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ABSTRACT

Over the past five years, research on marine minerals conducted by the
Marine Policy Center at the Woods Hole Oceanographic Institution has attempted
to gain a better understanding of the process by which these minerals are
brought into productive use In society. This technical report results from
concentrated research conducted by a research team under the primary
sponsorship of the National Sea Grant College Program. This report provides
background documentation for the recent publication: J,M. Broadus, 1987,
"Seabed Materials," Science 235�791!: 853-860. It is organized to lead the
user directly to sources that may provide further information on particular
seabed materials. Several presentations of data in the report are of use in
understanding the fundamentals of marine mineral markets including:
descriptions of the size of the marine mineral resource base and the size of
the markets for onshore and offshore sources of marine minerals; price series
for minerals with prospective seabed sources; composite prices for four marine
mineral types; consumption and price "elasticities" of mineral reserves;
trends in mineral exploration inputs and U.S. federal government expenditures
for marine nonfuel resources; maps of existing, proposed, or past entitlements
for marine hard minerals,' a list of known marine polymetallic sulfide  MPS!
deposits and reported grades; world trade flows in zinc and copper; the value
of apparent consumption in tbe United States in relation to imports and
recycling; and a bibliography.
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Sec t ion I: Introduc t ion

This technical report results from several years of concentrated research

on seabed materials conducted by a research team led by principal investigator

J.M. Broadus under the primary sponsorship of the National Sea Grant College

Program, � The title of this report has been borrowed from the title of theI/

annual publication of the U.S. Bureau of Mines: Minet'al Commodit Summaries
 BOM/MCS!. Since 1954, BON/MCS and other Bureau of Nines' publications and
reports have been the most current and comprehensive authorities avaliable to
describe the world markets for the most important mineral commodities. This

technical report attempts to supplement the efforts of the Bureau of Nines by
focusing on seabed materials, some of which are not yet commodities in the

strict sense of the term.

We have organized thi.s report as a reference book. Examination of the
figures and tables in the report will reveal the presentation of information
that is unavailable from any other single source. The report does not attempt

an evenhanded treatment of each seabed material  as in BON/MCS! but instead

/ Research projects sponsored by the National Sea Grant College Program
include:

J.N. Broadus, 1982, "An Economic Analysis of Industrial Structure and
Behavior in the Emerging Seabed Mining Indu.stry," R/S � 7.

J.M. Broadus, R.E. Bowen, and K.M. Shusterich, 1982, Economic and Legal
Aspects of Deepsea Polymetallic Sulfides," R/G-6.

J.N. Broadus, R.E. Bowen, and I. Pires, 1983, "Economic and
Legal/Political Aspects of Polymetaliic Sulfides, " R/G-7.

D.A. Ross and J.M. Broadus, 1984, "The Relationship Between Natural
Resource Characteristics, the Character of the Client Industry, and
Optimal Resource Access Provisions: The Case of Marine Polymetallic
Sulfides," R/G-9.

J.M. Broadus, 1986, "Economic and legal-Political Implications of
Mineral Resource Potential in the U. S. Exclusive Economic Zone: An
Application of Lessons Learned in the Case of Polymetallic Sulfides,"
R/8-9.

Publications resulting from these research projects are referenced in the
text of this report and listed in the bibliography.



works ta provide the most interesting and potentially useful information on

selected seabed materials. The report is organized ta lead the user directly

to sources that may provide further information on a particular seabed

material.

Generalizations and conclusions drawn from the data in this repart can be

found in the recent publication; J.M. Broadus, 1987, "Seabed Materials,"

Science 235�791!: 853-860. The report can be used as a background reference

for that article. In particular, the tables presented in Section II of this

report serve as compilations of data that were incorporated into Figure 1 of

Broadus �987!. Sources for this data as well as for the price series

presented in Section III are included in this report.

The research conducted by the Marine Policy Center over the past five

years on marine minerals has attempted to gain a better understanding of the

process by which these minerals are brought into productive use in society.

This has involved an examination of the economic aspects of mineral discovery,

explorati.on, develapment, and production including the identification and

distribution of resources and reserves, technological capabilities and

changes, and other factors that condition the supply of resources, namely

conservation, substitution, recycling.

Of course, no ane reference material such as this report can hope to be

fully comprehensive. We expect that the sources referred to in each section,

as well as the bibliography of marine palicy publications concerning marine

minerals found in Section X, will direct the reader to areas of interest that

may not be covered fully in this report.

As an accumulation of information from a diverse set of primary sources,

this technical report does not break new ground in the sense of gathering

directly previously-unknown physical data on marine minerals. Nevertheless

there are several presentations of data that we believe are unique and of

significant value toward understanding the fundamentals of marine mineral

markets and supply. These include:

Section II: The most up-to-date information available describing the size af

the marine mineral resource base and the size of the markets for onshore and

offshore sources af marine minerals. Except for diamond, this information is

tabulated in Broadus �987!.



Section III; The potter and Christy �962! and Hanthy �978! price series are
updated for minerals with prospective seabed sources using the same sources of

price data originally selected by potter and Christy. Composite
which appear in Broadus �981!, are compiled here for four marine

primary

prices,

mineral types,

Section V: Using a variety of sources, North American mineral exploration
expenditures over the period 1961 through 1985 are estimated. Other trends in
mineral exploration inputs are plotted using real 1983 prices in all cases.
U.S. federal government expenditures for marine nonfuel resources during 1966
through 1986 are estimated.

Section VI: The world mineral resource map found in Broadus �987! is
referenced here. This map is an update using several sources that have
appeared since the seminal effort of NcKelvey and Wang �970!. This section
also collects, in one place, maps of existing, proposed, or past entitlements
for marine hard minerals.

Section VII: This section includes the most comprehensive list known of
marine polymetallic sulfide  NPS! deposits with references, their legal
Jurisdictions, reported grades and a comparison to existing massive sulfide
mines, and an estimate of discovery effort based upon submersible dives.

Section VIII: This section elucidates world trade flows in zinc and copper
over a seventy<ive year period from 1908 through 1983.

Section IX: This section examines the value of apparent consumption in the
United States in relation to imports and recycling and compares this to the
traditional "percentage measure" employed by the U.S. Department of the
Interior.

Section IV: As a different type of analysis of scarcity, consumption and
price "elasticities " of mineral reserves over the period 1970 through 1985 are
examined here.



gection g ~rer 1300 marine policy publications relating to marine minerals
are listed in a bibliography.

~re detaj,led descriptions of the data presented in each section are
included at the beginnf ng of each section. We welcome any comments,

additions, updates. or criticisms of this technical report.



Sec.tion II: Seabed Material Summaries

have been explained in detail in Summary Tables that follow the figure. The
statistics have been standardized for ease of comparison. It should be noted
the production of material commodities from seabed deposits has occurred for
only a limited number of the listed commodities. Seabed production historiea
are mentioned in the Summary Tables.

The following key corresponds to the column headings in Figure II-2 and
to the row headings in the Summary Tables:

 A! Seabed production: This statistic is recent information on current
production of material commodities from seabed deposits. This does
not include past production, e.g., barite from the Castle Island,
Alaska mine.

World mine produ.ction: This statistic is recent information on
current worldwide productio~ of material commodities from all
deposits. The U. S. Bureau of Nines' Mineral Commodit Summaries
�986! was the primary reference. This reference reports estimated
1985 world production. For hydrocarbons, figures reported by the
U.S. Energy Information Administration �986! were employed.

 C! Estimated average price: This statistic is recent information on
average prices of material commodities. The U. S. Bureau of Mines'
Mineral Commodity Summaries �986! was the primary reference. The
prices have been standardized in dollars per metric ton  t/mt!.
should be noted that most commodities are traded in units that differ
from metric tons  e.g., troy ounces or pounds!, and therefore this
standardization may give a misleading impression of pr'ice.
Furthermore, average prices for some of the commodities with local.
markets  e.g., sand and gravel, shell, others! vary considerably
depending upon the location of the market. Finally, to the extent
possible, these are "minehead" prices. however, some reported. average
prices may contain varying amounts of transportation and processing
costs.

Seabed revenues: This statistic is the product of seabed production
 column A! and estimated average price  column C!.

World revenues: This statistic is the product of world mine
production  column B! and estimated average price  column C!. It
should be interpreted only as a general indicatot of the sime of the
markets for theme commodities, considering the caveats mentioned
already about eetimated average price. Moreover, although aine
productio» in many eases approximates consumption, no account bae
been take» here of stockpiling behavior, recycling, and other
secondary maureen.

Figure II-1  Broadus, 1987! lists selected descriptive statistics for
material commodities that have seabed deposit sources. The statistics have
been collected from a number of reference works and published articles, which



Seabed share of world revenues: This statistic is seabed revenues
 column D! expressed as a percentage of world revenues  column E!.

Seabed reported potential resources: Seabed resource estimates are
taken from a number of references. Many of the estimates are limited
only to the United States- The methods of estimating resources vary
depending upon the resource, but most of the estimates reported here
should be considered "speculative" or "hypothetical resources"
 fo]]owing the classification used by the U.S. Bureau of Mines and
the U.S. Geological Survey!. As noted by Broadus �987!, many of
these estimates could expand through increased resource assessment
efforts or even through a more comprehensive search of the
literature.

world onshore resources: This statistic is, in almost every case, an
"identified resource. " The U.S. Bureau of Mines' Mineral Facts and
Problems �980! and Mineral Commodity Summaries �986! vere the
primary references. The 1985 edition of Mineral Facts and problems
was not used because Bureau of Hines has dropped the use of
"identified resource" and now reports only reserve base," a smaller
classification.

Seabed com arison to world resources: This statistic. is seabed
reported potential resources  column G! expressed as a percentage of
world onshore resources  column R!. Note that the categories of
resources  speculative or hypothetical versus identified! are
different. 'World onshore speculative and hypothetical resources
should be much larger than the amounts reported in column G, and
therefore in most cases a comparison of seabed to onshore would be
smaller.

Resource life index: This statistic is world onshore resources
 column R! divided by world mine production  column B!. Because
world mine production is est,imated over the course of one year
 usually 1985!, the units fot' this life index are in "years-"
Subject to several strong assumptions, the index roughly suggests a
"waiting time" before seabed materials might be called into use but
without considering either growth in consumption or substitution,
recycling, conservation, and technological advance

Pro ected onshore de letion: This statistic indicates a projected
depletion of onshore resources based upon the Leontief et al.  L984!
iup« output model of the world economy. The statistics show the
percent of the 1980 world onshore resource that is depleted by the
year 2o3«sing the pessimistic scenario of a low growth rate in the
lesser developed countries  LDGs!. Note that the depletion estimate
is not bounded at lppg. For example, 12px depletion indicates that
l..2 times the identified resource would be consumed by 2030.

Crustal abundance; For some of the material commodities, this
statistic showa the crustal abundance in metric tons. This is the

imit ou the size of the resource in the earth s crust ~ Wis statistic was not included iu Figure 1.!





CRUM OIL

Data Conversion

 A! 15,128 ' 33 BBLxlO /D

 B! 53,486.00 BBLxIO /D

 C! 10.00 S/BBL

788,834,00 MTOExl0

2,788,913.00 MTOEx103

70,00 5/MTOE

 D!

 E!

f D!xl00j/{E!

Various- b/

 F!

 G! 430.00 BOKx109

{8! 1 ~ 273.00 BBLxl0 9
Masters et al, �983!

[ G!xlOOJ /H33.78 X

65 ' 21 Years  8!/ B!
Leontief et al. {1984!

185.00 X- K! 489,032 ' OO MTCExlO6

 L!

Notes:

a/ 1985 daily average production estimate multiplied times 365, then
converted to MTOE using 7 barrels of oil per metric ton of oil equivalent.

b/ Drew aad Root �982! world "discovered" resource of 200 BGExl09 plus
Masters �985! world "undiscovered" resource, areae "A" and "B" of 230
BGExl09. Note: the Drew and Root estimate does not include Masters' Area
"B  Nina, North America, and the Soviet chion! ~ In addition, offshore
production haa not bean factored out of the Drew and Root estimate. These two
factors counterbalance each other to some extent; however, the resultant
resource estimate is still considered conservative.

« Using 0.688 MTGE/MTCE.

55,218.38 fx10

195 223.91 Sx10 6

28.28 X

61.,429, 000.01 MTOExl0

181,857 F 000.00 MTOExlO3

Source

Offshore  May 1986!�

EIA, p.c. �986!� a/

Broadus, p.c. �986!

 A!K{C!

 B!x C!



NATURAL GAS

SourceConvers ion

246,670.00 MTOExl03

1,296,405.00 NTOKxl03

 A! 28,383.90 FT xl0 /D

 B! 54,449.00 FT3xl09

 C! 2.25 4/FT xlO

Off shore  May 1986!a

95.00 4/MTOE

 D!

 E!

 F!

 G! 61,429. 00 NTOExlO

 N! 9,585.00 FT~xL012

176.04 Years

 K! 150,370.00 MTCExl06 45.00 %

 L!

Notes:

1983 average daily production multiplied times 365, then converted to BOE
using BOE/6000 FT3  Masters, p.c., 1986; Note.' API conversion factor is SOE/
5604 FT !, then converted to MTOE using NTOE/7 BBL.

c A good rule-of-thuab to estimate natural gas resources offshore ia a 1:L
ratio, in terms of heat content  oil equivalents} with crude oil resources
offshore  see: crude oil notes!, The 61,429 MTOExl06 crude oil resource
estimate is z'educed slightly here to get a 60,000 MTOExl06 natural gas
resource estieate because offshore resources tend to be slightly "oilier" than
continental resources  Nasters, p. c., 1986!. In the past, discovered natural
gas resources have been underreported because there uere no aartets.

"Ultimate resources defined as the Sua of cueulative production, proved
reserves, and potential reserves.

e Using 0.688 MTOE/MTCE.

23,433 65 txL06

123,158.47 fxl06

19.03 X

60,000,000.00 MTOExl03

228,214,000.00 MTOExl03

26. 29 %

b Average annual production, converted as above.

EIA, p. c. �986! b

Broadus, p. c. �986!

 A!K C!

 B!x C!

[ D!xl00j/ E!

Variousc

BOM/NFP �980!

[ G!xl00]/8

 8>/ B!

Leontief et al. �984!e
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SAND AND GRAVEL

Conversion

112,300.00 MTxl0

7, 620, 480. 00 MTx10

3.31 5/MT

336.90 !xylo

22,861.44 4xlo 6

Source

Various�

Data

112,300,00 NTxl0

8,400.00 STxIO

3.00 0/ST

 A!

 S!

 C!

BOM/MFP �985!

BOM/NCS  j 986!

 A!x C!

 B!x C!

[ D!xl00]/ E!
b/Various�

 E!

l. 47

MTxl0

MTxl0

 F!

 G! 665,778.00 MTxlO

 H!  very large!

665, 778,000. 00

 very large! BOM/MCS �986!

  G!xlOO]/H

 H!/ B!

 small! ~!

 J!  long! Years

 K!

Source
Tsurasaki �986!
Uren �986!
de Groot �986!
de Grout �986!
de Groot �986!
Galtier �984!
de Groot �986!
de Groot �986!
de Groot �986!
de Groot �986!
de Groot �986!
de Groot �986!

b Sum of the following
Location
Kf. dtlantic
U.S. P cific
U.S. Hawaii
United Kingdom
Japan
Assstralla

re sour c e es t ima tea:
Volume MTxl0 Source
666 n109 600, 000a nuane and Stunnlefield �9861
29 xl09 39,000 Clague, Sischoff and Howell �984!
19 xl09 26,000 Clague, Sischoff and Howell �984!

190es Uren �986!
540 s Tsurasaki �986!

48 Glasby {1986!
665,778

* Using 1.35MT/m3  Nanheim, 1979! and then rounded.
e* "Reserves."

Notes:

Sum of the folloving production figures:
~Ceuntt MTx10 Year
Japan 54,000 1983
United Kingdom 19,500 1985
Netherlands 15,000 1984
Denmark 5,100 1983
Canada 5,000 1983
France 4,200 1982
4'ast Germany 3,800 1984
USA, 3, 000 1980
Finland 1,400 1983
Belgium 700 1984
Iceland 500 1984
Sweden 100 1 984

112,300
The de Groot and Galtier figures have been rounded . Production figures in the
United States are difficult to estimate, because offshore mining activity
occurs on a local or state level and, although sanctioned by the Army Corps of
Engineers, offshore production figures are not aggregated nationally
 Padan,J., 1986, Personal cosmunication, Washington: Office of Ocean Minerals

~ergy0 WAA. July! ~ Gal t ier eatimated 4, 000 MTxl0 U. S. of f Shore
production in 1978 and de Groot estimated 3,400 MTxl03 in 1980.
Nevertheless, these figures should be regarded as highly uncertain.
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INDUSTRIAL SAND

ConversionData

137. 00 MTx1 0

181, 44 0. 00 MTx10

137, 000. 00 MT A!

200. 00 STx1 0

12. 90 j/ST

 B!

14.22 j/MT
 G!

 D!

[ D!xl00! / E!

Estieate Large!

 Very barge! BOM/MPP �985!

[ G!xl00]/H

 H!/ B!

 small! Z

 long ! Years

 L!

Notes:

a Dredging from Pareagaeaga Harbor, Northlaad, New Zealand �979 Figure!,

b Magdalen Silica, Inc. reports 250 I3x106  roughly 338,000 MTxl06! of
recoverable silica sand off the Madeleiae Islands, Gulf of St. Iaureace,
Gsaada  Hale, 1984!.

1, 948. 14 5xio

2,540.16 jxio

0.08 Z

 large! MTx10

 very large! MTxl03

Source

Glasby, 1986

BOM/MFP �985!

BOM/MCS �986!

 A!x C!

 B!x C!
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CALCIUM CARBONATE

Conversion Source

Estimate

Estimate

Date

l6, 666. 67

l,666,666.67

6.0G

100. 00

l0, 000. 00

1 .00

70, 000,000. 00-
90, 000, 000. 00 MTxlO

70,000.00-
90,000.00 MTx106

 very large! HTxlO3

 small!

