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mining licenses are granted separately, so legally, the
right to prospect is not tied to the right to mine. Logi-
cally, however, a company which has invested in pros-
pecting is likely to obtain a mining license. Furthermore,
since the government is often a partner in prospecting
operations, exploitation rights follow naturally. Licenses
do not grant exclusive rights; however, not enough
activity has taken place to make this a controversial is-
sue. 89 [Details regarding duration, size, and fees are
unknown. ]

Royalties must be paid to the Crown by the opera-
tor. Rates are specified in the license. No mining license
has been issued, so no basis for assessing royalties has
been established. go

Conditions

Any mining activities must disturb the marine envi-
ronment and life as little as ‘‘reasonably possible, ” must
not interfere with the rights of commercial fishermen,
must comply with safety provisions of the 1971 Mining
Act and 1979 Coal Mines Act.

‘gIbid.
‘“Ibid

Activities must not violate any of the restrictive reg-

ulations set forth by the Governor-General, concerning

navigation, fishing, conservation of living resources, na-

tional  defense,  oceanographic research,  submarine ca-

bles, or pipelines. “Unjustif iable interference” with any

of these activities is defined at the Governor-General’s

d i s c r e t i o n . 91 However,  in practice,  the details  of  regu-

lations are specif ied in Parliamentary committees,  in

consultation with representatives from appropriate gov-

ernment branches (i. e., the Ministry of  the Environ-
ment) .  92

The Inspector of Mines, in consultation with the Min-
istry of Transport, Marine Division, and Ministry of
Agriculture and Fisheries arbitrates conflicts between
miners and commercial fishermen.93

Activities

One license has been issued for the prospecting of
phosphorite nodules.94

g! NCW zea]and  Continental Sheff Act, Section  8.
9 2P  H e l m ,  op. cit.
‘s Ibid.
‘*Ibid.
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AEM —Airborne Electromagnetic Bathymetry
AOML —Atlantic Oceanographic and

Meteorological Laboratories
BOF —Basic Oxygen Furnace
BOM —U.S. Bureau of Mines
BPL —Bone Phosphate of Lime
BS3 —Bathymetric Swath Survey System
CAIS —Center for Applied Isotope Studies
CALCOFI—California Cooperative Fisheries

Investigations
CDP —Common Depth Point
COE —U.S. Army Corps of Engineers
CSO —Coastal States Organization
CZMA —Coastal Zone Management Act
DGS —Digital Grain Size
DMRP —Dredged Material Research Program
DOD —U.S. Department of Defense
DOE —U.S. Department of Energy
DOI —U.S. Department of the Interior
DOMES —Deep Ocean Mining Environmental

Study
DSHMRA—Deep Seabed Hard Minerals Resources

Act
DSL —Deep Submergence Laboratory
EEZ —Exclusive Economic Zone
EIS —Environmental Impact Statement
EPA —U.S. Environmental Protection Agency
ERM —Exact Repeat Mission
FOB —Free on Board
FWS —U.S. Fish and Wildlife Service
GEODAS —Geophysical Data System
GEOSAT —U.S. Navy Geodetic Satellite
GI —General Instrument Corp.
GGB —Gridded Global Bathymetry
GLORIA —Geological Long Range Inclined Asdic
GPS —Global Positioning System
HEBBLE —High Energy Benthic Boundary Layer

Experiment
HIG —Hawaii Institute of Geophysics
HS —Hydrographic Survey
ICES —International Council for Exploration

of the Seas
IDOE —International Decade of Ocean

Exploration
IGY —International Geophysical Year
IOS —Institute of Oceanographic Sciences
1P —Induced Polarization
ICES —International Council for the

Explorations of the Seas

1ST

ITA
JOI
LDGO

LOS
LOSC
MB
MCC
MESA
MGF
MIPS
M M
MMS
MOU
MSR
NAS
NASA

NACOA

NCAR

NEPA
NESDIS

NGDC
NMFS
NMPIS

NOAA

NOAC

NODC

—International Submarine Technology,
Ltd.

