.4 1.6
MgO ' 2.3 . 3.8 ' 2.5
Na,0 - 0.8 1.5 o 0.9
K,0 - 1.5 3.3 | 1.9
MuO | 0.32 0.47 0.41
P05 - y 0.15 0.14 0.27

140, | 0.44 | 0.84 0.65

total H o 3.9 6.5 e Te

|

i
1
i

|

|

i

1

i

|

l co,, . 23.3 | 0,77 0.93
|

|

|

|

|

|

|

|

i



TABLE 7

-AVERAGE TRACE ELEMENT CONTENT OF DEEP SEA SEDIMENTS
after (a) Goldberg and Arrhenius (1958) and (b) Turekian and Wedepohl (1961).

Pacific average clay average
(a) - (1)
ppm) (ppm)

Sr T10 180
Be 390 7 2300
Li 59 ' . 2.6
Cu T40 : 250
Pb 150 ' . 80
Zy - 165
Co 160 . 14
Ni

320 225
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such as the zone of upwelling associated with the equatorial counter-current.

This low-latitude ooze is well-developed im, for instance, the northeast

~ Indian Ocean. “Pure siliceous ooze in_ the form of diatomaceous earth is

used extensively for insulation, as a filter,and as a concrete additivé;
Where it is present in relatively shallow water and near to potential markets
it is likely that siliceous oozes will be mined in the future. No potential
sites with these attributes are known in the Australian region, though the
region south of Tasmania probably has.the'graatest potential.

Pelagic clays may also be considered a resource of the future.
They cover much of the ocean floor below about 4000 m (estimated by the
United Nations (1970) at 100 million kmz) and contain abundant iron and
aluminium (Table 6), as well as greater than average concentrations of
manganese, coppér, cobalt, nickel, lead, vanadium, and rare earths (Table 7).
However they constitute very low-grade "ores", and this, combined with the

depth of water in which they occur, makes them a possible resource for the

digtant future only.

Hetalliferoup muds and Brines

Metal-rich muds and brines have been discovered in the Red Sea, on
the Eagt Pacific Rise and more recently on the nid-Ltlﬁntic Ridge. All
occurrences appear to be‘the result of submarine volcénic (fumarolic) activity
comparable perhaps with that docnmenteﬁ by Perguson and Lambert (1972) from
the shallower water of Rabaul Harbour, New Guinea. The best known of these
occurrences is the Atlantis 1II Deep of the Red Sea in about 2000 m water
depfh, where the bottom muds contain approximately 0.9% copper, 2.6% zinc,
0.1% leag,.as well as significantly higher than average concentrations of
silver, gold and tin (Tabvle 8). Maximum concéntrations known include 21% 2nO,
4% cu0, 0.8% P10, 85% Fo,0, and 5.7% ¥n,0,. The sediments are gel-like and



TABLE 8

AVERAGE METAL CONTENTS OF BOTTOM SEDIMENTS IN THE ATLANTIS II DEEP

(after Manheim and Siems, 1974). DSDP Site 226. N - not detected.

range of metal mean metal
contents content
in sediments (ppm)
(ppm)

Si 2 - 12 6.5
Fe 1.5= 10 1.8
Hg 0015 - 2 009
Ca 3- 2 9.5
Ti 0002 - 007 008
Mh 0007 - 0.7 012
Ag 3 - 100 50
As N N
B 10 - 20 10
Ba: N - 75000 9000
Ccd N - 100 600
Co 15 - 200 80
Cr N - 200 30
Cu 1000 = 7000 5000
Mo 5 - 200 - 65
Ni N - 100 20
Pb 70 - 5000 2300
Sn _ N N
Sr 150 - 1000 470
v 10 - 200 40
W N - 50 50
Zn 500 - 10 000 5000
Zr N - 15 10
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TABLE 9

COHPOSITIONAL'-RANGE OF SOME HOT BRINES

Red.Sea values after Manheim (1974); Matupi values after Ferguson and
Lambert (1972). Normal seawater values after-Goldberg-(1961)..... _ __ _

el

Ag
Ba
Co

Pe
Mn
Ni

Sr

Zn.