 H!  very large! Es ti mate

[ G!xlOOj/H

 8!/ B!  long ! Year s

 L!

No'tea+

a Glasby �979! reports the following data supplied by the Institute of
Geological Sciences, london, Rhgland:

~counrr Seabed Production Value

~ US x106!MTx !

16,290

Iroadus �985! rounds 95.2 fxl06 to lGG gxl06 and estimates an average
price of 6-00 52tHT to derive similar seabed end world production estimates.
Note: Q.ashy also estimates seabed production at lass than one percent of
world mine production.

b Iahassian offshore aragonite reserves. Note: Earney �986! reports the
existence of 35 years of shell sand reserves in Iceland based on current
production rates �15 m xj03/year!. @sing Glasby's estimate for icelandic
production of 160 MTxl03 in 1977, Iceland has an estimated 5.6 MTxl06 of
shell sand reserves �5 x 160!. Glasby �986! reports on Svmeerbayes'
estiaates of 1 MTxl014 of calcium carbonate on the Campbell Plateau, New
ggalmnd. but he mentions also that: "it is unlikely that calcium carbonate
wi11 be i ed off New Zealand within tbe foreseeable future."

 A!

 E!

 G!

 D!

 E!

 F!

 G!

lhited States
Franca
Iceland

piji
Bahamas
Others

14,000
900
160

80
900
25G

KTxlO

MTxl0

fxl0 6

SxlG6

Broadus �985!

Glasby  l979!

Glasby �979!

[ D!xlOOJ / E!

Eerney �980!b

67.00
25. 00

0.80

0. 10
1.50
0. BO

99.20
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SULFUR

SourceConversionData

380.95 MTx10 Broadua �985!3
  A! 380. 95 MTx10

 B! 54,000. 00 MT 10

  C! 10 4.68 4/MT

 D!

 G! 27,125.00 MTxl0

 H! 5.00 MT 10

0.54 X

92. 60 Year s
 J!

 K! 6,020. 00 MT 10 120. 40 X

 L!

Mo tea;

a/ U.S. seabed "probable reserve" estiaate, 17.5X of U.S. "probable reserve
estimate Of 155 MTX10 . G. Carpenter, persenal ceeauniCatioaR Minerals
Managenent Service, U.S. Department of the Interior, Reston, Virginia, July
28, 1986.

54, 000. 00 NTxl0
3

104.68 fi/MT

40.01 SxlG
6

5,760.00 fxl0

0.69 X

27, 125. 00 MTxl 0
3

5ROGOROOO 00 MTxlo
3

BOM/MCS �986!

BOM/MCS �986!

 A!K C!

 B!x C!

[  D!%100] / E!

Carpenter, p.c. �986-a/

BOM/MFP �980!

  G!xl00]/H

 H!/ B!

Leontief et al. �984!
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BARITE

Conversion SourceData

 A!

6,230.00 STxl0 3

28,00 4 /ST

5, 651. 90 MTxlO

30.86 0/MT

BOM/MCS �986!

BOM/MCS �986!

 B!

 C!

175.21 gxl0  B!x C!

2, 086. 56 ÃZx10

453,600.00 MTxl0 3

1,800, 000. 00 MTx10

2. 30 STx10

500. 00 STxl0

2.00 STxl0

Earney �980!

BOM/MCS �986!

BOM/MCS �986!

~ G! looi /Hl

[ G!xl00j/H2

 Hl!/ B!

 H2!/ B!

 Hl!

 82!

0. 46

0. 12  12!

80.30 Years

318.48 Years J2!

 K!

9. 40 MTxlO 9,400.00 MTxl0 Erickson �973!

Notes:

83 are identified resources. 82 are resources in all categories
 iecluding speculative and hypothetical!.

c IaLriue.

a Barite deposit formerly in production at Castle Island, Alaska. This
estieate incIudee cusulative production through 1975. The deposit occurs
above and below sea level, but it was depleted first on the surface and then
ained below sea level so that it is now considered a seabed deposit. Earney
�980! reports other barius sulfate concretions offshore San Cleeente,
Ce1ifornia; the Kai Islands, Indonesia; and Colosbo, Sri Lanka-



-15-

PHOSPHATE ROCK

ConversionData Source

�.50 MTxlO !

159, 000. 00 MTxl03
23. 50 $ /MT

 A!

 B!

X!

NTxl0

MTx103 BOM/NFP �980!

j G!x100]/H

 H!/ B!

6.08 X  I!

 J!

 K!

 ~!

814.47 Years

16.10 MT 109
28.80 MTxl015

X

MTxl012
12. 40

28, 800. 00

Leontief et al. �9!

Erickson �973!

* Phosphorite is technically a heavy mineral.

a Yates, Spagni and Keane �986! report offshore "phosphate sand" production
at San Domingo, Ba!a California, Mexico by Roca Fosforica Mexicana S.A.d.C.V
 Rofomex!, the national phosphate rock mining company. Offshore operations
have since been terminated, however, due to the low grade �-5X phosphate! a>
difficulties encountered in dredging the very hard, mixed phosphorite-calcim
carbonate deposit  Stowasser, W. F., 1986, Personal communication, Washington
Bureau of Mines, U.S. Dept. of the Interior, July!.

Sum of the following resource estimates:

MTxl06Location Source

Riggs �985!
Clague et al. �984
NcKelvey �986!
Yates et al. �986!
Bar tlet t �986!

U.S. Atlanti c
U.S. Pacific
Chatham Rise, New Zealand
Ba!a California, Mexico*
South Africa

Note: Nero �965! estimated a resource of 300 NTx10 of pho p
world's continental shelf. Assuming tha't 10 percent might
recoverable, Roonwal �986! estimates reserves of 30 NTxl0-

 C!

 D!

 E!

 F!

 G! 7, 873. 00 MTxlO

 H! 129, 500. 00 MTxl0

�,500.00

159,000.00

23.50

�6. 00

3, 816. 00

�. 94

7,873,000.00

129,500,000.00

4, 500
115

3,200
50

8

7, 873

MTxlO !

MTx103

0/MT

4xl06!
gxi06

Yates et al. �986!

BOM/MCS �986!

BOM/MCS �986!

 A!x C!a

 B!x C!

[ D!xloo]/ E!

Varioue b
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sourceConversionData

!fXxl0

ÃZxlo

28. 00 Rhc10

 B! 201,000.00 NT

gxl0 6

fx10

3.00 4/LB C!

 D!

[ D!xl00]/ E!

Various- b/

BOM/HFP �980!�

[ G!xlOOJ/8

ÃZxl0

ÃZx10

 F!

 G! Kfx10

mrx103
2,429.00

37,000.00

7.25 I!

 J!  H!/ 8!

Leontief et al. �984!

Erickson �973!

171. 64 Years

NTx10

Mfx10

105.14

40.80 mrx10

38, 900. 00

40. BO L!

Motes s

a/ Using U.M. Economic and Social Q>uncil �985! estimates of seabed
production as a share of total production in 1982  dervied fran Galtier, 1984! ~

 x!
BOS �985!

Nine Production

 Y!
Seabed

Production

�!
Seabed

ProductionLocation
 ÃZxlO !  92 of X!  ÃFxl0 !

12. 00

11.40
4.60

28. 00

60

57
100

20.00
20. 00

4.60

Thjai 3.and
Indonesia

~ted Kingdom
 Qornwall!

source
Hi~xnruk and Metayara!csa �984!
Sujitno �984!
%hite �984!

location Reserves
~~K 803
Indonesia 385
United ~gdcm 3

1606* l606
82D 820

3
2429

 Rounded Total ~ 2500!

~ Dur cwn resource estimate for Thailand calculated
by ueing Su!itno's �984! ratio of reaervea tO
~marces of 50a in Indonesia.

c/ Neahmd resource estimate  G! subtracted fran world onshore resource
. of 37 IPx106

28. 00

201.00

6,613.80

185.3.9

1,329. 41

13.92

2,500.00

34,500.00

b/ Sum of tbe following seabed resource estimatese

Various- a/

Bo~!pcs �986!

Broadus, p. c. �986!

 A!x C!

 B!x C!



-17-

TITANIUM METAL

Conversion SOUrre
Data

 A!

89.81 MTxl03 B! 99,000.00 ST

 C! 5.55 5/LB l2,235. 53 4/MT

 D!

1, 101. 24 gxl06
 E!

 F!

�97,483.00 NTxl0 ! H! �97,483,00 NTx103!

 K! 280, 000. 00 MTx103

 L! 153. 60 MTx1015

40.14 X

153,600.00 MTx1012

Notes:

See: rutile and ilmenite

See: rutile and ilmenite

See. rutile and ilmenire

Contained titanium metal in rutile and ilmenite.

BOM/MCS �986!

BON/MCS �986!

 A!K C!

 B! x C!

[  D! xi GO]/ E!

BOM/MFP  l980!a

[ G!x100]/ H!

 B!/ B!

Leontief �984!/ H!

Erickson �973!
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RUTILE

SourceConversionData

 A!

355. 62 MTxl0

363.76 $/MT

392.00 STX10

330.00 5/ST

 B!

 C!

129. 58 gx10

 F!

13.40 STx10

200.00 STxl0

13,056. 48 MTxlO

181,440.00 MTxlO

7.20

509.66 Years

 K!

 L! See: Titanium

12, 156.48»
900. 00

13,056.48e*

Manheim �979!
Siddiquie et al. �984!

Atlantic & Gulf
Mosamb iqus

e "Undiscovered marginal resources" from the
Atlantic and Gulf shelves  originally from
McRelvey, 1968! .

*e Rounded to U,060.00 MTx10 in Broadua �987!.

lS tes ~

a Sum of the follosing seabed resource estimates:

BOM/MCS �986!

BOM/MCS �986!

 A! x C!

 B!x C!

f D!xlOOj/ E!

Various a

ROM/MCS �986!

[ G!xl00j/H

 H!/ B!
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IlÃENITR

Cony er s ionDsta Source

 A!

4, l86,73 MTxlO

48.50 f/MT

4, 615. 00 STx10

4 4.00 4/LT

 B!

 C!

205.16 !xl0
 E!

230,536.78 ÃZxlO

907,200.00 mxlO

25.41

1.00 STxl0

217. 00 Year s

 L!
See: Titanium

Notes:

Sum of the following seabed. resource estimates:

M~03Location Source

Manheim �979!
Siddiquie et al �984!

* "gndiacovered mLrginal resources" from %he
Atlantic and Gulf Shelves  ori8inally from
McXelvey, 1968! .

** Bounded to 230,500.00 MTx10 in Broadnm
�987! .

U.S. Atlantic and Gulf Shelves 180 ~ 536.78a
Moxambique 50 000.00

BOM/NCS �986!

BOM/MCS �986!

 A! x  C!

 B!x C!

[  9! xlOO J / E!

Various
a

BQ4/MCS �986!

[ G!xl00!/H

 B!/ B!
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2 IRCQNIUM

Convereion Source

708,52 MTxlO

181.88 t/MT

781,000.00 ST

165 .00 4 /S T C!

129.G4 fxl0

29,038.72 MT/10

54,432.00 MTx103

27. 60 STxlG

60. 00 S Txl 0

 G!

53.35 X

77. 77 Year s

MTxl03Location
Source

U-S htlantic and Gulf 25,038.7P' Manheim �979!
Moaanbique 4 000.00 Sidd iquie, et al. �984!

2',O.BI. ~P»

* Zircon undiscovered marginal resourcea" from the Atlantic and  hlf Shelves
 ori8inally from McKelvey, 1968!.

No tes;

Sum of the folloving seabed resource estimates:

* Rounded to 29,040.00 MTxl03 in Broadus  l987!.

BOM/MCS �986!

BOM/MCS �986!

 A!x C!

 B!x C!

[ D!xl00] / E!

Various a

BGM/MCS �986!

f G!xlOG]/H

 H!/<B!



-21-

Conversioa Source

 A!
0. 07 MTxl03

80. 00 ST

105. 00 4/LE 231 $483. 00 4/MT
 G!

16. 89 gx106

290.39 KCx10

544. 3 2 MTx1 03
250.39 MTxl03

544.32 MTx10

 G!

53.35 X

7, 452. 05 Ye ar s

 K!

 L!

Notes:

Hafnium resources estimated at one-hundredth the size of zirconium
resources .

a Average of reported extreme sponge price values.

BOM/MCS �986!

BOM/MCS �986!

 A!x G!

 B!x G!

[  D!xlOOJ / B!

See: Zi rconiumh

See: Zirconium

[ G!x100]/H

 H!/ B!
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SourceConversionData

 A!

0,40 MTxl0 Hedrick, p.c. �986!
400.00 MT B!

35,020.00 4/MT3S.02 0/XG C!

 D!

14.01 gxl06
 E!

 F!

3,447,36 MTxl03 G! 3,80 MTx106

 H! 190,000.00 ST 172.37 MTx10 BOM/MFP �980!

I G!xl00]/8

 H!/ B!430, 00 Yea r s

Notes:

h Monasite  a source of yttrium, thori,um, and rare earths! "undiscovered
marginal resources" from the Atlantic and Gulf shelves  originalIy from
McKslvey, 1968!, rounded to 3y450 ~ 00 MTxl0 . This same figure also is used
for thorioa.

* James B. Hedrick, Mineral commodity Specialist, U.S. Bureau of Mines, Personal
conmenication.

a Contained yttrium oxide in monazite concentrates. *

BOM/MCS �986!

 A!x C!

 B!x C!

[ D!xl00]/ E!

Manheim �979!
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THORIUM

ConversionData Source

 A!

l. 54 MTxl03 R! 1,544.00 NT

�! 35, 85 4/KG

RON/MFP �985!a

ROM/NCS �986!

 A!x C!

 R! x C!

[ D!xlOOI/ E!

Manheim �979!c

ROM/MFP �980!

[ G!xlOO]/H

 R!/ R!

35,850. 00 f/MT

71 ~ 70 fxl06

3,447.36 MTxl03

5, 168.32 MTxlp

 <! 3. 8 MTxl06

 }}! 5,697.00 STx103

2, 584.00 Years

140.00 MTxl01214P.OO NTxlP12 Krickson �973!

Notes:

a 1983 world production.

b Thoriums oxide, 99Z grade.

Nonazite  a source of yttriuis, thorium, and rare earths! undiscovered
marginal resources" fraa the Atlantic and Gulf shelves  originally froe
NcKelvey, 1968!, rounded to 3,450.00 MTxlp . This sane figure also ie used
f or yt tr i~.



Conver s ion Sourcehata

10,600. 00 STxl03 9, 616. 32 MTxl03

42. 00 5/NT42.00 4/MT

403.87 4x106 E!

348658.00 MTxlO

32,659,200.00 MTxlO

34, 658. 00 MTxlO

36. 00 8Txl09

0.11 X

3,396.34 Years

1.36

2,600.00 MTxlO

443, 000. 00 MTxlO

2. 60 M~O

Notes:

a South Aftican chraeite ore.

b S~ of the following resource extinates:

location MTxl03 Source

2 7,000
4,500
3 138

34,838+

USGS �979!
Glasby �986!
OTA �985!

+ Broadus �987! reports U.S. resource
estimate only.

Oregon
Lee, Merobe Coast, Papua New Guinea
Southwest Oregon Beach Sands

BON/MC8 �986!

BOM/MCS �986!

 A!x  C!

 B! x C!

[ D!xl00] / E!

Various

BOM/HFP �980!

[  G! xl00] /H

 >!/ B!

Leontkef �984!/ H!

Erickson �973!
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Source

CCT  l987!-

BOM/MCS �986!

MM/MCS �986!

ConversionData

30. 00 TROZxl0

47.00 TROZxlo

0. 90 MT

l. 4l MTxlO

 A!

10,600,000. 00 5/MT3l8.00 4/TROZ G!

9.54 fxl0

10,600.00 fx10 6

0,09 Z

 A!x C!

 B!x C!

 D!

 E!

 F! [ D!xlOOj/ E!

USGS �979!�0. 87 MTxl0

72, 00 MTxl0

29. 00 TROZxl0
6

2. 40 MTx 1 0 BOM/MCS �986!

[  G!xl00 j/8

 H!/ 8!

Leontief et al. �984!

Erickson �973!

0.28 X

72. 00 Years

443. 06 X K! 319,000.00 MT

0.08 MTxl084.00 MTxl0 L!

Notes:  also see: Silver notes!

/ U.S. estimates for:

TROZxl06Location

10.00
13.00»

6. GG

Gulf of Alaska, Alaska
Bering & Chukchi Seas, Alaska
Columbia River & Coos Bay, Oregon

29. GG

*   Betmeen 5 and 20 TRGZx106!

"Barge Sifts 30,000 Ounces of Gold in Waters Off Nome," Cape Cod Times
 September 19, 1987!.
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SZLVER

Conver s ionData Source

11.82 MTxl0

206,666.67 $/MT C!

 D!

2,480.00 $x10 P.!  B!x C!

 P!

742.65 MTx10  8! 24, 7 55. 00 TROZx10 BOB/MFP �980!

61. 92 Year s  N! / B!

294. 75 X Leontief et al. �984!

1.80 MTx10 Erickson �973!

Notes:

e Bolton et al. �986! report the occurrence of silver and gold ia
ferreaangaaeae crusts fron a backwrc setting in the soutwest Pacific near
Auatralia end New Zeal.and.

394,00 TROZxlO

6.20 4/TROZ

 K! 2,190.00 NTxlo

 L! 1.80 NTklO

BOM/MCS �986!

BON/NCS �986!
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PLATINUM

SourceConversionData

 A!

 B! 7,400.00 TROZxlO
3 0.22 MTxlO

3 BOM/MCS �986!

BOM/NCS �986!9,000,000.00 5/MT C! 270.00 4/TROZ

1,998.00 gxlG6
 B!x C!

0. Gl ÃTx1.0
3

99. 00 NTx 10

0.35 TROZxl0
6

3.30 TROZx10
9

USGS �979!

BOM/HCS �986!