—International Trade Administration
—Joint Oceanographic Institutions
—Lamont-Doherty Geological

Observatory
—Law of the Sea
—Law of the Sea Convention
—Marine Boundary Data
—Marine Core Curator
—Marine Ecosystems Analysis Project
—Miscellaneous Geology Files
—Mini-Image Processing System
—Marine Mineral Data
—Minerals Management Service
—Memorandum of Understanding
—Marine Seismic Reflection
—National Academy of Science
—National Aeronautics and Space

Administration
—National Advisory Committee on

Oceans and Atmosphere
—National Center for Atmospheric

Research
—National Environmental Policy Act
—National Environmental Satellite Data

and Information Service
—National Geophysical Data Center
—National Marine Fisheries Service
—National Marine Pollution Information

System
—National Oceanic and Atmospheric

Administration
—National Operations Security Advisory

Committee
—National Oceanographic Data Center

NOMES —New England Offshore Mining
Environmental Study

NORDA —Naval Ocean Research and
Development Activity

NOS —National Ocean Survey
NOS/HS —National Ocean Survey Hydrographic

Surveys
NOS/MB —National Ocean Survey Multibeam

EEZ Bathymetry
NRC —National Research Council
NRL —Naval Research Laboratory
NSF —National Science Foundation
NSI —NASA Science Internet
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O A R —Oceans and Atmospheric Research SAR —Systeme Acoustique Remorque
OCS —Outer Continental Shelf SASS —Sonar Array Sounding System
OCSLA —Outer Continental Shelf Lands Act SeaMARC—Sea Mapping and Remote
OCSEAP —Outer Continental Shelf Environment Characterization

OMA
OMB
OSIM

OSTP

ODP
O M A
ONR
PGM
PMEL

R O R
R O V
SAB

Assessment Program
—Ocean Mining Associates
—Office of Management and Budget
—Office of Strategic and International

Minerals
—Office of Science and Technology

Policy
—Ocean Drilling Program
—Ocean Mining Associates
—Office of Naval Research
—Platinum Group Metal
—Pacific Marine Environmental

Laboratory
—Rate of Return
—Remotely Operated Vehicle
—Strategic Assessment Branch

SP —Self Potential
SPAN —Space Physics Analysis Network
TAMU —Texas A & M University
TOGA —Tropical Ocean Global Atmosphere

Study
UMI —Underwater Mining Institute
USCG —U.S. Coast Guard
UTM —Universal Transverse Mercator
UNOLS —University National Oceanographic

Laboratory System
USGS —U.S. Geological Survey
WADSEP —Walking and Dredging Self-Elevating

Platform
WOCE —World Ocean Circulation Experiment
WHOI —Woods Hole Oceanographic Institution
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Conversion Table for Distances, Areas, Volumes, and Weights
inch = 2.54 centimeters
square inch = 6.45 square centimeters
cubic inch = 16.39 cubic centimeters

centimeter = 0.39 inches
square centimeter = O. 15 square inches
cubic centimeter = 0.06 cubic inches

foot = 0.30 meters
square foot = 0.09 square meters
cubic foot = 0.03 cubic meters

meter = 3.28 feet
square meter = 10.76 square feet
cubic meter = 35.31 cubic feet

yard = .91 meters
square yard = 0.84 square meters
cubic yard = 0.76 cubic meters
meter = 1.09 yards
square meter = 1.20 square yards
cubic meter = 1.31 cubic yards

Glossary

Abyssal Plain: A flat region of the deep ocean floor.
Acid-Grade Phosphate Rock: Phosphate rock that can

be used directly in fertilizer plants. A comparatively
pure grade of phosphate rock that assays at 31 per-
cent phosphorous pentoxide (P2O5), and is also called
“fertilizer-grade” rock.

Acoustic: Of or relating to sounds or to the science of
sounds.