Average

- seawater -

(ppm)
19000

003

03

005

.003"

.01

002"

002

.00003
8.0

003

.01

Red sea Atlantis 1I
bottom- Deep brine
water (ppm)
(ppm)
22500 156000

- O.1

- 0.9

- 0.16

- 03 = 52

- 82 - 100

- 82 - 100

) - 005 - 006
9.2 45 = 48
3.3 48

= 4.6 - 10

Disco\ie:y
Deep brine
(ppm) -

155000
O.1
0.3
0.13

01 - .34 e

005'- 015
55 = 66

002 - 0,34

08 - .21

a4 - 46

0.8 - 2.3_

Matupi area -
thermal waters
(ppm)

14000 = 46000

005 - 006
3.5 - 108
2.7 - 111

05 = 09

3 003 = 2'53



confain a wvide range of metallic minerals including vgrious iron oxides and
hydroxidés, Qphalerite, pyrite, marcasite, nanganeed oxides and hydroxides,
and sulphides and carbonates of copper and lead. The AtlantivaI muds have .
been penetrated to a depth of 10 m using piston cores (Degens and Ross, 1969).
Seismic infornation.auggesta that the sedimentary column may be as thick as
100 ;, but.drilling at DSDP Site 226 indicated oniy.S m of sediment, resting
on basalt (Whitmarsh _ﬁ_ﬂ.. 1974); therefore the total thickness of
metalliferous Sed;nentﬁ is somewhat uncertain.

The hot brines in the Atlantis II Deep and other Deeps also contain
high metal contents. | Because of their density the briﬁea hate gsettled in
the Deeps. The composition of brines in the Atlantis II Deep and the |
Discovery Deep are given in Table 9. These figueg_ého_wj that salinities
and metal contents are much gro@ter in the brines than in-nqrnai seavater -
in some case thoﬁsands of times greater. The Atlanf;a iI Deep covers an area
of about 12 x 5 km, the Discovery Deep about 4.x 2.5_km;' consequently a
considerable volﬁﬁe of metalliferous brine is present in these pools. A
process involving pumping such bfineﬁ to the aurface'ig-technologically |
'feasiblé, though it may not yet be cohmercialiy viable.' jIh the Australasi&n
region-metalliferoua.muds and brines might be presentAihAlocalized basins
_ associated with some of the activé ocean ridges,_such;a§ the Australian -
'Antarctic ridge£ .in volcanic region where there are iikély to be submarine

fumaroles auch aa'in the New Britain fegion and in the Bay of Plenty (New

Zealand); alternatively some basins of the southwest Paeific such as the

Laue Basin'nay befpotential areas. In general, hovevef,'proapecta for finding

- metalliferous muds and brines in the vicinity of Ausfraiia are poor.



-24~

CONCLUSIORS

In the foreseeable future, petroleum will continue to be by far

the most important offshore resource. " Sulphur will continue to be extracted

by solution mining and this method may eventually extend to evaporites,
particuiarli potash. Undérground "bedrock™ mining will extend proéreesivély
farther under the éontinental shelf as onshore resources are depleted, but
high mining costs probably preclude mining extending more than 20 km from
the shoreline in this century; or more than 50 km-in the foreseeabie futuie.
The future progress of offshore niping of superficial niner#la_is difficult
to gauge. Construction materials (sand, gravel,'ahallov-vater carbonates)
will increasingiy be obtained offshore, manganese nodules vil; prpbably be
mined commercially before the gnd of the century, and perhaps béfore the end
of the_deca&e if deposits sufficiently rich in copper, cbbalt and nickelvare
found. Offsho:e phosphorites might be used locally, particularly if
transportation costs continue to escalate. Metalliferous muds and brines
may eventually be mined, but much more exploratory work vill be necessary
before this resource can be evaluated. Tin will continﬁé to be dredged from
progressively déeper wvater, extending several kilometres beyond the present
limit of exploitation. Gold may eventually be won offshore, and offshore
mining of diamonds may eventuaslly recommence offsouthwest African. Rutile,
zircon and other "light heavy minerals™ will not be won from presenfiy-kndwn
offshore fossil strand lines in the immediate future, but may prove feasible
if richer deposits can be found or as onshore deposits are depleted.
Glauconite deposits, deep-sea barite deposits and calcar@oua and siliceous
oozes represent resources for the distant future.

In conclusion then, there are extensive offshore mineral resources,
some of which are being exploited at the present, some of which will be mined

in the fairly near future and many which will only be exploited in the more
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distant futufe. - But even if all the geological, téchnological and financiai
problems can be'qvercono, there still remains the leg;l problems governing

the mining of offshore minerals in what are preuently regaidgd a8 international
waters. This Bay iell prov§ fp be the most difficult'qbstacle tolthe futuie

‘exploitation of offshore minerals.
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