; G!xiOOjH

 R!/ B!

Leontief et al. �9B4!

Erickson.  l973!

 G!

0.01

 J!

 K! 12,400.00 HT

445. 95 Year s

12.53 Z

l. 10 MTxlO1. 10 ÃFxlO

Notes:

U.S. estimate only of "identified resources" off Columbia River and Coos
Bay, Oregon. Not included are recent estimates of platinum in "cobalt crust"
deposits located in the EEZs of U.S. Trust and Affiliated Territories or of
manganese nodules located between the Clarion and Clipperton fracture zones:

TROZxl06 MTxlO3Mineral Source

Clark et al. �985!
Manheia �986!

2.34
0. 40-1. 50

78, 15Crusts
Nodules

Hslbach �984! reports platinum enrichment in crusta from the central Pacific
region. The U.S. Bureau of Mines has been involved in a resource aseessaent
of platinum-grou~tal  PQM! placers south of Goodneue Bay, Alaska  Jeans C.
Barker, 1986, Presentation at 17th Annual Underwater Mining Institute, Bl3oxi,
Mississippi, November 3!.
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D IAMOND

 not e change s i n mess ur e s !

SourceConversionData

1, 426, 800,000. 00 $/MT BOM/MFP �985!

28,520.00 gx10  A!x C!

5,945.80 gx10  B!x C!

  C! 285. 35 5/ CT

 E! 5, 945. 80 4x10

0.48 X [ D!xl00] / K! F!

 G!

BOM/MFP �985!-/250. 00 CTx10 50.00 MT

11» 99 Year s  8! / B!11.99

Notes:

~~ South African "alluvial" and marine production reported by Bartlett
 l986!. Hale and McLaren �984! reported 50,700.00 CT of ge~nality diamonds
recovered off Namibia in 1.979-80. Lampietie  unpublished, Oceans '86
conference meeting, on marine minerals! reports artiaanal diamond mining
occurring oif Namibia at present.

b~ Manhood prices vary widely due to several factors. 1hia price is the ~r
carat 1983 rough natural diamond declared va1ue for consmption in the whited

s»

c/ world gem diamond "reserve."

 A! 100,000. 00 CT

  B ! 20, 837 ~ 00 CTx103

O. 02 MT

4.17 m

Bartlett �.986!

BOM/MFP �985!
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COSALT

SourceConversionData

31.84 MTxlG BOM/MCS �986!

BOM/MCS �986!

  B! 35, 100. 00 ST

 C! 11.50 g/LB 25,352.90

811.30 4xio E!  B!x C!

 G! 6.40 � 24.00 MTxl0

 H! 12.00 STxl0

6-24, 000. 00 MTxlO
3

10, 886. OG MTxl0
3

Manheim �986!�

BOM/MCS �986!

[ G!xlooj/8

 8!/ 8!

55.12-220.47

340.19 Years

 K!

600. 00 MTx10 600. 00 ÃZxl0
12 Erickson �973!

Notes:

a/ Estimate for manganese nodules located betueen Clarion and Clipperton
fracture zones. Does not include the folloming other estimates: 39,780-0o
MTxl03 for cobalt in "crust" deposits located in the EEZs of U.S. Trust and
Affiliated Territories  Clark et al., 1985!; 2,487.0G MTx103 for cobalt in
"crust" deposits located in the EEZ of Hawaii  Hawaii and MMS, 1987!; cobalt
"uorld resources" in seabed nodules of 226,800.0G MTxi03  BOM/MFP 1980!;
cobalt proven reserves" in Red Sea muds at the htlantis II Ieep of 5.23
MTxl03  Mustafa et al., 1984!.
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NICKEL

SourceConversionData

 A!

744.81 ÃZxl0 BOM/MCS �986!

5,026.49 5/HT BOM/HCS �986!

 B! 821,000. 00 ST

  C! 2.28 4/LB

 D!

3,744.37 kxlO < B!* C!

 F!

 G! 35-131,00 MTxl0 6

 H! 143.00 STxl0

76. 77 X

2.13 HTxl0 Erickson �973!12

Notes'.

a/ Estiaate for Isanganese nodules located betveen Clarion and Clipperton
fracture zones. Does not include the follovin8 other estimates: 21,380.00
MTxl03 for nickel in crust" deposits located in the EEZs of V.S. Trust and
Affiliated Territories  Clark et al., 1985!; 1,304.00 MTxl03 for nickel in
"crust deposits located in the EEZ of Hawaii  Eavaii and MHS, 1987!; nickel
"vorld resources" in seabed nodules of 689,472.00 MTx103  BOM/HFP, 1980!.

 J!

 K! 99,590. 00 MTxl0

 L! 2. 13 MTxl0

35-131,000. 00 MTx103

129,730.00 HTxlO

26 ~ 98-100.98 X

174.13 Years

Manheim �986!� a/

BOH/HCS �986!

[ G!x100j/H

 H!/ B!

Leontief et al. �984!
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MANGANESE

SourceData Conversion

 A!

23, 405. 76 NTxl0 BOM/MCS �986!3

140.74 5/MT BOM/MCS �986!

 B! 25,800.00 STxlO

1.43 5/LTU C!

 D!

3, 300.25 !xl0 6   B!K C!

Manheie �986!b G> /06. GO-

2 600.00 MTxl06
706, 000. 00-

2, 600, 000. 00 MTx 103

  H! 1 2, 000, 000. 00 STxl0

 K! 1, 810,000. 00 MTxl0

3l.20 NTxl0

Ho tes:

a Manganese ore �6-48X Nn! price expressed in long ton units, or
on~undredth of a long ton.

b Estieate for manganese nodules located between Clarion and C1ipperton
fracture sones. Does not include the following other est%eaten: 1,084, 100.00
MTxl03 for eaaganese in "cruet" deposits located in the EEZs of U.S. Trust
and Affiliated Territories  Clark et al., 1985!; 44, 651.00 MTxl03 for
nanganese in "crust" deposits located iu the KKZ of Hawaii  Hawaii and MNS,
1987!; manganese "world 'resources in seabed nodules of 16,329,600.00 MTx103
 BOM/MFP, 1980!.

10, 886, 400. 00 MTx103

6.49-2 3. 80 Z

465. ll Years

16 ~ 63 X

31,200. 00 MTx? 0

BOM/MCS �986!

f  G!xlOOJ/8

 H!/ B!

Leootief et al. �984!

Erickson �973!
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COPPER

SourceConversionData

7,805.00 MTxl03

1,474.88 $/MT

 B! 7,805. 00 MTx 103

 C! 66.90 c/LB

BOY/MCS �986!

BOM/MCS �986!

 D!

11,512.38 gx106  B!x C!

 F!

33-314,200.00 MTxl03

1,600�00.00 MTxl03

�! 33-314, 200. 00 MTx103

 H! l. 60 Htx109

2 ~ 07-19.64 X

205.00 Years

 K! 1,383.00 MTxl06

 L! 1,510.00 MTxl012

86.44 Z

l, 510,00 MTx1012

Notes:

Location

Clarion-Clipper ton Zone Nodules
World Marina Polymetallic Sulfides
Red Sea Metalliferous Mude

MTxl03

29-108, 000*
4-215, 600

600

Source

Manheie �986!
Broadus �984!
Muatafa et al. �984!

33-314,000

+Copper "world resources in seabed nodules have also been estimated at
700,000.00 MTxl P  BOM/MPP, 1980!.

a Seabed copper resources are estimated as follovs:

Vari ousa

BOM/MCS �986!

[ G!xlOOJ/8

 H!/ B!

Leontief et al.   1984!

Erickson �973!
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ZINC

ConversionData Source

 A!

6,560.00 MTxl0 BOM/MCS �986!

892.86 4/MT BOM/MCS �986!

 B! 6, 560.00 MTxl03

 G! 40. 50 c/LB

5 858 08 gx106  B!x C!

 G! 10.74-518.04 MTxl06

 H! 1.80 MTxl09

10, 740-518, 040. 00 HTxl0

1,800, 000.00 ÃI'xl03

0.60-28.78 X

274.39 Years

848.00 MTxlo6

 L! 2,250.00 MTxlOI2

47. 11

2~ 250. 00 MTxl012 Erichypn �973!

No tee:

Seabed zinc resources have been estimated as follows:

Locat f on Source
8, 300 � 515,600 Broadus �984!

2 440+ Mustafa et al. �984!
World Marine Polyeetallic Sulfides
Red Sea Metalliferous Muds

* "Proven reserves" of zinc.!

Vsriousa

BOM/MCS �986!

f G!xl00]/H

 H!/ B!

Leontief et sl.  %984!
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Conversion Source

 A!

 B! 3,350.00 MTxl03

19.00 c/LB C!

1,403.65 4zl06  B! x C!

 Possible occurrence in sLarine polymetalllc sulfides?!

1,400,000.00 MTxl03 BOM/MCS �986!1.40 MTxl09

417.91 Years

45.64 X

290.00 MTxl012

Notes:

639. 00 MTxl06

290.00 MTxlOl2

3, 350.00 MTxI03

418. 87 4/MT

BOM/HCS �986!

BOM/MCS �986!

 H!/ B!

Leontief et al.   1984!

Bric@son �973!
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Section III: Price Series

Data on the estimated average prices of several material commodities are
tabulated here. The primary references are Manthy � 978!, following Potter
and Christy �962!, and the U.S. Bureau of Mines �98S, 1980!. Other specific

linear  solid line! and quadratic  dashed line! fits are shown. 'Ihese plotted
series and fits appeared in Broadus  l987!. The deflating, indexing, and
curve fitting for these price series was conducted by Andy Solov, Marine
Policy Center, WHOI. The fits are not necessarily reliable indicators of
price trends over time and have been constructed only as a general guide to
inspection of the time series.

Composite price series vere constructed for sand and gravel, manganese
nodules, cobalt crusts, and marine polyrsetallic sulfides. These composites
are grade~eighted prices, using sn average weight percent estimated for
specific material commodities found in these seabed deposits. The U. S. Bureau
of Mines estimated average price for sand and gravel vas used without
modification. The follovi.ng weight percents vere used for nodules  Haynes and
Lav, 1982; Manheim, 1986!:

0. 2'
l. 28

25. 40
1. 02

Cobalt
Nickel
Manganese
Copper

The folloving weight percents were used for cobalt crusts  Manbeim, 1986!:
0. 73X
0.47

23. 06

Cobalt
Nickel

Mangane ee

Tbm folloving weight percents vere used for marime polymetallic sulfides from
ibm RI 8 East Pacific lU.se deposits  Biscboff et al., 1983!:

32. $0X
0.81

sources are named in the tables. Wherever possible, data used by Manthy are
updated using the same reference raaterials that he employed. Because the data
for these price series are derived from a number of different sources, it has
not been possible to obtain series of identical length. The prices are
deflated with the consumer price index  CPI! published by the U. S. Bureau of
the Census �985, 1976!  see Table III-1!. Deflated prices are indexed to
l967 as a base year �967~100!. The figures appearing in. these tables have
been rounded for presentation. In several cases, following Slade �982b!,
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Table III-l: CONSUMER PRICE INDEX

�967 100!

pp. 210-211Sauree: R!C/Hist. Stat . �976!,

Year
1962

1963
1964
1965
1966
1967

1968
1969
1 970

Index
90. 6

91. 7
92. 9
94. 5
97. 2

100.0
104. 2
109. 8
116. 3
121,3*
125.3
133.1
147. 7

161.2
170. 5
181. 5
195. 4
217,4
246.8

272.4
289.1
298.4
310. 7

1971
1972
1973
1974

1975
1976
1977
1978
1979
1980

1981
I 982
1983
1 984

+I0C/Stat. Abet. �985!, p. 475.

Year.
1870
1871
1872
1873
1874
1875

1876
1877
1878
1879
1880
1881

1882
1883
1884
1885
1886
1887
1888
1889
1890
1891

1892
1893
1894
1895
1896
1897

1898
1899
1900
1901
1902
1903

1904
1905

1906
1907
1908
1909

1910
1911
1912
1913
1914
1915

Index
38. 0
36. 0
36. 0
36. 0
34. 0
33. 0

32. 0
32. 0
29,0
28. 0
29,0
29. 0
29. 0

28. 0
27. 0
27. 0
27.0
27. 0
27. 0
27. 0
27. 0
27,0
27. 0
27. 0
26. 0
25. 0
25. 0
25. 0

25. 0
25. 0
25. 0
25. 0
26. 0
27. G

27. 0
27. 0

27. 0

28. 0
27. 0

27. 0

28. 0
28. G
29. 0
29. 7
30. 1
30. 4

Year
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925

1926
1927
1928

1929
1930
1931

1932
1933
1934

1935
1936
1937

1938
1939
1940
1941
1942
1943

1944
1945
1946
1941
1948
1949

1950
1951

1952
1953
1954

1955

1956
1957
1958
1959
1960
1961

Inaex
32. 7

38. 4
45.1
51. 8

60.0
53.6
50.2
51. 1
51,2
52.5
53,0
52,0
51,3

51. 3
50.0
45.6

40.9
38. 8
40,1

41. 1
41. 5
43. 0
42. 2
41. 6
42. 0

44.1
48. 8
51. 8

52. 7
53. 9
58. 5

66. 9
72. 1
71.4

72. 1
77 ~ 8
79. 5

80. 1
80. 3

80. 2

81. 4
84,3
86 ~ 6

87. 3
88,7
89. 6



-37-

The plots and price seri.es are arranged as follows:

III-la
III-lb

Plot
Price Series

Chromite

III-2a

III-2b
Plot
Price Series

Tin

I II-3a

I II-3b
I II-3c

Plot
Price Series
Price Series

I II-4a
III-4b

Plot
Price Series

III-5a
III-5b

Plot
Price Series

Sand and Gravel

Crusts ~Com suite

Nodule ~Com osite

Co balt

Many,a nese
Nickel

Copper

III-12a
1II-12b
III-13

Plot
Price Series
Price Series

NNN ~cpm osite

Zinc
Copper  see above!

TitaniusL Metal

Rutile

Phosphate Rock

Plot
Price Series
Plot

Price Series
Price Series
Price Series
Price Series
Price Series

III-6a

III-6b
III-7a

III � 7b
III-B
ril-S
III-1G
III-11
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Figure III-la
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Pr ice
5/sTYear

Figure

1900
1901

1902
1903
1904
19G5

I 906
1907

1908
1909

1910
1911

1912
1913

1914
1915
1916
1917

1918
1919
1920
192l
1922
1923

1924
1925

1926
1927
1928
1929

1930
1931

1932
1933
1934
1935

1936
1937

1938
1939
1940
1941

1942
1943

1944
1945
1946

III-lb

10.0
15.7

14.5
15.0
15. 0
17. 1

16.8
19.5

20. 2
13. 9

13.3
13. 6

13. 7
ll. 2

14.8
11. 2
15.4
24. 0

48. 0
25. 5

18. 0
10. 3
20. 5
16. 8

4.0
19. 5

14. 8
25. 2
22. 4
14.8
23.8
13.1

13.9
13.7
12.6
12.0
11.0

6.5
13. 2
13. 0

10. 8
21. 5

29. 7
33. 7

41. 0
42. 7
28. 7

Def lated

Price

0. 40
0.63
O. 56
0. 56
0. 56
0. 63
0. 62
0. 70

0. 75
0. 51

O. 48
0.49

0 ~ 47
G. 38

O. 49

0. 37
0. 47
0. 63

1. 06
0. 49
0. 30
0.19
0.41

0. 33
0.08

0.37

0.28
0.48
0. 44

0.29
0. 48
0. 29

0. 34
0. 35
0.31
0. 29
0. 27
G. 15
0.31
0.31
0. 26
0,49
0. 61
0. 65

0. 78
0. 79
0. 49

CHROM! TE

Index

~1967 100!

113. 32
177. 91
157. 99
157.39
157. 39
179.42

176. 28
197. 30

211. 95
145.85
134. 57
137. 60

133. 83
106. 83
139. 30

104. 37
133. 42

177. 06
301. 52
139.46

84. 99

54. 44
115. 69

93. 14

22. 13
105.23

79.11

137.29
123.70

81.73
134.85

81.39
96.28

100.03
89.02
82.72
75. 09
42. 82
88. 62
88. 53
72. 85

138. 12
172.42
184.31
220.40
224.43
l38. 99

Quad ratic

149. 34
148, 54
147. 76

146.99
146. 24

145.51
144. 79
144. 08
143. 40
142. 73
142. 07

141. 43
140. 81

140. 20
139. 61

139. 03
138. 47

137. 93
137.40
136.89
136.39

135.91
135.45
135.00
134. 57
134.15
133. 75

133.36
132. 99

132.64
132.30
131. 98
131. 68
131. 39
131. 11
130.85
130. 61
130.38
130.17
129. 98
129.80

129.64
129 49
129 ' 36
129.24

129 14
129. 06



Figure III-lb
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CHROMITE  contd!

Pr ice

$/STYear

1947
1948

1949
1950
1951
1952
1953
1954

1955
1956
1957
1958
1959
1960

1961
1962
1963
1964

1965
1966
1967
1968
1 969
1970
1971
1972
1 973
1974
1975
1976
1977
1978

1979
1980
1981
1982

1983

21. 6
29,0

31. 0
45.2
81. 1
93. 5
65.4
49.1
48.6
47.1
52. 7
43. 0
35. 9
35. 6
35. 8
32. 8
29.0
31,8
33. 3
32. 6
35. 3
33. 5
35. 7
45.5
49.3
52.8
45. 1
51,7
97.0

110.0

106.0
101.0
109.0
ll5.0
111.0
1 j.7.0
109.0

Def lated

Price

0. 32
0,40

0. 43
0. 63

1. 04
1. 18
0. 82
0. 61

0. 61
0. 58
0. 63
0.50
0.41
0.40
0.40
0.36
0. 32
0. 34
0. 35
0. 34
0. 35
0. 32
0. 33
0.39
0. 41

0.42
0.34
0.35
0.60

0.65
0. 58
0 ~ 52
0. 50
0. 47
0. 41
0. 41
0. 37

Index
�967~100!