Active Margin: The leading edge of a continental plate
characterized by coastal volcanic mountain ranges,
frequent earthquake activity, and relatively narrow
continental shelves.

Alluvial Deposits: Secondary deposits derived from the
fragmentation and concentration of chromite minerals
from primary stratiform or podiform deposits. Allu-
vial deposits are either placers, e.g., beach sands
which occur in Oregon and stream sand deposits in
the eastern States, or laterites, which occur in north-
west California and southwestern Oregon.

Anatase: One of two major crystalline modifications of
titanium dioxide (TiO2), the other being rutile.

Argon-Oxygen-Decarburization (AOD); Vacuum-
Oxygen-Decarburization (VOD): Processes for
removing carbon from molten steel without oxidiz-
ing large amounts of valuable alloying elements, espe-
cially chromium. AOD and VOD enable the use of
lower grade, lower cost high-carbon ferrochromium.
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are = 100 square meters = 119.6 square yards

statute mile = 0.86 nautical miles
square statute mile = 0.74 square nautical miles

statute mile = 1.61 kilometers
square statute mile = 2.59 square kilometers

nautical mile = 1.16 statute miles
square nautical mile = 1.35 square statute miles

nautical mile = 1.85 kilometers
square nautical mile = 3.43 square kilometers

kilometer = 0.62 statute miles
square kilometer = 0.39 square statute miles

kilometer = 0.54 nautical miles
square kilometer = 0.29 square nautical miles

short ton = 2000 pounds = 0.91 metric tons
long ton = 2240 pounds = 1.02 metric tons

metric ton = 1.10 short tons = 0.98 long tons

Attenuation: A reduction in the amplitude or energy
of a seismic or sonar signal, such as produced by
divergence, reflection and scattering, and absorption.

Barrier Island: A long, narrow, wave-built sandy island
parallel to the shore and separated from the main-
land by a lagoon.

Bathymetry: The measurement of depths of water in
the oceans. Also, the information derived from such
measurements.

Beneficiation-Grade Phosphate Rock: Phosphate rock
that assays at 10 to 18 percent phosphorous pentox-
ide (P2O5) and requires the removal of hydrocarbons
and other impurities before processing in a chemical
plant. It may be upgraded to acid grade or furnace
feed quality.

Beneficiation: Improvement of the grade of ore by mill-
ing, flotation, gravity concentration, or other
processes.

Benthos: the animals living at the bottom of the sea.
Bioassay: a method for semi-quantitatively measuring

the effect of a given concentration of a substance on
the growth of a living organism.

Biomass: The amount of living matter in a community
or population of a single species. (It may be meas-
ured either by wet, dry, or ash-free [burned] weight. )

Calcium Phosphate: Any of the calcium orthophosphates
that may be used for fertilizers, plastics stabilizers,
pharmaceuticals, animal feeds, and toothpastes. They
include acid calcium phosphate, calcium dihydrogen
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phosphate, monobasic calcium phosphate, monocal-
cium phosphate, and tricalcium phosphate.

Cephalopods: Marine mollusks including squids, octo-
puses, and Nautilus.

Chromic Oxide: A dark green amorphous powder that
is insoluble in water or acids. Also known as chrome
green. It is commonly used as a standard measure
of chromium content in chromite.

Chromite: An iron-chromic oxide (chrome iron ore). A
mineral of the spinel group, and the only mineral
mined for chromium. ‘‘Chromite " is used synony-
mously for chromium ore and concentrates made
from the ore used in commercial trade. When refer-
ring to the spinel mineral chromite, it is referred to
as ‘‘chromite mineral.

Conductivity: The ratio of electric current density to
the electric field in a material; the reciprocal of resis-
tivity.

Continental rise: That part of the continental margin
that is between the continental slope and the abyssal
plain except in areas of an oceanic trench.

Continental Shelf: The part of the continental margin
that is between the shore and the continental slope
and is characterized by its very gentle slope.

Continental Slope: The relatively steeply sloping part
of the continental margin that is between the con-
tinental shelf and the continental rise.