91. 47
113. 95
123. 00

177. 60
295. 32

333.19
231.31
172.80
171. 68
163,92
177. 10
140. 67
116. 50
113.70
113. 19
102.56

89. 59

96. 97
99. 83
95. 02

100. 00
91. 08
92. 11

110.84
115.14
119.38

95. 99
99. 16

170. 47
182,73
165.45
146.47
141. 93
132. 02
115. 30
114. 74
103. 40

Quad ra t ic

128. 99
128.94
128.90

128.88
128. 88

128.89
128.92
128.96
129.02

129.10
129.18
129.29
129.41
129.55
129. 70
129.87
130. 06

130.26
130. 48
130.71
130. 96
131.23
131.51

131.80
132. 12
132.45
132. 79
133.15
133. 53

133. 92
134. 33
134.75
135. 19
135.65
136.12

136.61
137. 11

Linear Fit

128,09
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Figure III-Zb

Linear

Fit
Quadratic

Fit
Index

�967~100!
Deflated

Price
Price

/1b*Year

65

186

Tia Price

p. 198.
by American Metal Market, Neta1 btatistics �984!,reported

The price reported by American Metal Hat@et �984! is 12.4 cents per pound
in 1952  which is probably a typographical error!. This ptice was
included by accideat in the plot found in Broadus �987!. Me nave since
substituted the price found in Netallgesellschaft �984! of 120.47 cents
per pound  average! for the seine year aad replotted tbe series in Figure
III-Za.

1950
1951
19SZ
1953
1954
1955
1956
1957

19SS
1959
1960
1961

1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

1974
1975
1976
1977
1978
1979
1980
1981
1982
1983

95. 6
128. 3
1 20. 5*~

95.8
91. 8
9<.7

101.3
9b.Z

95. 1
102. 0
Iul. 4
113. 3

114,6
116.6
157. 7
I78.2
164.0
153.4
148. 1
164. 4
174. 1
167.4
177.5
227.2

396.3
339.6
379,8
534.6
629.e
753.9
846.0
733.1
653 '9
654m b

l. 33
1. 65
1. 52

1. 20
l. 14
l. 18

l. 24
l. 14

1. 10
l. 17
1.14

1.26

1. Z6
1. 27
1.70

1.89
l. 69
1. 53
1.42
l. 50
1. 50
1. 38
1.42
l. 71
2. 68
2. 11
2. 23

2.95
3. 22
3. 47
3.43
Z. 69
Z. Ze
Z. 19

86. 45
107.52

98.78

77.98
74.35

76.99
81.14
74.40
71.60

76.18
74.54

82.44
82.47
82.90

110.68

122.95
110.01

100.02
92.67
97.62
97,60

89.98
92.36

ill. 30
174.94
137,36
145.24

192.04
210. 08
226.10
223.50
175.47
147.47
143. 07

87.0

85.2
83.8

SZ.S
82.0

Sl.e
81.6
81.8
82.4

83.3
84.5

86.1
88.0

90.2
92.8

95.6
98.8

102.4
106.2

110.4
114.9

119.8
124. 9

130. 4
136. 3

142.4
148. 9

155. 7
162.8

170.3
178. 1
186. 2
194.7

203.4
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Figure III-3a
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F'iguz e III-3b

Def lated Price IndexPr ice
0/Ib Linear Fit

114. 59

138.46

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967

1968
1969

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983

2. 05
l. 66
l. 60
l. 60
1. 60
1. 60

l. 32
l. 32
l. 32
l. 32

1,32
l. 32

1. 32
1. 32
l. 32
l. 42
2. 25
2. 70
2. 70
2. 98
3. 28
3. 98
'7. 02

7. 65

5. 55
5. 55

2. 37
l. 90
l. 80
1,79
l. 77
l. 74
1,42
1. 40
l. 36
l. 32
l. 27
1. 20

l. 13
l. 09
l. 05
1,07
1. 52
1,67
l. 58
1. 64
l. 68
l,83
2. 84
2,81
1. 92

l. 86

TITANIUM METhL

179. 33
144.05
136. 65
135.28
133. 79
132. 18
107. 64
105. 82
102. 88
100. 00

95. 97
91. 08
85. 99
82. 44
79. 81

80. 82
115. 41
126. 89
119. 97
124.39
127. 17

138. 69
215. 47
212, 76
145. 44

140. 90

168. 71
156.67
145. 68

l35. 76
126. 89

119. 09
112. 35
106.67
102. 05

98. 49
95. 96
94. 55
94. 17

94. 85
96. 59

99. 39
103. 26
108. 18
114.17

121, 21
129. 32

138,49
148. 71
160, 00
172. 35

185. 76



Figure III-3c

RUTILE

Linear FitYear
Price
5/lb

Deflated Price Index
 x10 9! ~�967 100

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967

1 968
1969

1970
1971
1972
1973

1974
1975

1976
1977
1978
1979
1980
1981
1 982
1983

0. 46
0. 46
0. 46
0. 46
0. 46
0. 46
0. 46
0. 46
0. 46
0. 46
0. 48
0. 48
0. 45
0. 45
0. 45
0. 50
0. 72
0. 73
0. 78
0. 81
0. 85
0. 98
l. 05
l. 25
l. 25
l. 25

5.31
5. 27
5. 19
5. 13
5. 08
5. 02
4. 95
4.87
4.73
4.60
4.61
4. 37
3. 87
3. 71
3. 59
3. 76
4. 87
4. 53
4. 57
4. 46
4. 35
4. 51
4. 25
4. 59
4. 32
4.19

115 ' 47
114. 55
112.74
ill. 61
110. 38
109.05
107. 64
105. 82
102. 88
100. 00
100. 14

95. 03
84. 12
80,65
78 ~ 07
81. 66

105. 97
98. 45

99. 45
97. 02
94. 57
98. 00
92. 49
99. 76
93. 99
91. 07

j.zs. 57
>15. 59
3 i2.80

3.10. 19
Z.O7. 77
105. 54
3.03. 49
101 ~ 63

99. 96
98. 48
97. 18
96. 07
95.15
94. 41
93. 86
93. 50
93. 32
93.33
93. 53

93. 91
94, 48

95, 24
96. 19
97. 32
98. 64

1.00. 15

110.02

88. 83
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Figure III-4b

Price
4/zTYear

1880
1881

1882
1883
1884
1S85
188e
1887

1888
1889
1890
1891
1892
1893

1894
1895

1896
189 7
1898
1899

1900
1901
1 902
1903
1904
1905

1906
1907
1908
1909
1910
1911

1912
1913
1914
1915
1916
1917

1918
1919
1920
1921
1922
1923

1924
1925
1926
l927

5.3
7.4

6.0
e.o

5.5
6.2
4.3
3.8
4.5
5.4
6.3
6.2
4.8
4.4

3.5
3.5
3.0
2.6
2,6
3.4

3.6
3,6
3.2
3.4
3.5
3.5

4.1
4.7
4.8
4 6

4.1
3.9

3.9
3.8
3.5
3.0
3.0
3.0

3.3
5.1
6.1
5.9
4.3
3.9

3.6
3.3
3.4
3.6

Deflated

Price

0.18
0.26

0.21
0.21
0.20

U.23
0.16
0,14

O. 3.7
0.20
0.23
0.23
0.18
0.16

0.13
0.14
0.12
0.10
0.10
0.14

0.14
0.14
0.12
0.13
0.13
0.13
0.15
0.17
0.18
0.17
0.15
0.14

0.13
0.13
0.12
0.10
0.10
O. 08
O. 07
0.10
0.10
O.ll
O. 09
0. 08
0,07
O. 06
0.06
0. 07

PHOSPHATE ROCK

Index

�967 100!

250.36
349.56
283.43

293. 55
279.05

314. 57
218.17

192.80
228. 32

273.98
319.64

314.57
243.54

223.24
184.41
191.79
164.39

142.47
142.47

186. 31
197.27
197.27
168. 60

172.51
3. 77 ~ 58

177.58
208.02
229 ' 95
243.54

233.39
200 59

190.81
184. 23
175.27
159.29

135. 19
125.68
107.02
100.24
1 34. 87
139 ~ 27
150. 79
117.34
104 ~ 55

96 ~ 32
86. 11
87.88

94.84

adratic Fit

293.20

287.83
282.54

277.32
272.3. 8

267.12
262.1 3
257.21
252.37
247.61
242.9 2

238,31
233.77

229.31
224.9 2

220.61
216.37

212.21
208.1 3
204. 12
200. 1 8
19@.32
192.54

188.83
185,3. 9

181.64
17$,15
174.74
171.41

168.16
164.97

161.87
158.84
155.88
153.00

150.20
147.47
144. 81
142.23
139.73
137.30

134. 95
132. 67
130.47
128.34
126 ~ 29
124.32

l22.4-1
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Figure III-4b

ROCK  continued!PHOSPHATE

Deflated

Price

Price
5/HT

Index

{ 1 967~100!Year

1928
1929
1930
1931
1932
1933
1934
1935

1936
1937
1938
1939
1940
1941

1942
1943
1944
1945
1946
1947

1948
1949
1950
1951
1952
1953

1954
1955
1956
1957
1958
1959

1960
1961
1962
1963
1964
1965
19e6
19e7

1968
1969
L97O
L971
1972
L973
1974
1975
1976
1977
1978
1979

3.6
3.5
3.6
3.7
3.4
3.2
3.5
3.6

3.4
3.3
3.5
3,3
3.1
3.3

3.6
3.7
3.9
4.1
4.5
5.2

5.8
5 ~ 7
5.8
e,o
6.0
6.1

6.3
6.3
6.3
6.3
6.2
6.1
6.6
6.9
6.9
7.0
7.0
7,2
7.4
7.3

G.B
6.1
5.8
5.8

5.6
6.2

12.1
25.4
21 ' 3
L7.4
18.6
20 0

O. 07
0. 07
0. 07
O.OS
0.08
0.08
0.09
0.09

O.OS
0.08
0.08
O.OB
O. 07
U. 07

O. 07
0. 07
0. 07
0. 08
0. 08
0. 08

O. 08
0.08
0.08
0.08
0.08
0.08

0.08
0.08
0.08
0. 07
O. 07
0. 07
0 ~ 07
0. 08
0. 08
O. 08
0.08
V. 08
O. 08
O. 07
0,07

O. Oe
O.O5
O.05

0.05
0.05
O.OB
0.16
G.12
0.10
G.LO
O. 09

96.13
93.46
98.63

111.15
113.88
112. 98
119. 57
119. 99
112.23
105.13
113.62

108.67
101.11
102.51

101.06
97.85

101.38

1.04.20
105.38
106.48

110.20

109.3G
110. 20

105. 65
103. 39
104.32

107.21
107.61
106.02
102.38

98.08
95.72

101.93
105.49
104. 33
104. 57
103.22
LD4.37
104,29
1 00 ~ 00

89. 40

76. 11
68. 32
65. 50
61. 22
63, 81

112.22
215.B5
171.14
131.33
130.40
126 ' O3

120. 59
118 84
117.16
115- 56
114. 04

112. 59
111. 22
109. 92
108. 70
107 ~ 55
106.48

105.48
104.56
103.72
102.94

102.25
101.63

LOL.OS
100.62
100.22

99. 90

99. 66
99.49

99 ' 40
99. 38
99.44
99. 57
99.78

100. 07

100.43
100. 86
101.37
101, 96
102 ' 62
103.36
104.17
105.05
106 ~ 02
1 07 ~ 05
108. 17
109. 36

llO 62
111.96
113 37
114. B6
116. 43
118. 07
119.7e
121. 58
123.44
125. 38
127.40

Linear Fit
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Figure III-4b

PHOSPHATE ROCK  continued!

Index

�967 100!
Def lated

Price
Price
4/ZTYear

l. 980
1981

1982
1983

I 984

22.8
26.6

25. 5
24.0

24.0

O. 09
0.10

0. 09
u.08

O. 08

126. 55
133.77
120. 83
110. 18
105. 82

129. 49

131.66
133. 90
136. 22
138. 62
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Figure III-5a
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Figure III-5b

CONSTRUCTION SAND b GRAVEL CONPOSITE

Def lated Price Index
 xlO ! �967 100!

Price

4/STYear

1963
1964
1965
1966
19b7
19b8
19b9
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983

0.97
0.97
0.99
0.99
1.02
1.04
1.07
1.11
1.18
1.23
1 ~ 31
1 46
1. 56
1.88
2.02
2.13
2. 27
2.62
2. 79
2. 82
2 ~ 95

1.06

1.04
1.05
l. 02
1.02
l. 00
0. 97
0. 95
0. 97

0. 98
0.98
0.99
0.97
l. 10
l. 11
1. 09
1.04
1.06

1.02
0.98
0. 99

103. 71
102. 37
102. 71

99. 85
3.00. OO

97 ~ 85
95. 54
93. 57
95. 37

96. 24
96. 49

96. 91
94. 88

3.08. 10
109. 11
106, 87
102. 37
104 ~ 08
100. 4l

95. 63
96 ~ 92

3.01, 47

101. 03
100. 65
100. 3l
100. 02

99. 79
99.61
99.47
99.39

99.36
99.38

99.45
99. 58
99, 75
99.98

100.25
100.58

100.95
101.38
101.86

3.02. 39
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Figure lII-6a
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CRUST

Year

89

213

1958
1959
1960
l961

1962
1963
1964
1965
1966
1967

1968
1969
1970
1971
1972
1973
1974
l975
3,976
1977
1 978
1979

1980
1981
L982

Figure III-6b

Index
�967~100!

188
140
120
120

100
128
128

120
92

100
100
108

104
100
104
116
120
152
148
160
228
338

360
216
136

COMPOS ITK

159
147
136
127
119
113
3. 08
105
104
104
105
108
112
118
126
135
146
158
171
187
203
221

241
262
285

Linear Fit
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Figure III-7a
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Figure III-7b

MN NODULE CONPOSITE

Year

10B

151

195B

1959
1960
1961
1962
1963
1964
1965
1966
1967

1968
1969

1970

1971
1972
1973

1974
1975
1976
1977
1978
1979

19BG
19B1
1982

Index

�967 ~100!

132
132
121
121
104
129
129

121
96

100
104
121

ill
ill
111
114

121
150

143
139
150
200

204
150
114

129

126
123
120
118
116
115
114
114
114

115
116
118
120
123
126
130
134
138

143
149
155
161
168
176

Linear Fit
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Figure III-8

COBALT

Year Index Quadratic Fit Linear Fit

48. 11

272. 97

Price Def lated Price
4/Ib  xlO 2!

1958 2. 00 2. 31
l959 1. 77 2. 03
1960 l. 54 1. 74
1961 l. 50 1. 67

1962 l. 50 1. 66
1963 l. 50 1. 64
1964 l. 50 l. 61
1965 1. 62 l. 71
1966 1. 65 l. 70
1967 1.85 1. 85
I 968 l. 85 l. 78
1969 l. 89 1. 72
1970 2. 20 1. 89
1971 2. 20 1. 81
1972 2. 45 1. 96
1973 3.00 2,25
1974 3.46 2.34
1975 3, 98 2,47

1976 4. 44 2. 60
1977 5. 58 3. 07
1978 ll. 53 5. 90
X979 24. 58 11. 31.

1980 25.00 10.13
1981 14. 58 5,35
1982 8. 56 2. 96
1983 5. 76 l. 93
1984 10. 40 3. 35

124. 84
109. 59

93. 85
90. 49
89. 49
88. 42
87. 28
92.66
91. 76

100. 00
95. 97
93. 04

102. 25
98. 04

105. 69
121.83
126. 63
133. 46
140. 76
166. 18
318. 96
611. 15
547. 55
289 ~ 32
160. 05
104. 34
180. 93

81. 40
82. 35
83. 92
86. 10
88. 91
92.34
96. 40

101. 07
106. 37
112. 29
118. 83
125.99
133. 77
142. 17
151. 20
160. 85
171. 12
182. Ol
193. 52

205. 65
218.41

231.79
245. 79
260.41
275. 65

291. 51
308, OO
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Figure III-9

htANGAHE SE

index
�967 100!

Def lated Price
 x 10 2!

Current
Pr ice* Quadratic Pit Linear Fir

Year

193244

-14. 7

0. 44 -3 3

~ Nanganese price expressed in 0/lb and calculated using the following
f ormula:

$a LT
LT 2240lb
� x .47 x � current price chere n price of ferronnngeneee

ore reported annually  until 1982! by the Bureau of Labor' Statistics;
LT = lang tons; 0.47 nn average percent of manganese in ferromanganese
ore. From 195B through 1972, the BLS price of ferromanganese ore
was calculated from the index reported in Manthy �973! according to
the following formula:

Manthy $94,83 1x �' x � ~ a; where $94.83 price of ferromanganese ore

in 1926. This method of calculating the price of manganese results in
slightly higher priced manganese compared to the Bureau of Mines estimates-
The preferred Bureau of Labor Statistics series has been terminated.
Puturs series will have to rely upon the Bureau of Mines data.

1958

1959
1960
1961

1962
1963

1964
1965
1966
1967
1968
1969

1970
1971
1972
2973

1974
1975

1976
1977
1978
1979

1980
1981
1982

0. 06

0. 06
0. 05
0. 05

0. 04
0. 06
0. 06
0. 06
0. 03
0. 03
0. 03
0. 04

0. 04
0,04
0. 04
0. 04

0. 04
0. 09

0. 09
0. 09
0. 08
0. 09
0. 10
0. 10
0.10

0. 07

0. 07
0. 06
0. 06

0,04
0,07

0. 07
0. 06
0,03

0. 03
0,03
0. 04

0. 03
0. 03
0. 03
0. 03
0. 03
0. 06

0. 05
0. 05
0. 04
0. 04
0. 04
0. 04
0. 04

230

230
187
187

147
217

217

210
103

100
97

120

113

110
107
100

90
187

177

167
137
137
137
123
117
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FitYear

82. 25

Figure

1913
1914
1915

1916

1917
1918
1919
1920
1921
1922

1923
1924

1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1 945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958

III-10

Price
~/1b

41.2
41.4
41.3

41. 9
41. 5
40. 8
40. 4
42.3
42.0
38. 3
35. 5
30. 3
32. 8
35. 6
35.4
37.0
35. 0
35. 0
35. 0
35,0
35.0
35.0
35.0
35. 0

35. 0
35,0
35.0
35. 0
35.0
31.5
31.5
31.5
31.5
35. 0
35.0
40.0
40.0
50. 5
56. 5
56. 5
60. 0
64. 5
64.5
74.0
74.0
74.0

Def lated
Price

l. 39
1. 38
l. 36

l. 28
1. 08

0. 90
0. 78

0. 71
0. 78

0. 76
0. 69
0. 59
0. 62
0. 67
0. 68
0. 72
0. 68
0,70
0. 77
0. 86
0. 90
0. 87
0. 85
0. 84
0. 81
0,83
0,84
0. 83
0. 79
0,65
0,61
0. 60
0. 58
0. 60
0. 52
0.55
o. 56
0. 70
0. 73
0. 71
0. 75
O.BO

0,80
0. 91
0. 88
0. 85

NICKKL

Index
�967 100!

147. 60
146. 34
144. 55

136. 34
114. 99

96. 26
82. 98

75. 01
83. 37

81. 18
73. 92
62. 97
66. 47
71. 47
72. 43
76. 74
72. 59
74. 48
81. 67
91. 05
95. 98
92,87
90. 61
89.73
86.60

88.25
89. 52

88. 67
84. 44
68, 68
64. 70
63. 60
62. 18

63. 66
55. 67
59. 03
59. 61
74,52
77. 27

75. 62
79. 70
85, 25
85. 57
96. 73
93. 40
90. 92

Qua d rat ic

113. $7
111.23
l08, 98

106.80
104. 70

102. 67
100. 72

98. 85
97. 05

95. 33
93. 69
92. 13
90. 64

89. 22
87.89
86.63
85.44
84.34
83.31
82.35
81. 48
80. 68
79. 95
79. 31
78. 74

78.24
77.83

77.48
77. 22
77 ~ 03
76. 92
76. 89
76. 93

77. 05
77 ~ 25
77 ~ 52
77. 87

78.29
78. 80

79, 37
80.03
80.76
81. 57
82.46
83.42
84.46

Linear Fit
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Fig,ure II 1-10

 contd!H ICKEL

Def lated

Price
Price

~/lbYear

104. 91

1959
1960
1961
1962

1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974

1975
1976
1977
1978
1979
1980
1981
1982
1983
1984

74.0
74.0
81.0
79.0
79.0
79.0
78.0
85. 0
94. 0

103. 0
128. 0
128.0
133.0
140.0
153. 0
174,0
203.0
220.0
217.0
208.0
241.0
341.0
343.0
320.0
220. 0
222. 0

O. 85
o. 83
0. 90
O. 87
O. 86
0. 85
0. 83
0.87
0.94
0.99
l. 17
1.10
1.10
l. 12
1,15
1. 18
l. 26
1. 29
1. 20
l. 06
l. 10
1. 38
l. 26
l. 11
0.74
0. 71

Index
�967~100!

90. 19
88. 77
96. 19
92.78
91. 66
90. 48
87. 82
93. 05

100. 01
105. 17
124. 04
117. 10
116. 66
118. 88
122.31

125.35
133. 99
137.29
127. 21

113. 26
117. 95
147. Ol
133. 98
117. 77

78, 45
76.02

Quadratic Fit Linear Fit

85. 57

86.76
88. 03
89. 38
90. 80
92.30
93. 87
95. 52
97, 25
99. 05

100. 94
102.89
104. 93
107. 04
109. 23

111.49
113.83
116.25
118.74

121.31
123.96
126 .68
129.48
132.36
135. 32
138.35
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III-11Figure

COPPER

Year

1870
1871
1872
1873
>874
1875
1876
1877

1878
1879

1880
1881

1882
1883

1884
lees
1 886
1887

1 888
1889

1890
1891
1892
1893

le94
1895
1896
1897
189S
1899

3.900
1901

1902
1903
1904
1905
1906
1907
1908
1909
1910
1911

1912
1913

1914
1.915

Price

~/1b

18.6
20.3

30.8
26.6
22.8
21.4
1S.4
17.8

15.0
15.0

17.7
15.4
17.0
14.2

13.0
10.4

9.4
9.3

15.4
13.5

15.2
12.6
ll. 1
10.5

9,1
10.4

10.6
10.9
11.5
17.0

16.0
16.3

11.6
13.2
12.6
15,2
19.3
20.0

13.2
13.0
12.7
12 ' 4

16.3
15.3

13.6
17,3

Deflated
Pr ice

0. 49
0. 56

o.e6
0. 74
0. 67
0.6$
O. s8
0.56
0. 52
0.54
0.61
0.53
0. 59
0. Sl
0. 48

0. 39
0. 35
0.34

0. 57
0. 50

0. 56
0.47
0.41
0.39

0. 35
0. 42

0. 42
0. 44
0. 46

0. 68
0. 64
0. 65

0. 4S
0. 49
0. 47
0. 56
0. 71
0.71
0.49
0.48
0. 45
0.44

0. 56
0. 52

0. 45

0. 57

Index

�967 100!

126. B2
146. 10
221. 67
191.45
173. 75
16B. 02
148. 98
144.12
134. 02
138.80
158. 14

137, 59
151. 89
131.40
124. 75

99. 80
90. 21

89. 25
147, 78
129.55
145. 86
120.91
106.52
100.76

90. 69
107. 79

109.86

112.97
119.19

176. 19
165. 82
168.93
115.60
126.67
1 20. 91
145.86
185.21
185.07
126. 67
124, 75
117. 52
114, 74
145.63
133.48
117.07

147. 45

Quad ra tie

169. 16

167. 09
165. 04

163.02
161.02

159.05
157, 10
155. 1B
153.29

151.42
149. 58

147.76
145.97
144.20
142. 47

140.75
139. 07

137.41
135. 77
134.16
132. SB

131.02
129.49

127.99
126. 51
125. 05
123. 62

122.22
120. 85

119.50
118. 17
116.87
115. 60
114.36
113. 14
111.94
110.77
109. 63
108. 51
107. 42
106. 36

105. 32
104. 31
103. 32
102. 36

101.42
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Figure

Year

215. 52
183.53
141. 33

93. 54
75. 57
60. 42
69. 16
73, 01

65. 79
69. 09
67. 46
64.28
73,74
91.42
67. 37
46. 02
35. 48
46.74
54.28
54.21
59. 31
79, 54
61. 40
68. 51.
69. 71
69.33
62. 65
59. 02
58. Ol
56. 72
61. 12
81, 33
79. 06
69.67
76. 18

80. 59
78. 87
93. 16
95. 59

121. 15
133. 05

90. 98
78. 69
91. 12
93. 77
86. 75

27. 2
27. 2
24. 6
18. 7
17. 5
12. 5
13.4
14.4

13.0
14.0
13.8
12.9
14.6
18.1
13.0

8.1
5.6
7.0
8.4
8.6
9.5

13. 2
10.0
11.0

11.3
ll. 8

11.8
11.8
11.8
ll. 8
13.8
21. 0

22.0
19.2
21.2
24.2
24.2
28 8

29. 7
37. 5
41.8
29. 6
26.3
30.7
32. 1
30. 0

l916
l917
1918
1919
19 20
l921

19 22
l923

19 24
1925
1 926
1927
1928
1929

l9 30
I. 931
1932
1933

1934
1935

1936
1937
1938
1939

1940
1941

1942
l 943
1944
1945
1946
1947

1948
1949
1950
1951
1952
1953

1954
1955
1956
1957
1958
1959
1960
1961

111-11

Price Def lated
Pr ice

0. 83
0. 71
0. 55
0. 36
0 29

0. 23
o. 27
G. 28
0. 25
0. 27
0. 26
0. 25
0. 28
0. 35
0. 26
0. 18
O. 14
0. IB
0. 21
0. 21
0. 23
0. 31
0. 24
0. 26

0. 27
0.27
0. 24
0.23
0. 22
0. 22
0. 24
0. 31

0. 31
0. 27
0. 29
0. 31
0. 30
0. 36
0 ~ 37
0,47
0. 51
O. 35
0. 30
O. 35
O. 36
0. 33

COPPER  contd!

index
Quadratic

l 00. 51
99. 63
98. 77
97. 94
97. 13

96. 35
95. 60
94. 87
94.17

93, 49
92. 84
92. 22
91. 62
91. 05
90. 50

89. 98
89. 49

89. 02
88, 57
88. 16
87. 76

87. 40
87. 06

86. 75
86. 46

86. 20
85. 96
85. 75
85, 57
85. 41
85. 28
85. 17
85. 09
85. 04
85. 01

85. 01
85 03
85 08
85. 15

85.25
85. 38

85 53
85. 71
85. 92
86 15
86. 40

Linear Pi
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Figure IZZ-11
COPPER  contd!

Def lated
Price

Price

Year

71. 67

>962
1963

1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

1974
1975
1976
1977
1978
1979

1980
1981

1 982
19S3
1984

30. B
30. 8
32,6
35. 4
36.6
38. 6
42.2
47,9
58. 2
52. 0
51.2
59.5

77.3
64.2

69.6
66.8
66.5
93. 3

101. 3
84. 2

72.8
76.5
66.9

0. 34
0. 34
0. 35
0,37
0. 38
0. 39
0. 40
0.44
0. 50
0.43
0.41
0.45

0,52
0.40
0.41
0.37
0. 34
0.43
0.41
0,31
0. 25
0. 26
0. 22

Index

~�967 100

BB. 08

87. 03
90. 92
97. 06
97. 56

100.01
104. 93
113.03
129. 66
111. 07
105. 87
115. 83
135. 60
103.19
105. 77

95.36
88.18

111.20
106. 35

80.09
65. 25
66. 42
55. 79

+adratic Fit

86. 69

87. 00
87. 33
87. 69
88. 08

BB. 49
88. 93
89. 39
89. 88
90. 39
90. 94

91. 50
92. 10

92 ' 72
93. 36

94. 03
94. 73

95, 45
96. 20
96. 98
97. 78

98. 60
99. 46

Linear Fit
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Figure III-12a

0
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CompositePol metallic SulfideNar ine
n ex

~�967 100

93

127

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982

Figure III- 12b

85
94

106
94
94
94

106
106
108
100

94
96
96
94

102
115
171
169
154
133
112
121
108
112

92

B2
B7
90
94
97

101
104
106
109
Ill
113
115
117
118
119
120
121
122
122
122
122
122
121
120
127

Linear Fit



III-13Figure
ZINC

Year
Fit

1870
1871
1872
1.873
1874
1875

1876
1877
1878
1879

1880
1881

1882
1883
1884
1885
1886
1887

1888
1889
1890
1891
1892
IB93

1894
1895
1896
1897

1898
1899

1900
1901
1902
1903

1904
1905

1906
1907
1908
1909

1910
1911
1912
1913
1914
19l5
1916
1917

1918
1919
1920

Price

~/lb

7,0
7.0
7.0
8.6
7,0
7.4

7,2
5.9
4.5
4.5

5,5
5.2

5.3
4.5

4.4
4.3
4.4
4.6

4.9
5.0
5.6
5.0
4.6
4.1

3.5
3.6
3.9
4.1

4.6
5.8
4.4
4.1
4 ~ 9
5.6
5.2
6.0

6.3
6.2
4.7
5.5
5.7
5.9
7.1
5.8
5.3

14.4
13.B
9.1
8.3
7.4
8.1

Def lated

Price

0. 18
0. 19
0,19
0. 24
0. 21
0. 22
0. 23
0. 18
0. 16
0. 16
0,19
0. 18

G. 18
o.16
o. 16
0. 16
0. 16
0. 17

O. 18
0. 19
0. 21
0. 19
0. 17
0. 15
G. 13
0. 14
0. 16
O. 16
0. 18
0. 23
0. 18
0. 16
G. 19
0. 21
0. 19
0. 22

0. 23
0. 22
0. 17
0. 20
0. 20
0.21
0. 24
0. 20
G. 18
0. 47
0.42
0.24
0. l8
0 14
0.14

Index
�967~100!

132. 52
139. BB
139.88
171.86
148. 11
161. 32
161. 87
132. 64
Ill. 63
115. 62
136. 44
129. 00
131. 48
115.62
117.24
114. 57
117. 24
122. 56
130. 56
133.22
149.21
133,22
122. 56
109. 24

96. 84

103. 59
112. 23
117.98
132. 37
166. 90
126.61
117.98
135. 58
149.21
138. 55
159. 87
167. 86
159. 30
125. 23
146. 54
146. 45
151. 59
176. 13
140.49
126. 67
340. 77

303.61
170.48
132.40
102.77

97. 12

Quadratic

145. 94
145.12
144. 32
143.53
142.74
141.97
141.21

140.45
139.71

138.97
138.25
137.53
136. 83

136.13
135. 45
134.77
134. 11
133,45
132.80
132,17
131. 54
130. 92
130. 32
129. 72
129.13

128.55
127. 99

127.43
126. 88
126. 34
125.81
125.29
124.78

124.28
123. 79
123.31
122. 84
122.38
121. 93

121.49
121, 06
120. 64
120. 23
119.83
119. 43
119.05
118. 68
118.32
117.96
ll7. 62
H.7. 29

I inear F j,c

134. 99
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Figure 111-13

Pr ice
/lbYear

1971
1972
1973
1974

1975
1976

1977
1978
1979
1980

1981
1982

1983
1984

16. 1
17.8
20.7
36. 0
39. 0
37.0

34. 4
31. 0
37. 3
37. 4

44. 6
38. 5

41.4
48.6

Def lated

Price

0.13
0. 14
0. 16

0. 24
0. 24
0. 22

G. 19
0. 16
0. 17
0. 15
0. 16
0. 13

0. 14
0. 16

ZINC  contd.!

Index

�967 100!

95. 49
102. 20
111. 88

175.34
174. 05
156. 12
136. 35
114.13
123.43

109.02
117. 79

95.80
99. 81

112.53

113. 27
113.44
ll3. 63

113.82
114.03
114.24
114.47
114.70
114.95

115.20
115. 46
115. 74
116. 02
116.31



Section IV: Elasticit of Reserves

One way to examine the potential for resource depletion is to determine

how rapidly consumption of a mineral increases relative to additions to the

size of the resource. It is generally thought that the depletion of onshore

resources in the face of stable or rising consumption trends will trigger the

search for and recovery of other resources, including ocean minerals. Mineral

consumption might increase because of population expansion, technological

advances, and economic growth. As minerals are produced and consumed, current

economic resources are depleted. Usually, this depletion is more than

compensated for through increases in resources from higher prices  expanding

economically accessible quantities! exploration effort and new discovery, and

technological advances that allow the development of lower-grade or

less-accessible minerals. Changes in other basic economic phenomena such as

substitution, recycling, and conservation also condition the rate of

depletion. Although long-term price changes are probably the most useful

scarcity  depletion! indicator, idiosyncratic factors in individual minerals

markets may be hidden by an analysis of price alone. Thus it is useful to

examine consumption behavior, changes in the size of the resource, as well as

price movements, to focus in on those minerals that could become promising

offshore prospects.

We compare the rate of change in reported reserves with the rate of change

in consumption and with the rate of change in price for those minerals that

might be recovered from seabed resources. This comparison is conducted over

the 16 year period from 1970 to 1985, during which consistent data was

available from the U.S. Bureau of Mines, Mineral Facts and Problems  BOM/MFP!

 Tables IV-l, IV-2, IV-3, IV-4, IV-5!. "Reserves," a more restrictive

category than "resources," has been used here because BOM has not reported

world resources consistently over that period but instead recently has

replaced that category with "reserve base." Because of this replacement, it

has not been possible to obtain data on the change in size of world resources

over the 16 year period.

Figures IV-1 and IV-2 show the results of the comparisons. The units

represent percent increases or decreases in consumption or price, along the

x-axes and size of reported reserves along the y-axes. Because these are
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percentage changes, they show the "elasticity ' or the ratio of the rate of
change in the size of reserves to changes in consumption or price. Figure

IV-1 is the "consumption elasticity of reserves" and figure IV-2 is the "price
elasticity of reserves. " The diagonal line extending from quadrant III to
quadrant I is a reference line indicating relative rates of change. To the
~ri ht of the reference line, consumption or price is either  I! increasing
faster than the increase in the size of reserves  quadrant I!; �! increasing

as reserves decrease  quadrant IV!; or �! decreasing more slowly than the
decrease in the size of reserves  quadrant III!. To the left of the reference

line, consumption or price is either �! decreasing faster than decreases in
the size of reserves  quadrant III!; �! decreasing as reserves increase

 quadrant II!; or �! increasing more slowly than increases in the size of
reserves  quadrant I!. Tables IV-l, IV-2, IV-3, IV-4, and IV-5 present the

data incorporated into the figures.

Several general statements can be made. First, minerals that are
positioned to the ~ri ht of the reference line show a relatively inelastic
response in reserves to changes in consumption or price relative to those
minerals positioned to the left of the line. Those minerals in quadrant IV
 all to the right of the line! fall into the extreme case of decreases in the.
size of reserves with increases in consumption or price. The minerals such as
yttrium and chromite in figure IV-1 and sulfur and phosphate in figure IV-2
may deserve closer study. In particular, one might conclude from this
analysis alone that these minerals are depleting.

This type of analysis appears most useful as a method to help set
priorities for more detailed ana1.yses of prospective seabed minerals. Using
both figures, one might want to make a closer examination of the markets for
sulfur aod phosphate, for example, which over the 16 year period show
decreases in the size of reserves while both consumption and price have
increased. Other minerals like manganese and hafnium, for example, might

receive a lower priority.

There are shortcomings to this type of analysis. They include the short
time period, the generally small changes in any of the variables  although
gold has a very large increase in the size of reserves!, and the reliance upon
reserve data that may be affected, for example, by tax policy. Used in
conjunction with other information, however, elasticity of reserves can be a
usefuI tool for examimfng the relative potential for depletion of resources.
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Table XV-1: QOSLD RESERVES
 OOONT!