Crustacean: Jointed animals with hard shells. This
group includes crabs, shrimp, lobsters, and barnacles.

Deposit-Feeder: An animal that feeds on particulate
matter deposited on the seafloor.

Detritus: Particulate matter resulting from the degener-
ation and decay of organisms or inorganic substances
in nature.

Diversity: a measure of the numbers and kinds of spe-
cies found in a particular area.

Dredging: The various processes by which large float-
ing machines, or dredges, excavate earth material at
the bottom of a body of water, raise it to the surface,
and discharge it into a hopper, pipeline, or barge, or
return it to the water body after removal of ore
minerals.

Electrolytic Manganese Metal: A relatively pure form
of metal produced by the deposition of a metal on the
cathode by passing an electric current through a
chemical solution of manganous sulfate; at the same
time electrolytic manganese dioxide (MnO2) is formed
at the anode.

Fauna: the animal life characteristic of a particular envi-
ronment or region.

Ferrochromium: A crude ferroalloy containing chro-
mium that is an intermediate iron-chromic product
used in the manufacture of chromium steel.

Ferromanganese Crusts: Crusts of iron and manganese
oxides enriched in cobalt that are found on the flanks

of seamounts, ridges, and other raised areas of ocean
floor in the central Pacific.

Ferromanganese Nodules: Concretions of iron and man-
ganese oxides containing copper, nickel, cobalt, and
other metals that are found in deep ocean basins and
in some shallower areas of the oceanfloor.

Ferromanganese: A ferroalloy containing about 80 per-
cent manganese and used in steelmaking. There are
three grades: (1) High-Carbon (Standard)—74 to 82
percent manganese; (2) Medium-carbon—80 to 85
percent manganese; and (3) Low-carbon—80 to 90
percent manganese.

Filter-Feeder: an animal that feeds on minute organ-
isms suspended in the water column by using some
screening and capturing (filtering) mechanism.

Flotation Separation: A method of concentrating ore
that employs the principles of interracial chemistry
that separates the useful minerals in the ore from the
waste by adding reagents or oils to a water slurry mix-
ture of fine particles of ore and collecting the useful
portion that “floats” to the surface in association with
the oil or reagent.

Full Alloy Steel: Those steels may contain between one-
half percent to nine percent chromium, but more
commonly contain between one and four percent.
Chromium is used to impart hardness.

Furnace-Grade Phosphate Rock: Phosphate rock that
assays at 18 to 28 percent phosphorous pentoxide
(P 2O 5), It may be charged directly to electric furnaces

to produce slag and ferrophosphorus as byproducts

and volatilized elemental phosphorus as the primary

p r o d u c t .

Gangue: The nonmetalliferous or nonvaluable metal-
liferous minerals in an ore.

Geomagnetic: Pertaining to the magnetic field of the
earth.

Geophysics: Study of the earth by quantitative physi-
cal methods (e. g., electric, gravity, magnetic, seis-
mic, or thermal techniques).

Grade: The relative quantity or weight percentage of
ore-mineral content in an orebody.

Gradiometry: Measurement of the difference in the
magnetic or gravity field between two points, rather
than the total field at any given point.

Gravity Anomaly: The difference between the observed
value of gravity at a point and the theoretically cal-
culated value. Excess observed gravity is positive and
deficient observed gravity is negative.

Hadfield Manganese Steel: A steel containing 10 to 14
percent manganese; resistant to shock and wear.

Ilmenite: A black, opaque mineral consisting of impure
FeTiO 3 that is the principal ore of titanium.

Interferometry: The precise measurement of wave-
length, very small distances and thicknesses, etc.
through the separation of light (by means of a sys-
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tern of mirrors and glass plates) into two parts that
travel unequal optical paths and when reunited con-
sequently interfere with each other.

Invertebrate: an animal lacking a backbone and an in-
ternal skeleton.

Kroll Process: A reduction process for the production
principally of titanium metal sponge from titanium
tetrachloride by molten magnesium metal.