19751970 1985*19801965

bass in U.S.!

earths.

Sand/Cravsl Suf f it lant" 15,0GG,GOG
Cobalt 43 »1002 2»182
Rfckal 68,'040
Co ppar 192,326 279,418
NanSansaa 635,040
P la t ious 3 1 12
Zinc 77, 112 112, 493
Lead 45,3604 93,442
Silver  99! 165
Cold �0! 10
Csdniua 5 408 644
Phosphate 47,635,280 19,776,960
Rut ils6
I laanite 6
TitaniuaS �96,000-240,0GO�
Zfrcoaiua 21, 1389 15,695
Ref niua 281
Th or iua 667 11 612
Tttriua15 97
Tin 4, 626 4,232
Sarfta12 76,205
Chroaite 2,618,95613 2,658,32413
Sulfur 2,460,500
1

G.S. only; crude astfsate  say ha aa such as
2

Ovaraatisata, fncludee "resources."
3

Plat inua group.
4

Measured and indicated reserves.
5 kssocisted uith Zinc snd naasurad as such.
6

Contaf ned Titan i» r
7 Ti02 estfsatad "resource.
88
9

» of rutfle and ilsanite contained set 1ss a»
"Resources."

10
Resources ~

ll "Resources"
12

Rarius content.
13-

Resources ~
14"Righ abrasion."
1511980 and 198S � include yttrius and other rara

Sonrnesf MN/QP for years

14,0G0,000
2,450

53,978
408,240

1,814,400
17

135,173
149,688

180
39

753
16,057,440

94, 349
245,851
340,200

19,686
394
708

35
9,842

90,720
4,291,963» '
1,968,400

45nlG MT reserve9

14,000,000
2,404

54,432
448,157

1,360,800
35

146,966
115,214

244
31

585
34» 500, 000

73,483
199,584
273,067
25,129

503
994

46
10, 000

115,214
3,356,640
1,765,000

14,000, DGD
3 ~ 629

52,618
308, 448
907, 200

30
154, 2.24

86, 184
235

38
503

14»000%000
46,267

127,008
173,275

20,866
417

1, 034
45

3» 060
167,832

1,056,888
1,290, DDO
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CHAKGE 1N WORLD RESERVESTable lV-2:

197 5-80
X CHANGE1980-851975-801970-75

0.42
-0.26

0.40
-0.64

l. 33
0. 19
0. 61

-0. 20

-1.73

+1. 18
+3. 03
-3. 35
-l. 73
+7. 5l
-3.77
-2.97

Sand/Gravel

Cobalt
Nickel

Copper
Manganese
Platinum
Zinc
Lead
Silver

Gold
Cadmium
Phosphate
Rutile

Ilmeni te
Ti tan ium

Zirconium
Hafnium

Yttrium
Tin

Barite
Chromite
Sulfur

-0. 07

0. 12
-0. 21

0. 46
1.86
0.42
0.20
0.60
0,90

2.90
0.17

-0. 18

0. 00
-0. 02

0.01
0.10

-0. 25
1.06
0.09

-0. 23
0.36

-0. 21
-0. 22

1. 15
-0. 22
-0. 19
-0, 20

0. 25
0. 28
0. 31
0. 02
0. 27

-0. 22
-0. 10

0. 00
0. 51

-0. 03
-0. 31
-0. 33
-0.14

0,05
-0. 25
-0. 04

0,23
-0. 14
-0,59

-0. 37
-0.36
-0. 37

0,28
-0. 17
-0. 02
-0. 69

0.46
-0.69
-0.27

-0. 41
+4. 14
-1.42
+O. 64
+2. 67
+9. 38

+2. 32
-0. 49

+2. 65
+17, 50

-1. 37
-1.83
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Table IV-3: WORLD CONSUMPTIONa
 OOOMT!

198 S*1980197519701965

1,539
249

0.1
0.9

23
222

4.916
2. 540

50, 678

1,926
340

0.1
1

32
247

7,532
2,973

54,920

�,674!
361

O. 1
1

36
212

5,522
2,490

50, 472

1, 609
236

O.l
0.7

19
232

3, 933
1, 869

41,937

1
U.S. production.

2World coaaumption data froa 30M/MFP for 1975, 1979, 1983; world production

data for 1970.

World "fabrication"  gross usage!, Conaogold �986!, Table 4, p. 37 for

1975, 1980, 1985.
4Ilnenite and rutile, natal content �985 figure used here is actually 1982

pr oduc t ion! .
5Does not include U,S. production  proprietary!.
6

Tttriua and other rare earths.

aProduction data used, unlesa otherwise noted.

Sand 6 Gravell
Cobalt
Nickel
Copper
Mangane se
Platinum
Zinc
Lead
Silv~r2
Co ld
Cade iua
Fhospha t»
Rutile
1 lnenite
Titaniun4
ZirconiueL5
Hafnium
Thoriuns
Yttrium6
Tin
Sarite
Chreaite
Sulfur

856, 397
24

628

6, 022
8, 205

0.1
5,464
3,394

 9!
�!
17

84,927

691,286
26

577+
7,444+
9, 798

0.2
4, 980+
4, 7s9+

12
1

13+
107,557

692,194
31

709+
9 390+
9, 707

0.2
6,176+
5, 392+

13
0.5

17+
139,000

594, 216
23

691+
9, 116
7, 983

0.2
6, 355+
5, 285+

13
1

le+
135, 000
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Table IV-4: CHANGE IN WORLD CDNSUMPTION

1975-80
CHANGE1980-851975-801970-75

-0. 04

0. 06
0. 00

0. 21
-0. 04

0. 25
0. 36
0. 21

0. 25
0. 37
0.00
0. 39
0.11
0.53
0.3.7
0. 08

� 0. 13

0.06
0. 00
0. 13

-G. l4
-G. 27
-0. 16
-0. 08

+0. 25
+3, 31

0. 00
+5. 59
-0. 53
+2. 52

+2, 07
+1. 28

Sand/Gravel
Cobalt
Nickel

Copper
Manganese
Platinum
Zinc
Lead
Silver

Gold
Cadmium

Phosphate
Rutile
limen ite
Titanium

Zirconium
Ha f nium

Yttrium
Tin
Sarite
Chromite

Sulfur

-0.19
0.08

-0,08

0. 24
0.19

l. 00
W. 09

0. 40
0. 33
0. 00

-0. 24

0. 27

0. 00
0. 19
0. 23
0. 26

-0. 01

0. 00
0. 24
0. 13

0. 08
-0. 50

0. 31

0. 29

-0. 14
-0. 26
-0. 03
-0. 03
-0. 18

0. 00

0. 03
-0. 02

G. 00
l. 00
G. 06

-G. 03

-1.91
-0. 26

+O. 63
+3.22
-0, 17

W,25

+l. 02
+3.48

+2. 78
0. 00

+O. 37
+3. 68
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Table EV-5; CHANGE IN WORLD PRICE

 ~!
Adjustedl/

1970
Price

 A!
Adjustedl/

1985
Price

 A-B! x 100
 B!

16

Units for
Co 1ursns

 A!.  B!

Prices adjusted to 1967 dollars.l/

Tin price prior to narket collapse.2/

Cathode price.3/

1983 prices.4/

Moaasite price  containing 55-60X rare-earths!.5/

Phosphate
Tin

Rijtile
Titaniujs Netal
Chrosjit.e
Cobalt>/
Nickel
Nangane se
Copper
Zinc
Sand/Gravel
Barite
Platinnn
Bafniija

Silver
Zircon
Lead
Snlfijr
Yttriijsj5/
Gold

704
1632/

24
124

13
355

70
44

22
12
95

903
90
434/

191
834/

6
33

24
99

499
150

40
113

62

189
110

46
50
13
95

1289
114

73
152
100

14
20

32
31

+2. 57
+0. 54
-2. 50
+0. 61
-4. 93

+2. 93
-2. 27
-0. 27

-3. 50
-0. 48

0. 00
-1. 88
-1. 31
-2. 57
+1.60
� 1.06
-3.57

+4.06
-1.80

+13.71

/NT
/1b
/lb
/1b

0/sT
/lb
/1b
/LTU
/1b

/1b
/ST
/ST

$/TRoz
4/1b

/TROZ
4/sT

/1b

5/m
/KG

4/TROz
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Section V: Trends in Exploration Inputs

The following tables and figures give a preliminary look at exploration
effort spent toward minerals that have potential seabed sources. It should be
stressed that the i~formation represents, in most cases, inputs into the
exploration and discovery process. As such it tells us little about the
"effectiveness" or productivity of exploration efforts. Some studies have
attempted to examine outputs or success rates for exploration effort  Rose,
1982; Quick, l982!, but no attempt is made to do so here. Although Rose found
decreases in exploration effectiveness for uranium and oil over a forty year
interval from 1940 to 1980, he found no decrease in exploration effectiveness
for copper. He recommends the "collection of better data on expenditures for
metallic mineral exploration. " Rose and Eggert �983! have examined
exploration effectiveness in the United States for metals other than iron are
and uranium and have estimated increased costs of discovery by multiples of
two to three  and thus lower productivity of exploration effort! during the
period 1955 to 1975.

The Exploration Survey Committee  ESC! of the Society of Economic
Geologists recently has begun tabulating exploration information for minerals
in the United States and Canada. Some of the results of this tabulation are
combined ia Table V-l. ESC estimates that the l985 data represent only about
60 percent of exploration activities by ma]or U.S. companies and 5$ percent of
exploration activities by Canadian compaaies. ESC �985! concludes that;
"clearly less exploration, by fewer people, is being sparingly funded by the
ma!or companies. More effort appears to be directed toward drilling at tbe
apparent expense of traditional grand-scale multidisciplinary reconnaissance
programs. "

Over a longer term, Figure V-1 displays patteras ia mineral exploration in
North jmerica. The United States data is from 30 mining companies, both U. S.
aad foreiga. over the period 1961 through 1979.  Eggert, 1984!. The Caaadian
data are from a number of Canadian government sources  the total number of
companies is unknown! over the period 1961. through l977  Vsrleun, 1984!. Ia

to complete the time series for 1978 aad 1979, ve estimate Caaadisn
expenditures during those two years as aa average of the relative siam of

i+a expenditures to U. S. expenditures �6 perceat! during the seven
- Ãmcediag years of 1971 to 1977. Thm data from 1980 through 1985 are
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taken from the composite expenditures found in Table V-l. It should be noted
that the 1980-1985 data do not include expenditures made by Canadian companies

the United States or U.S. companies in Canada and, as such, may
underestimate total North American exploration expenditures. Also note that
before aggregation, the United States data show an. increase until the 1980s,
and the Canadian data show a drop in exploration expenditures during the late
l970s. The unaggregated ESC data show drops in exploration in both the United
States and Canada during the 1980s. By the mid-l980s real exploration
expenditures in both countries have dropped to the level of the early 1960s.

Figure V-2 displays the data accumulated on an annual basis by the Society
of Exploration Geophysics on worldwide expenditures for geophysics.
Geophysical data is an important component of exploration effort for
hydrocarbons and is used to a lesser, but not unimportant, extent for hard
minerals. The data is broken into expenditures of all types for the total
world; seabed deposits of petroleum; hard minerals  including seabed
deposits!; seabed deposits of hard minerals; and oceanographic research.
Figure V-3, a reprint from the journal "Geophysics: The Leading Edge of
Exploration" 6 8!: 76 �987!, displays exploration effort as measured by
average number of crews per month searching for oil and gas onshore and
offshore. For the field of geophysics generally, note the peak in exploration
effort around 198I, measured either in expenditures or crews, followed by a
rapid decline almost to the level of the early l970s. In terms of geophysical
expenditures, total exploration effort in hard minerals has seen a general
long term decline since a high of 4117 million in 1968, with a short
resurgence during 197'-1977. Dur'ing that same period, North American
exploration expenditures for metals  Figure V � I! remained fairly constant. It
is possible that geophysical methods assumed a less important role in
exploration during the 1970s. During 1968-69, l975-76, and 1984-85,
geophysical exploration is seen i.n seabed hard minerals  Figure V-2!. It is
uncertain what minerals vere being explored, although the mid-to late l970s

the heighth of manganese nodule exploration  Figure V-4!. Some recent
attention has been given to the use of induced polariaation as a geophysical
method useful for the exploration of heavy mineral piacere  Cross, 1987; Wynn
and ~osx. 1986! and marine polymetallic sulfides  Muirhead and Sternberg,
1986!.

Figure V-5 displays U.S. federal government expenditures on nonliving
resources from 1966 through l986. Of particular interest is the large
inca'mass in expenditures, mostly associated with oiI and gas development
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programs, in the mid- to late-1970s. These expenditures include basic
scientific research as well as "resource assessment" both of which might be
considered types of exploration activity. They also include administrative
and management activities, such as entitlement transfers, revenue collections,
and environmental impact assessment and monitoring. There is a marked decline
in real expenditures since 1980, reflecting a reallocation of federal budgets
as well as the lack of a "steady hand" approach to management  Sroadus and
Hoagland, In press!.

Finally, it is interesting to refer ahead to Figures VII � 1 and VII-2,
which display discovery effort in MPS deposits, and to compare those figures
to general trends in exploration. In particular it is noted that scientific
research concerning MPS, which has elucidated some fundamental. "resource"
knowledge, has proceeded even during a period when private exploration efforts
in metals have dec.ressed considerably. This may be evidence of the
government's steady-hand approach to sci.ence policy as an integral part of
mineral resource policy. More likely, however, attention to NPS has been
driven by a general phenomenon in science whereby "waves" of interest
accompany startling advances on a particular problem or in a particular
discipline, such as the discovery in 1977 of marine hydrothermal venting and
associated massive sulfide deposits.*

attribute this idea of shifting efforts among scientific problems to Derek
gpeacer, Associate Director for Research, Moods Sole Oceano r hi
Imetitution.

e eanograp c



Table V-1: Combined Mineral Ex loretioD Statistics: 1980-1985 1/

1980 1981 1982 1983 1984 1985
llion!

333 304 205

11 8

Total

Number of Drill Holes
 thousands! 14 12 10

Net Exploration Acres
 millions! 35 26 26 27 29

Total ot United States companies exploration in the United States plus1/ 1

Canadian companies' exploration in Canada.

Source: hfter Exploration Survey ~ttee �985!.

Base and Precious Metals

Other Metals

Ur anium

Industrial Minerals

270 401 341

43 37 22

146 82 47

22 32 33

481 552 443

33 25 9

18 14 9

395 351 226
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Section V . orI' W ldwide Locat iona, Ent i t lement s, andnd Areas of Interest

Thf s sect ion comp es nfl f formation on the general location of marine

minerals of eren ydiff t t pes entitlements  permits, licenses, leases! for

t The followingmari ne miners ev1 d elopment and other areas of interes7

figures have been included:

Description

I!Mor map old f seabed materfals and exclusive economic zones
 Broadus, 1987!

VX-l

n areas2~Publicly-disclosed, lfcensed deep seabed mining exploration areas
 Hoagland, 1987!

VI-2

 continued!

Several references vere used in the construe.tion of Figure VI-I.
NcKelvey's and Wang's �970! seminal effort vas relied upon primarily for the
initial data. Other general sources were used to confirm this early work.
Mnerals that may have been discovered or delineated more carefully since 1970
vere added according to the mfneral-specific references below. Of special
interest, this map includes a detailed location of marine polymetallic sulf ide
 NPS! occurrences not yet f ound on all-encompassing maps of this t.ype. The
approximate exclusive economic zone  EEZ! boundaries have been included as
located on a base map drawn informally by the U.S. Department of State.
Licensed deep seabed exploration areas can be used as rough approximations for
high"grade fsrromanganese nodule zones. Nodules wfth combined nickel-copper
grades higher than 2.0Z have been fdentif ied with symbols outside the
exploration areas.

Data of the locations of publicly disclosed, licensed deep seabed miningareas for U.S. licenses are found in the Pederal Register  NOAA, 1985!. A
copy of the Kennecott Consortium's license from the United Kingdom, which
includes the location of the licensed area, vas obtained from the Minerals and
Metals Division, Department of Trade and Industry fn London. The location of
the Ocean Management Incorporated license from the Meat German government was
obtained from industry contacts. Nodule exploratfon areas under license from
Prance, Japan, Indfa and one of two from Mast Germany have not been included-The Indian exploration area fs located in the Indian Ocean at roughly wherethe nodule symbol fn Figure VI-I lies. The Japanese and Preach consortfa srethought to have additfonal claims fn the western Pacific Ocean. Note: In the
summer of 1987, agreement was reached to resolve overlapping claims betweenpotential pfoneer fnvestors under the Law of the Sea Convention. Thisresolution must bs reviewed and approved by the LOS Preparatory Cmsmfssion scheduled for late 1987!. AII of the U.ST exploration licenses will beaffected by this rearrangement. The cartography was done by Frank Gable,Marine Policy Center, MEOI.



� 87-

Figure

VI-3

Descript ion

Prospecting licenses offshore New Zealand for gold placers and
phosphorites  Glasby, 1986!

VI-4 Mining locations offshore Southeast Asia for tin and titanfferous
magnetite  Morgan and Valencia, 1983!

VI � 5 Proposed lease tracts for U.S. arctic sand and gravel lease sale
 MMS, 1983!

vI-6 Proposed lease tracts for cobalt enriched ferromanganese
encrustations offshore Hawaii and Johnston Island  MMS, 1987!

VI-7 Proposed lease area for marine polymetallic sulfide deposits, leased
tracts for phosphorites, and played-out barite deposit at Castle
Island, Alaska  DOI, 1960; Thompson and Smith, 1970; MMS, 1983!

Areas of interest for marine hard minerals; U ~ S. Atlantic coast  MMS,
1987!

VI-8

The following references where used to construct Figures VI-1 and VI-2.

The full citations may be found in the bibliography of Section X.

Hallard and Bischoff �983!
Circum-Pacific Council for Energy and Mineral Resources �984!
Clague, Bischoff and Howell �984!
Dillon �984!
Geological Survey �979!
Hale and McLaren �984!
Holser, Rowland and Goud �981!
McKelvey �986!
McKelvey and Hang �970!
Siddfquie et al. �984!

AGGREGATE  sand, gravel, calcium carbonate, or shell!:

Duane �976!
Karney �986!
Earney �980!
Gauss et al. �983!

PHOSPHORITES:

Baturin �972!
Giresse et al. �984!
Kata and Glasby �9>9!

GENERAL  these references include a range of mineral types and locations!:
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HEAVY MINERALS OR PLACERS:

El Geisaixi �985!
Eeery and Noakes �968!
Hi ll and Parker �970!
MacDonald �971!
Noakes �977!
No a kes   19 72 !

FERROMANGANESE ENCRVSTATIONS AND NODULES»

Commesu et el, �984!
Cronan �984!
Exon �982!
Fraser and F] sk �977!
Msnheie �986!

MARINE POLVMETALLIC SULFIDES:

Broadus  l984!
Several references in this report  see Section IV!

OTHER GEOGRAPHICAL DATA'

DOI �960!: "Phosphate Lease File" froe the Pacific Region, Minerals
Managetsent Service, Los Angeles, California
Departeent of State  Undated!t Base ~aa with exclusive economic zones
MHS �983!: Arctic Sand and Gravel lease area
MRS �983! .' Gorda Ridge proposed ssrine polytsetallic sulfides lease area
NOAA �985!! deep seabed exploration areas under U.S. license
Turner et al. �977!
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Figure VI-3

OFFSHORZ PROSPECTING LICENSES IN NEW ZKALPSD:  GLASSY, 1986!

~ GOLO PLACERS: CRA EXPLORATION PTY. LTD.

~ PHOSPHORITES: FLKTCHKR CHALLKNGE LTD.
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Figure VI-7: Areas of 1nterest for >larine Rare} pinerinera' s:
U. S. Pacif ic Coast

55

50

135 130 ' 125 ' 120

Sources: 90I, 19&0; Thompson and Smith, 1970~
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Section VI I: Marine Po lymetall ic Sul f ides:

Discover, Location, and Generalized Corn osition

This section is concerned with marine polymetallic sulfides  NPS! found
at oceanic crustal spreading centers. Rona �983! gives an exhaustive
of the potential for sulfide deposition at these centers and lists identified
MPS occurrences through 1983. Bischoff et al.  l983a! provide an excellent
economic geological description of sulfide minerals. This section updat~~

from 1976 when the first MPS deposit was located at the Galapagos Ridge
through 1986. Hare the term "location" refers to a geographic location that
may encompass one or more sulfide "deposits." These data were taken from
Table VII-2, described below. Figure VII-1 gives a rough idea of the output
of scientific discovery efforts on NPS and hydrothermal systems.

Annual Locations+ of MpS Occurrences

 May include more than one deposit!Figure VII-1:

0

0

~ 4
o

76 78 80 82 84

some of the previous works. The purpose of thi.s section is to characterize
generally the existing state of knowledge concerning MPS locations and to give
a rough indication of the extent of scientific interest in these deposits.
This section i.s divided into four parts: an update of submersible dive data,
the !urisdictional status of MPS deposits, a record of MPS locations, and a
generalized composition of MPS samples, References used in the record of MPS
locations are appended to this section.

Figure VII-l displays the annual number of locations of MPS occurrences
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Figure VII-2 displays dive data for the Alvin submersible on hydrothermaL
vent locations. Dive data can be used to estimate scientific interest and
activity in marine hydrothermal deposits at a general level. From 1977 to

1984, this information wss compiled for dives in U.S., Canadian, and French
submersibles by Jones et al. �985!. Following this work, Figure VII-2 shows

dives from 1977 through 1986 for Alvin only.  In the past, the maj ority of
dives have been conducted in Alvin.! We would like to acknowledge the

assistance of Rick Chandler, Alvin Operations, WHOI, in providing this data.

Since 1977, considerable effort has been devoted to scientific exploration of

the world ocean ridge system. Even so, less than one percent of the ridge

system has been studied in detail  Malahoff, 1985!.

Thus fsr, MPS deposits have been located within the maritime jurisdictions

of 10 countries. Table VII-1 matches locations with country and form of

jurisdiction. Marine scientific research on MPS within internal waters and

the territorial sea of a coastaL nation is subject to local regulation.

Marine scient. if ic research on MPS located on the continental shelf or within

the EEZ of a coastal nation ~ms be subject to the "consent" and possible

participation of the coastal nation, The degree to which regulation restricts

or precludes marine science varies among jurisdictions  see: Ross and Lsndry,

1987!. Beyond national jurisdiction, marine science remains unregulated. At

the Prepaz'atory Commission for the Law of the Sea  LOS! Convention, there has

been some discussion concerning the distinction between marine science and

"prospecting" beyond national jurisdiction, with the possible  but unlikely!

result that marine science directed at geological resources like NPS ~ight

come to be regulated  Bowen, 1985!. The exploration or development of MPS as

a mineral resource within internal waters, the territorial sea, or on the

continental shelf of a coastal nation is subject to local regulation. Until

the entry into force of the Law of the Sea Convention, the exploration and

development of MFS beyond national jurisdiction m~a be unregulated. Even with
its entry into force, the LOS Convention does not speak directly to hard rock

minerals other than manganese nodules, and the potential for end degree of

regulation far minerals such as NPS beyond national jurisdiction re~sins

uncertain  Bleicher, 1984!.

TabLe VII-2 records the Location, expressed in Longitudinal and

latitudinal coordinates, of MPS discoveries to date. Also listed along with

each location is the name and date of the oceanographic expedition s!

associated either with discovery or with subsequent observation, sampling, and
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Figure VII 2. Annual ALVIN Dives on Hydrothermal Systems
140

for Geolo ical or Biolo ical Research

120

100

m 80

60

o 0

a 40 20 77 79 81 83 85 87
 my!

Year
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Table VII-1: Jurisdictional Status of MPS Deposits

JurisdictionLocation~Cnuntt
Continental Shelf i~Explorer Ridge

Juan de Fuca Ridge
~ Middle Valley
~ Endeavor Segment

Canada

Continental She l fGalapagos Ri f t

Fi!i Basin

Icelandic Ridge?

Ecuador

Exclusive Economic Zone

Exclus ive Economic Zone!

The Are~3~

  Ice land

International Juan de Fuca Ridge
~ Axial Seamount
~ USGS Study Area

l3 N EPR
ll H EPR
7 NEPR
Clipperton Transform
20 S EPR
Manus Basin
Mariana Trough
Woodlark Basin

Mid-Atlantic Ridge

Exclusive Economic ZoneOkinawa Trough~Ja an

Mexico
Territorial Sea
Continental Shelf or
Exclusive Economic Zone

Guaymas Basin
21 N EPR

Sea of Okhotsk

Lau Basin

Gorda Ridge

Soviet Union
Territorial Sea

Exclusive Economic Zone

Continental Shelf ~ or
Exclusive Economic Zone

United States

~ Continental Shelf Jurisdiction possible under the Geneva Convention of
1958.

Jurisdiction established under the Lsw of the Sea Convention of 1982,3/
which has not yet entered into force.

Japan is a signatory to the Law of the Sea Convention, but has not4/
unilaterally declared either an exclusive economic xone or a claim to a
+cantlnental shelf.

Strength of this Jurisdictional claim  asserted by Ecuador on 19
September l985! may be questioned under international law  Ramakrishna et al.,
1986! .
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experimentation. For each location, a brief description of the type of HPS

occurrence, including information about water depth, number of vents,
estimated deposit size and published reference source is included.
record was modeled after Rona �983! and is simlar to, but more inclusive
than, Samson �985!. We would like to acknowledge assistance in the
identificati.on of HPS locations from Tim McConachy  University of Toronto!
Sarah Little  Department of Geology and Geophysics, QHOI!, Cindy Van Dover
 Department of Biology, WHOI!, Mike Mottl  University of Hawaii!, and Geoff
Thompson  Deparment of Chemistry, WHO?!.

Athough 36 "locations" are recorded here in Table VII-2, there are
potentially many more locations that have yet to be identified. The
discovery of black smokers on the Hid-Atlantic Ridge, for example, greatly
increased this potential, because it had been thought that such occurrences
were unlikely to be found on slow-spreading ridges  Rona et al ~ , 1986! ~ The
detection of water column signals, such as particulates or anomalous values of
helium isotopes or methane, suggest that several more deposits exi.st at
oceanic spreading centers  McConachy, 1986! ~ Other methods of detection, such
as photographic surveys  Ksstens and Ryan, 1986!, the remote sensing of
biological communities  Van Dover et al ., in press!, or identification of
sound frequencies  Little, S., personal communication WHOI, 1.986!
increasingly may be used' Each location may actually consist of several vents
or individual massive sulfide deposits. Determination of the
three-dimensional size of these deposi.ts has been hampered due to their
geomtructural properties, making continuous vertical cores nearly impossible
 Edmonds J ~ personal communication, Massachusetts Institute of Technology,
1987!.

Table VII-3 tabulates "generalized compositions" of sulfide mineral
samples for each location. The table allows a comparison of the compositions
of sulfide minerals among locations, especial,ly for metals of likely
industrial interest. Here, generalized compositions are averages of several
samples as reported in the literature or our own average from individual
samples reported in the literature. It, is important to note two things about
these "grade" figures. First, it is uncertain whether the sampling processes
have been random. Ia fact, the ma]ority of sulfide samples have been taken
from vent chimneys either by dredge haul or submersible. In many cases~
samples are "high grades" and may not bm truly representative of an associated
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asive sulfide deposit. Second, in most cases only a small number of samples
ve been analyzed. It may not be possible to consider reported compositions

statistically reliable indicators of deposit grade, Both of these points
Iphasize the preliminary nature of economicgeo logical understanding about
'S deposits and suggest that a high degree of uncertainty exists. Fox
purposes of comparison with land based "ores"  commercially producing massive
ilfide deposits!, Tables VII-4 through VII-7 are reproduced from the
.terature for some of the well-known mines: Cyprus, Kux'oko, Besshi,
-unswick, Kidd Creak, MacArthur River, and others. Cax'e should be taken in
.rect comparisons of general. ized compositions of MPS to the relatively
.tter-understood, land-based massive sulfide deposits.



-103-

Location

EXPLORER RIDGE AREA
transmissometer and

conductivity anomalies sugges t
hydrothermal activity at foot
of continental slope  Scott et
al., 1985!

51 31'N! 130 53! W
Tuz o Wi 1 s on Se amo unt s

U. Toronto,
U. British Columbia
September 1985

49 42'-46'N,
130 16'-19' W

"Magic Mountain
and AGOR 171"

60 sulfide deposits over Bkm
ridge crest; faulted massive
sulfide "lens" with Cu-rich

base and Za-rich top; southern
sulfides inactive, degrading;
northern sulfides inactive, but
relatively intact; twelve of
the 60 de pos I t s exc ee d 150m in
1engt h by 7-10m thi ck; s even of
the 1arges t deposits estimated
to be 1 .5 million metric tons
of massive sulfides; 1850m
depth  Tunnicliffe et al.,
1986; Hannington and Scott,
1985a, 1985b; Chase et al.,
1985a; Tunnicliffe et al. 1985;
Scott et al,, 1985, 1984!

CASM 3> CASH 4>
SCHISM 1
Hay, June, Aug 1984;
U. Toronto,
U. British Columbia
May 1 985

JUAN DE PUCA RIDGE AREA
s ul f i de ou tcro ps i ac iud ing one
50m high by 600m in diameter;
seven "mounds" up to 60m high
by several hundred meters
across; hosted by 300m thick
sediments; depth approx 2220m,
relatively low concentrations
of Zn, Cu, Qi, Ag  but some
high Ba! compared to
unsedimented ridge deposits
elsewhere; "texturally"
different from other MPS,
except possibly Guaymas
 Davis, 1986; Davis et al.,
forthcoming!

PGC, GSC
June 1986
PGC, GSC, AWIPR
September 1985

M! 12 W
 approx. !
"Middle Valley"

Table VII-2: LOCATIONS OF MARINE POLYMETALLIC SULFIDES
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b cs!ion

FUCA RIDGE AREA

Iadeavor Segment

45 57'N, 130 02'W
"Axial Seamount"

45 59'N, 130 03!W
"Axial Seamount,
Central Segment"

44 40'N! 130 22'W
"USGS 8 tudy Area"

NERGE October 1982;
NOAA/GSC August 1984;
ALVIN Expedition
U. Washington 1985

ASHES Expedition
1986;
NOAA, U. Victoria
CGS 1986

CASM I~ II
June, August 1983

USGS/U. Washington
September 1981;
USGS Juan de Puca
Study Group
Sept-Oct 1984

140 kg. of sulfides recovered;
actively vent ing and inset ive
sulfide structures; these
structures average 10-15m in
height, with 25m the largest;
groups of structures are 30m
long, 10-15m wide; Cu-Fe
sulfides deposited by high
temperature fluids; Zn- and
Fe-rich sulfides deposited
from lov temperature flui.ds
  Tive y and De lane y, 198 5;
Johnson and Tunnicliffe, 1985;
Narsten et al., 1984; Hammond
et al., 1984; Kingston et al.,
1983!

small �00m diameter! vent
f ield, 200m from base of
southeast wall of caldera;
1540m depth; 4 ma!or sulfide
edifi.ces; one clear vent
 Hammond et al., 1986!

three sulfide/sulfate chimneys
up to 25m in height at 1580-92m
depth; 1.7m, 160kg spire
recovered; samples from spire
rich in Zn; poor in Cu,' also a
"field" of clear, white, and
black smokers found on. the
west wall of caldera; some are
5m high by 9m in diameter
  Harm ing ton and Sco t t, 1987;
Canadian American Seas!ount
Expedition, 1985, 1983!

12kg of massive sulf ides
dredged from one site in 1981;
1984 work shoved sulfides as
fields of spires and chimneys
at 3 vent sites along 6km
segment at 2200m depth;
recovered sul.fides typically
more than 80 weight percent
ZnS; Zn veight percent averages
5C; Pb up to 2X in some
samples; Cu over IX in four
chimney samples; Cd! Ag
interesting  Philpotts et al.,
1985; Normark et al., 1985,
1983, 1982; Koski et al., 1982!
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location

USGS, NOAA,
US Navy, OS U
June 1986;
US GS, HOAA, OS U
September 1985

US Navy
November 1977

Scripps
19SO

CORDA RIDGE AREA
~,

"Escanaba Trough:
SESCA, NESCA"

GUAYHAS BASIN

"Sea c 1 if f Hydrothermal
Depos it"

27 Ol'N. 111 25!W
"Southern Trough"

21 N EAST PACIFIC RISE
20 54'N! 109 03'W CYAMKX: Project

RITA &b/Mar 1978

at least 10 sulf ide occurrences
in 5xl0km area on spreading
ridge axis at 3400m depth;
largest deposit at NESCA occurs
within turbidite siltstone;
outcrops may have been
uplifted as much as 100m; no
active venting, but some
chimneys loca ted; up t o 4 3X
Zn, 14Z Pb, 5X Cu, 680ppm Ag,
and I-2ppm Au; concurrent
formation of asphaltic
petroleum  Zierenberg et al,,
1986; Norton et al., 1986;
Koski and Kvenvolden, 1986;
USGS, 1985!

hydrothermal talc deposit at
2000m with pyrrhotite  FeS!
precipitated around vent
 lonsdale et al., 3.980!

Kuroko-like sulfide deposits
sampled from hydrothermal
cones and pinnacles at "Dredge
7D," 2000m; petroliferous
sulfide-rich mud; more than
100 hydrothermal deposits,
10-100m in diameter; high
sedimentation rate buries
inactive or stagnant di.scharge
sites  Kosk i et al., 19S 5;
Kastner, 1985; Peter and
Sco tt, 1985; Lons dale, 1980!

massive sulfides recovered
by submersible CYANA at 2625m
 Hekinian et al,, 1980;
Francheteau et al., 1979!
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~gation

12 41'-53'N,
103 55'-58'W
"Zone A"

21 N EAST PACIFIC RISE
20 50'N! 109 06'W

20 48.2'N, 109 17'W
"Green Volcano" or
"Volcano B"

13 N EAST PACIFIC RISE
12 8'-5 'N
103 49'-104 Ol'W
"Zone A"

MIT
September 1985;
Protea I 1983;
RISK Expedition
Mar-May 1979; 1981

Scripps, Washington
Univ.  St. louis!,
Smithsonian 1982

Clipperton Cruise
May-June 1981

Cyatherm Program
Jan-Mar 1982;
Geocyarise
Feb/Mar 1984

sites of actively forming
massive sulfide mineral
deposits along EPR axis, 2600m,
at high temperature springs
in SW section of 7km strip
with 25 vents; sulfide mound
deposits occur slightly off-
axis from cooler vents to NE
of strip; 13 vents found with
Deep-Tow on summit graben io
1983 between 20 S and 21 S
 Mac Donald e t al., 198 6;
Bowers et al., 1985; Speiss et
al., 1980!

vo les no "B" up t o 500 m2
of varicolored sulfides
sampled; 2000m depth  Lonsdale
et al., 1982a, 1982b!

"about 30" massive sulfide
sites on floor of central
graben � 2600m depth; sulfides
dredged with locally high
concentrations of cobalt;
sulfides more massive

than any pyritic deposits
dredged thus far �981 ! from
EPR   Hekinian et al., 1983b,
1981!

20 active hydrothermal sites
located along 20ka ridge axis;
84 si t e s a t 2620-40m de p t h
 possible under-estimate! of
sulfide deposition found;
average diameter less than
5'', largest are 80m long by
30m wide  Ballard et al., 1984;
Hekinian et al., 1984, 1983c!