Larvae: free-living inmature forms that have developed
from a fertilized egg but must undergo a series of
shape and size changes before assuming the charac-
teristic features of the adult organism.

Laterite: Weathered material composed principally of
the oxides of iron, aluminum, titanium, manganese,
nickel and chromium. Laterite may range from soil-
like porous material to hard rock.

Leucoxene: A mineral assemblage of intermediate tita-
nium dioxide (TiO2) content composed of rutile with
some anatase or sphene. Usually an alteration prod-
uct of ilmenite, with the iron oxide content having
been reduced by weathering.

Macrofauna: animals barely large enough to be visible
to the naked eye and not likely to be photographed
from a meter or two. Average body length might be
about 1 mm.

Magnetic Anomaly: The difference between the inten-
sity of the magnetic field at a point and the theoreti-
cally calculated value. Anomalies are interpreted as
to the depth, size, shape, and magnetization of geo-
logic features causing them.

Manganese Ore: Those ores containing 35 percent or
more manganese.

Manganese Dioxide: MnO2, a black, crystalline, water-
insoluble compound used in dry-cell batteries, as a
catalyst, and in dyeing textiles. Also known as ‘‘bat-
tery manganese.

Manganiferous Ore: Any ore important for its man-
ganese content containing less than 35 percent man-
ganese but not less than 5 percent. There a two types
of manganiferous ore: (1) ‘‘Ferruginous ore"--con-
taining 10 to 35 percent manganese; and (2) "‘Man-
ganiferous iron ore” —containing 5 to 10 percent
manganese.

Mining: The process of extracting metallic or nonmetal-
lic mineral deposits from the earth. The process may
also include preliminary treatment, such as cleaning
or sizing.

Mollusk: a division of the animal kingdom containing
clams, mussels, oysters, snails, octopuses, and squids;
they are characterized by an organ that secretes a
shell.

Nekton: Free-swimming aquatic animals.
Neutron Activation: Bombardment of a material by

high-energy neutrons which transmute natural ele-

ments to gamma-ray-emitting isotopes of character-
istic identity.

Ore: The naturally occurring material from which a
mineral or minerals of economic value can be ex-
tracted at a reasonable profit.

Overburden: Loose or consolidated rock material that
overlies a mineral deposit and must be removed prior
to mining.

P2O5: Phosphorus pentoxide, the standard used to meas-
ure phosphorus content in ores and products.

Passive Margin: The trailing edge of a continent located
within a crustal plate at the transition between con-
tinental and oceanic crust and characterized by its
lack of significant volcanic and seismic activity.

Pelagic: pertaining to the open ocean.
Perovskite: A natural, complex, yellow, brownish-yel-

low, reddish, brown, or black calcium-titanium ox-
ide mineral.

Phosphate Rock: Igneous rock that contains one or more
phosphorus-bearing minerals, e.g. phosphorite, of
sufficient purity and quantity to permit its commer-
cial use as a source of phosphatic compounds or
elemental phosphorus.

Phosphorite: A sedimentary rock with a high enough
content of phosphate minerals to be of economic in-
terest. Most commonly it is a bedded primary or re-
worked secondary marine rock composed of micro-
crystalline carbonate fluorapatite in the form of layers,
pellets, nodules, and skeletal, shell, and bone fragments.

Phylogeny: the evolutionary or ancestral history of
organisms.

Phytoplankton: the plant forms of plankton.
Placer: Concentrations of heavy detrital minerals that

are resistant to chemical and physical processes of
weathering.

Placer: A mineral deposit formed by mechanical con-
centration of mineral particles from weathered debris.
The mineral concentrated is usually a heavy mineral
such as gold, cassiterite, or rutile.

Plankton: passively floating or weakly motile aquatic
plants and animals.

Plate Tectonics: A model to explain global tectonics
wherein the Earth’s outer shell is made up of gigan-
tic plates composed of both continental and oceanic
lithosphere (crust and upper mantle) that “float” on
some viscous underlayer in the mantle and move
more or less independently, slowly grinding against
each other while propelled from the rear by seafloor
spreading.

Podiform-Type Deposits: Primary chromite mineral de-
posits that are irregularly formed as lenticular, tabu-
lar, or pod shapes. Because of their irregular nature,
podiform deposits are difficult to locate and evalu-
ate. Most podiform deposits are high in chromium,
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and are the only source of high-aluminum chromite.
In the United States, they occur mostly on the Pa-
cific Coast in California and Alaska.

Polychaete: a class of segmented marine worms.
Polymetallic Sulfide: A popular term used to describe

the suites of intimately associated sulfide minerals that
have been found in spreading centers on the ocean
floor.

Primary Productivity: the amount of organic matter
synthesized from inorganic substances in a given area
or a measured amount of time (e. g., gm/m2/yr).

Processing: The series of steps by which raw material
(ore) is transformed into intermediate or final mineral
products. The number and type of steps involved in
a particular process may vary considerably depend-
ing on the characteristics of the ore and the end prod-
uct or products to be extracted from the ore.

Pycnocline: a vertical gradient in the ocean where den-
sity changes rapidly.

Pyrolusite: A soft iron-black or dark steel-gray
tetragonal mineral composed of manganese dioxide
(MnO2). It is the most important ore of manganese.

Reconnaissance: A general, exploratory examination or
survey of the main features of a region, usually pre-
liminary to a more detailed survey.

Refractory: A material of high melting point, possess-
ing the property of heat resistance.

Remote Sensing: The collection of information about
an object by a recording device that is not in physi-
cal contact with it. The term is usually restricted to
mean methods that record reflected or radiated elec-
tromagnetic energy, rather than methods that involve
significant penetration into the earth.

Resistivity: The electrical resistance offered by a mate-
rial to the flow of current, times the cross-sectional
area of current flow and per unit length of current
path; the reciprocal of conductivity.

Resolution: A measure of the ability of geophysical in-
struments, or of remote-sensing systems, to define
closely spaced targets.

Rhodochrosite: A rose-red or pink to gray rhombohedral
mineral of the calcite group: MnCO3. It is a minor
ore of manganese.

Rhodonite: A pink or brown mineral of silicate-
manganese: MnSiO3.

Rutile: Occurs naturally as a reddish-brown, tetragonal
mineral composed of impure titanium dioxide (TiO 2) ;

c o m m o n  i n  a c i d  r o c k s ,  s o m e t i m e s  f o u n d  i n  b e a c h

sands.

Seafloor Spreading Center: A rift zone on the ocean floor
where two plates are moving apart and new oceanic
crust is forming.

Seamount: A seafloor mountain generally formed as a
submarine volcano.

Seismic Reflection: The mapping of seismic energy that
has bounced off impedence layers within the earth.

Seismic Refraction: The transport of seismic energy
through rock and along impedence layers.

Silicomanganese: A crude alloy made up of 65 to 70 per-
cent manganese, 16 to 25 percent silicon, and 1 to
2.5 percent carbon; used in the manufacture of low-
carbon steel.

Sonar: Sonic energy bounced off distant objects under-
water to locate and range on them, just as radar does
with microwaves in air.

Stainless Steel: Steel with exceptional corrosion and ox-
idation resistance, usually containing between 12 and
36 percent chromium. Chromium contents of 12 per-
cent are required to be corrosion resistant. Some low-
chromium stainless steels are produced (nine percent
to 12 percent), but chromium content averages about
17 percent.

Stratiform Deposits: Primary chromite mineral depos-
its that occur as uniform layers up to several feet thick
similar to coalbeds. Stratiform deposits generally con-
tain chromite with low chromium-iron ratio, are com-
paratively uniform and extend over large areas. The
chromite occurrences in the Stillwater Complex in
Montana are characteristic of stratiform deposits.

Stratigraphy: Study of the order of rock strata, their age
and form as well as their distribution and lithology.

Substrate: 1) The substance on or in which an organ-
ism lives and grows, 2) The underlying material (e. g.,
basalt) to which cobalt-rich ferromanganese crusts are
cemented.

Succession: the gradual process of community change
brought about by the establishment of new popula-
tions of species which eventually replace the original
inhabitants.

Superphosphate: One of the most important phospho-
rus fertilizers, derived by action of sulfuric acid on
phosphate rock. Ordinary superphosphate contains
about 18 to 20 percent phosphorous pentoxide (P2O5).
Triple superphosphate is enriched in phosphorus (44
percent to 46 percent P2O5) and is manufactured by
treating superphosphate with phosphoric acid.

Synthetic Rutile: Rutile substitutes made from high-
grade ilmenites by various combinations of oxidation-
reduction and leaching treatments to remove the bulk
of the iron.

Taxonomy: classification of organisms into groups re-
flecting their similarity and differences (Kingdom,
Phylum, Class, Order, Family, Genus, Species).

Thermocline: a gradient in the ocean where tempera-
ture changes rapidly.

Titanium Dioxide Pigment: A white, water-insoluble
powder composed of relatively pure titanium dioxide
(TiO 2) produced commercially from TiO2 minerals
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ilmenite and rutile (both rutile and anatase ‘‘grades’ Transponder: A radio or radar device that upon receiv-
are manufactured). ing a designated signal emits a signal of its own. Used

Titanium Slag: High titanium dioxide (TiO2) slag made for detection, identification, and location of objects,
by electric furnace smelting of ilmenite with carbon, as on the seafloor.
wherein a large fraction of the iron oxide is reduced Turbidity: cloudiness in water due to the presence of
to a saleable iron metal product. suspended matter.

Titanium Sponge: The primary metal form of titanium Zooplankton: animal forms of plankton.
obtained by reduction of titanium tetrachloride va-
por with magnesium or sodium metal. It is called
sponge because of its appearance and high porosity.
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cobalt crust mining, environmental effects: 240-244

plume effects: 240-242
temperature effects: 242
threatened and endangered species: 243

cobalt crust sampling: 158-160
and deepsea dredges: 159
bulk sampling: 160
measuring crust thickness: 159
quantitative sampling: 159
reconnaissance sampling: 159-160

Colombia: 96, 103, 171
commercial potential, marine minerals: 13, 17, 19, 81

339



340 . Marine Minerals: Exploring Our New Ocean Frontier

common depth point seismic data: 264
consumption, mineral commodities: 82, 83

general: 82
nickel: 83
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sea: 41, 42
shelf: 7, 45, 47, 49, 50, 52, 57, 58, 59
slope: 57

continuous casting, steel: 89
continuous seafloor sediment sampler: 144, 149, 151
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deltas: 42, 54, 55
Department of the Interior: 22, 56, 182
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direct current resistivity: 140-141
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downhole sampling: 162
drag sampling: 155
Dredge Material Research

215
dredge mining technology,
dredge mining technology,

capacities: 171
capital costs: 171
limitations: 171
operating costs: 171
operating depths: 171

dredge mining technology,
dredge mining technology,

174-175
capabilities: 175
capital costs: 175
description: 174

Program, Corps of Engineers:

air lift suction: 176
bucket ladder-bucket line: 171

bucket wheel suction: 176
cutter head suction dredge:

dredge mining technologies, general: 18
dredge mining technology, grab dredge: 177
dredge mining technology, hopper dredge: 173-174

capabilities: 174
capacities: 173
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types: 172
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Becker Hammer Drill: 156-158
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E.I. du Pont de Nemours & Co., Inc.: 105, 193
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ecological: 20, 21
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information: 20
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induced polarization: 141-143
induced polarization and titanium minerals: 142
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MOSES: 140
reconnaissance induced polarization: 141
self-potential: 141
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spectral induced polarization: 142
spontaneous polarization: 141
transient electromagnetic method: 140
vertical electric dipole: 140

electromagnetic methods: 140
endangered species: 243
Endangered Species Act of 1973: 243
Energy Security Act of 1980, Title VII: 26
environmental effects: 20, 110, 215, 218, 222-223,

226-245
benthic effects: 215, 223, 226-227, 243, 245
deep water effects: 218, 226, 236-245
mid-water effects: 215, 222-223, 226
plume effects: 222, 226, 234, 239, 240-241
shallow water effects: 218, 226, 227-236
surface effects: 215, 222, 226

environmental impact statements: 215, 218, 240, 244
Cobalt Crust Draft Environmental Impact Statement:

215
Gorda Ridge Draft Environmental Impact Statement:

215, 244
Manganese Crust EIS Project: 240

environmental monitoring: 20, 21, 228-230, 237
Environmental Studies Program: 219, 264
Escanaba Trough: 162
exploration: 8, 22-28, 31
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Coronado Bank: 61
Delaware: 281, 283, 290
Delaware River: 52
Delmarva Peninsula: 47
Dog Island (FL): 56
Escanaba Trough: 65
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Hawaii: 43, 69, 95, 122, 182, 284, 290, 291
Hawaiian Archipelago: 72, 240, 243
Hoh River (WA): 60
Howland Island: 292
Jacksonville (FL): 53
James River (VA): 51
Johnston Island: 240, 243, 292



342 ● Marine Minerals: Exploring Our New Ocean Frontier

Kayak Island (AK): 67
Kingman Reef: 292
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National Aeronautics and Space Administration (NASA):

26, 265-266
Ames Research Center: 266
data handling problems: 266
NASA Science Internet: 265-266
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location and description: 207
mining technology: 207
processing technology: 207
profitability: 209

phosphorite, Tybee Island (GA), seabed mining scenario:
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mining technology: 205
processing technology: 205
profitability: 206
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nickel: 96
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demand and technological trends: 103
domestic production: 103
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Pleistocene: 45, 46, 57, 65, 67
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problems: 182
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Puerto Rico: 122, 291, 292, 294, 298
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radiometric dating: 71
Raritan River: 231
Reagan Proclamation (No. 5030): 5, 6, 275
reconnaissance surveys: 17, 18, 56
reconnaissance technologies: 119-139
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remotely operated vehicle (ROV):

advantages and limitations: 146-148
and hard mineral exploration: 151
and navigation: 163
ANGUS: 151
Argo: 152
capabilities: 149-151
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comparison with manned submersibles: 146-148
costs: 148-149
Deep Tow: 149
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Solo: 149
towed vehicles: 149-150
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Republic of South Africa: 41, 85, 87, 91, 94, 102, 175
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S.P. Lee: 116-117, 245
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crust sampling: 158-160
placer sampling: 154-158
polymetallic sulfide sampling: 160-162
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domestic resources and reserves: 111
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schist: 57
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Sea Grant: 215, 227, 229, 231, 257
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economic potential: 8, 17
legislation: 23, 28, 30, 31
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world: 39
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long-range side-looking sonar: 116, 119-122
mid-range side-looking sonar: 118-119
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superalloys: 88, 91, 96
surface environmental effects: 215, 222, 226
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territorial sea: 4
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tertiary sediments: 57, 58
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Thailand: 169, 171, 318

mining laws: 313-314
Third World: 13
Titanic: 124, 151, 152, 154
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United Kingdom (U.K.): 102, 119, 169, 173, 218, 224,

297, 314, 318
mining laws: 314-315
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U.S. Coast Guard (USCG): 249
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U.S. Treasury: 101
University National Oceanographic Laboratory System:

132

vibracores: 143
Virgin Islands: 122, 292, 293, 296, 298

Wake Island: 292
water column environmental effects: 222-223, 226
wave pattern alteration: 218, 224
Williamson & Associates: 162
Woods Hole Oceanographic Institution: 26, 131, 152,

161, 273
wurtzite: 63
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