-107-

Location

13 N EAST PACIFIC RISE
2 N, 10 2'W

"Seamount C" or
"Cl i p per ton Seamount"

ll N EAST PACIFIC RISE
CNEXO/COB:
Cya ther m Program
Jan-Mar 1981

ll 0 N, 10 W
"Zone B"

10 45'-47.7'N, �02 W! ARGORISE Expedition
December 1985

7 N EAST PACIFIC RISE
iron sulfides with small
amounts of copper sulfide
minerals, ferromanganese and
other oxides dredged from
2740-2880m depth  Boulegue et
al., 1984!

6 42'- 4'N,
102 36'-38'W

CNKRO/COB:
Sear is e Cr u is e
Summer 1980

Clipperton Cruise
May- June 1981;
Cyatherm Program
Jangler 1982;
Geocyarise
Feb/Mar 1984

10 55.6'N, 103 40.6'W WHOI: Protea 9
"Feather Duster" May 1984

800m by 500m by �m'!
sulfide caPPed wi,th ochreous
oxidation products on western
limb of an apron of seamount
at �300?!-2600m depth;
estimated at 2 million mt;
self-potential survey indicates
that sulfides might be up to
15m thick in places; much
hydrated silica  Hekinian et
al., 1984, 1983b, 1983c!

a c t i ve h ydr o thermal de pos i t i on
and associated sulfide
deposition  Ballard et al.,
1984; Hekinian et al., 1983a!

Massive sulfides  approx.
200 mt! associated with
flssuremollapsed lava lake
immediately east of axial
graben; depth of 2520-25m, 6-8
black smokers; up to 5X Cu and
4QX Zn  McConachy et al.,
1986b, 1984; Ballard, 1984a,
1984b!

three active low-temperature
vents observed by video
photography from ARGO system
at 2600m depth; three
additional vents predicted
from observed distribution of
brachyuran crabs  Van Dover et
al., in press!
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p 7'-49' N,
86'04'-1 3'N

GRAFZI Prospect
1980

P 45'N, 85 50'W NOAA: NOS
Aug-Sept 1981

S, I I E

GALAPAGOS RIFT AREA

0'45. 3'N, 85 49. 5w
ALVIN Dive 1001"

CLIPPERTOH TRANS FORM

US Navy SASS; WHOI
Angus/Alvin Programs
1976, 1 97 7, 197 9

PASC-Ol
Iamon t-Doherty, URI
1986

photographic identif ication
o f eul f ide de pos i t e 20k m wes t
of Alvin Dive 1001 site at

average depth of 2500m; some
deposits associated with active
hydrothermal venting  Ballard
et al., 1982; Francheteau and
Ballard, 1983!

visual d is cov ery of sul f ide
precipitate field  inactive
ven ts ! ext end ing 2km wee t o f
dive site at depth of 2850n',
some s ul f i d e s sampled
 Halahoff et al., 1987, 1983;
Embley et al., 1986; Malahoff,
1985, 1982c, 1981; Skirrow and
Coleman, 1982!

4 sites of massive poly-
metallic sulfide deposition
mapped at depth of 2600m:
re pr es ents "s evera1 million
tone of sulfides"; largest is
1000m long, 35a thick, 150m
vide; series of mounds of
coalesced chimneys up to 30m
high; up to 6X Cu and 3X Zn
reported; previously discovered
sulfides  see above! located
along same fault system,
approximately 2km east of
these discoveries  Malahoff et
al., 1987; Law et al., 1981;
Nalahoff, 1982a, 1982b, 1982c!

site of recent volcanism mapped
with Sea-NARC I at 2600m depth
oa East Pacific Rise gust
south of ClippertorL transform
fault; temperature anomaly and
hydrothermal communities
indicate likelihood of sulfide
deposit  Rastens et al., 1986!
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loc at ion

CNEXO-COB

January 1984

18 30'-33'S,
1.13 24, 5'W'

CHEXO- COB
January 1984
GEOHETEP 3
March 1983

20 06'-10'S,
1.13 42 ' -44 ' W

CNEXO-COB
January 1984
GEOMETEP 3
1983

LAU BASIN
i;P. SM75'W! Lau Basin, within EEZ of the

Kingdom of Tonga; fragments
from a dead black smoker were
dredged from 2100m depth along
axial ridge,' samples contain
Zn, Fie, and Cu-Fe sulfides;
 Craig et al. ~ 1987; Hswkins,
1986!

Papatus I;
SLO
January 1986;
UCSB 1986

active hydrothermal vent
sites identified by large
methane and hiellum"3 plumes
in North Piii Basin along
cent r a l s pread ing axis
 Craig et al ~ L98>!

20 S EAST P AC IF IC R IS E
17 26'S, 113 12.5W

21 30'S, 114 20'W

FLII BASIN
LLL i'.AS, l73 E

CNE XO-COB
January 1984
WHOI, Stanford ~ IPGP
1981

Pspatua I: Legs 5, 6
SIO l986

sulfide edifices discovered
wi thin dra.ined lava ponds at
2600m depth; one black smoker
site; many low temperature
vents  Renard et al., 198$!

4 deposits near 18 30'-33'S at
2600m depth; inactive chimney
similar to 21 30'S; the latter
contains stockwork mineral-
izations as well as massive
sulfides  Renard et al., 1985;
Backer et al., 1985; Hslbach,
1984!

active high-temperature
sulfide deposition fields;
sulfide deposits photographed;
2850m average depth of axial
ridge  Renard et al., 1985;
Francheteau and Ballard, 1983;
Ballard et al., 198I!

over a dozen active chimneys
up to 30m in height including
black smokers; depth of 2800m;
some edifices up to 15m base
diameter and 10m high;
sulfides sampled from blocks
near bottom of graben;
enriched in Cu  Renard et al.,
1.985; Bhcker et al., l985!
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~S BASIN
CCOP/SOPAC
January 5, 1986

MARIANA TROUGH

VOODLARK BASIN

Beaugolais"
PACLARX
1986

U. of Ryukyu,
U. of Tokyo,
JAMSTEC
Sussser 1986

Papatua II1: lag 9
SIO 19864
CEPHEUS Expedition
1982

Inact ive hydrothermal chimneys
photographed using Deep Inw
over 150m distance; mass-
wasted chimney debris and
possible sulfidemnricbed
sediments also seen; includes
"scenic University of Hawaii
photographic safari vent site"
at 3 S; no sulfides recovered
in dredge sample 100m from
site; 2500m depth; chimneys
"morphologically similar" to
those reported from other
spreading centers  Craig et
al., 1987; Both et al., 1986;
'Taylor et al., 1986!

off-tidge hydrothermal vents
identified by methane anomalies
at 3600m depth; methane uncor-
rellated with helium-3; no
evidence of hydrothermal
activity at "Mounds" site to
west �8 01' H, 144 18' K, 3534m
depth! from methane measurement
 Horibe and Craig, 1987;
Horibe et al., 1986, 1983!

Hyd r o cas t, CTD, t r an smi s some t e r
and chemical measurements and
recovery of Fe-Mn ochreous
oxide crust indicate
hydrothermal activity and
potential new vent field
 Sinns et al., 1986; McConachy
et al., 1986; McConachy and
Scott, 1986!

Active hydrothermal venting
discovered in back-arc setting;
water depth of 1540m,' dives
made in Shinkai 2000; mound
discovered in summit crater of
small seamount; mound 5-6m
high, 15-25m diameter; no
recognisable biological
activity; chemical composition
of mound different from mid

ocean deposits  Uyeda, 1987;
Hotta, 1987!



loc at ion

R.V, Vulkanolog;
Vulcanology Inst. of
the Far Eastern Ctr.
of the Soviet Acad.
of Sciences
January 1986

hydrothermal activity and
marine sulfide occurrences?

NR-I Voyage
Summer 19S5

SEA OF OKHOTSK
�0-55 N, 15$ E!

MID-ATLANTIC RIDGE
26 08'N, 44 W
"TAG Hydrothermal Field"

22 55'-23 22'N,
44 53'-57

" Snak e Pi t " and
"MARK Area"

 ODP Site 649!

ICELANDIC RIDGE ?

NOAA, Cambridge U.,
Florida Inst. Tech.
NOAA Vents Program
July-August 1985

%HO I, NOAA, Alvi.n
Summer 1986;
Ocean Drilling
Program, beg 106
Autumn 19S5

Type of Occurrence

springs or -torches"
observed on seafloor near
Paramushir Island in the Kurile
Island Chain  back arc basin?!;
active 5m cone  vent?! at depth
o f 800m;  Ocean Science News,
1986; Tarasov et al., 1986!

Eleven black smokers
discharging through rocks
in a 150m diameter area
at a depth of 3620-3675m;
dredge recovered Cu, Fe, Zn
sulfides, sulfates, and Fe-Mn
oxides and hyrdoxides from
"inner mound" �00m by 60m
high!; possible 4.5 million mt
deposit; at least 35 inactive
chimneys also observed 2km
northeast of mound at 3600m
depth  Schroeder et al.,
1986; Rona et al., 1986a,
1986b, 1985!

%helve or more small chimneys
up to 10m high; large active
black smoker more than 13m
high, 3-4m in diameter; 10
shor t holes dr I lied wee twar d
from smoker; minerals include
Zn, Fe sulfides at site 649b;
Cu, Zn, and Fe sulfides at
site 649g  Sulanowski et al.,
1986; Honnorez et al., 1986;
Rmphris, 1.986!
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D pw g Xur~ Deprsiits in the !lokuriiku 7!istrict. Abhreuiutiniis: tu! tint tleterniined.
Iow, !ntt nnt analyzed. Updated from Toheuchi  !970!.

Grade of crude
me  %!

Production in
1912  per month!

Size of ore de-
posit  meters!

Sire of
mines

'Veer of
gurtse uf ore deposit ditomrery

Name of
mine Cu Pb

million
tons

Hoss ka'

350 X 120 X 120
600 X 350 X
26O X 6OX 40
1$OX!oo X 30

Tsu teumizswe !88$
Doyashiki 1916
Kamiyama 1919
Oc his i ra we 1942

23.93.2 0.8 2.51963 80O X 800 X 30 Crude ore
«$0.000 tons

M a ts umine

Crude ure 8 million
10,000 tOns tnnS

19.0
!O. I
15.9

1.6 6.8
1,0 1.$
1.1 3.2

nd
nd
nd

210 X 90 X d
!90 x 190 x 13
480 x 400 x 24

1969
1969
1970

Kanayamazawe
Fukaza eat M anna!ru

Tsu ntskakezawe

300X1$0 X 12
400 X 12O X 6
400 X 300 x 40
350 X 70 X 13
35O X 25o x »
430 x 1!o X 40
400 X 110 X 10

Crude ore
~35.000 tons

10 million
tons

120 X 100 X 150
180 X 70 X 190
130 X 40 X 100
65O X 15O X 8
70 X 30 x 45

Crude ore
~ 11,000 tons

2 million
tonesHans was

Yonosawa 1959
Daikokttzswa-Hidashi 1959

Furutobes Daltakttcawa-gishi !960
!tdadari3iazawa 1962
8 ldasb lmsto ra we 1968

2$0 X ! 00 X 15
IOOX 8OX 20
250 x Tox 60
200 x 1$OX IO
150 XOX 10

Crude ore
~ 1$.000 tons

I million
tons

Crude ore 10 mioion
10,000 tons tons

2.0 23.0T kada
3!atsuki

3.0 1.0$40 X ! 20 X IO
400 X IDO X 10

1963
1964

1$OX200X $01942
Crude ore 10 million

9,000 tons tons
'1955
1956
19$7

40X 5ox 3o
dox ldox do
60 X 200 X

1960 150 X 80 X 28
!967 . 80 X 150 X 10

' Does h!inin!f Co.
' Niypoa hfinsas Co
' Mtteubishi Metal Minie' Co
~ gkto h!eta! hdinind Co,
~ Esticnate of total crude ore mined plus eseerves  from 11'atanabe. 19731.
' Rcdudind !oe~ area

SOURCE: Lambert. I.B. and Sato, T. I974. "The Kttroko and Associated Ore
Dt-Posits Of Japan: A Ravietr of Their Iteatures and �etallogettesis."
ECoaotldc ~lo 69! 12IS-I236.

Mocoyama
Uchiiiotsi-Nisbi
Uclainota i- Hidashi
Uwamuki otto. 1
Uwansuki No. 2
Uwamuki No. 4

Shakaaai No. 1
Shahaaai No. 3
Sha!raaai No. 4
S!mkanai No. 5
SbakaaaI No 7
Shakanai No. d
Shakanai No. 11

Motoyama
Sanda ira
Afire
Osaki

Yanosaws
Sssehiro
Daikoku
Benton
Yoltodawsra
H aaorosno

1861
1959
196U
1962
196$
1966

1962
1963
1963
1964
1965
1965
1967

>!960
1951
!957
1962
!96$

300 X 700 X
4UU X 350 X
300 X 400 X
150 X 100 X
200 X 150 X
3$0 X !DO x

$0
20
16 7
40
17

2.2 0.8
2.8 I. I
2.0 1.5
06 42
0.8 !.d

2.8

L2 D7
2.$ 0.$
1.$ 07
2.4 1.5

24 32
1.1 6,2
17 07
1.9 I.O
14 0.9
07 02
1.9 3.4

0.6
0.4
0,8
1.$3.5
2,0 0.$

1.9 0.9
2.8 1.4
1.1 0.1
1.9 0.3
2.3 1.0

0.7
4.7
2.2 1.3
1,9 1.2
2.0 0. 7
L9 3.5

4.$

	.$
7.8
d.3

1.9
1.8
4.1
$.9

14.6
10.0
2,9
3.4
3,2
1.0

	.8

0,3

2.$
10 0
3.0

4.3
6,2
1.0
2.1
2.9

8,3
5.1
3.1
2.9

10.$

23.7
19. 8
15.6
4.7
8.8
6.3

nd
nd
nd
nd

14.0
12.0
22.0
17,0
26,0
33.0
18.0

24.0
23.0
15.0
12.0
23.0

20.0
28.0
17.6
20,8
23.0

25.0
20.0
18.$
18.0
21,0
23.0

Crude ors.
45,UVU tons

Acid leached Cu
TD tons

Cu ore 25,000 35 million
tufts tons

Pyritic ore
10,000 tons
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Table VII-6

Table 1. Meml contents o some massive svlhde arcs

Archean Cu-Zn
 Canada!'

Kuroko
 japan!'

16,0 22.S 2.2 3 12 290 2�
0.6 7.0 4.5 92 60 170
02 2.0 7.4 36 30 180
0.07 0,2 0 4 1S 20 80
0.06 0.2 1,9 11 80 140
Oe 45 22
0.7 1.9 1.2

Cyprus  various! 0,7 2.7
Erga ni, Turkey 10 22

Cyprus

0.92 10Bcssht'

Not spoeiSed
 Ptecambrian
Australia!'

4 10 0.2 45
12 4 115
7.$ 60 130
7.7 9.6 125

McArthur River
Broken Hill
Mount ha
Hilton

' SnnSster and htt, 1976
s Lambest aad Sato, 1974

Mercer 1976
Lambert, 1976

SOURCE: Amcoff, 0. 1984. "Dietribtttiott of Silver in 14eesive Sulfide
Oreg." Minerelittta De osita 19: 63-69.

Horne mme
 Nore ada!
Quemant
�4arsods!

Matte gami Lake
 hlata8s mi!
Mattabi
 Sturgeon Lake!
Fhn Floa
 Manitoba!
Fox Mine
 Lynn Lake!
Kidd Creek
 Tunmins!

Kanaka aud
Hanakoa

Black ore
Semi-bhck ore
Yelknr ore
Pyrite ore
Siliceous ore

Karaku  mean!
Hanakoa  mean!

%Pb %Z 9C pp AS ppmSb pprrt»

n.s 2.19 ns

n.s 1.86 1.27 l7

n.s 10.4 0 69 36

0. 64 7.6 0.9 I 100

n,s 4.24 2.99 40

n» 2.70 184 n»

0.40 9.7S 1,52 1 58
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Sec,tion VIII: World Consum tion, Produc'tion, and Tt'ade in Zinc and Copper

section summarizes world consumpt ion, product ion, and trade f or two

metal commodities, zinc and copper, over the 75 year period from 1908 through

].9S$. goth commodities are traded in world markets. We identify zinc and

copper ss the two commodities most likely to be examined first for future

production from marine polymetallic sulfide  NPS! deposits. Copper might also

be produced from manganese nodule deposits. In any consideration of potential

production from offshore sources, it is important to understand patterns in

and national shares of world consumption, production, and trade of metal

commodities, like zinc and copper. In general, to the extent that one or more

nations might exert market control over trade in metal commodities, resulting

price effects or heightened national concerns about sources of supply for

defense needs might call offshore sources of minerals into production.

Furthermore, an analysis of this sort is a first step at identifying the

"winners" and "losers" or the relative position of nations in the world trade
of metal commodities.

It would be useful to compile this information for all of the prospective
marine mineral resources. Some marine minerals, like sand and gravel, shelly

and. in some cases, phosphorites, are traded in local markets and so a

worldwide analysis would be inappropriate. Others like hydrocarbons, sulfur,
and tin, have experienced periods during which market control was exercised by
producers or by combinations of producers and consumers. It is interesting to
note that in these latter cases, offshore production already has occurred .
Still others, like cobalt, platinum, manganese, and chromite, have attracted
considerable interest as "strategic" minerals  OTA, 1985!. In the United
S~ate~, the Department of the Interior's Office of Strategic and International
~nerals has spent several million dollars to draft an environmental impact
statement on the potential lease sale of OCS lands off the coast of Hawaii

con'taining cobalt-rich ferromanganese crusts  HKS, 1987!. Me restrict
ourselves to an examination of zinc and copper, as potential MPS coamodities,
and present this as an example for the analysis of other minerals, should the
interest arise.

Ib«ata were compiled for the 25 and $0 year intervals: 1908, l933 and
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1983, The world's leading consumer countrie~ producer countries,

countries are listed in order of amounts consumed or produced in 1983 he

tables describing the zinc market are presented first in Figures VIII-1

VIII-8, with the copper tables following in Figures VIII-9 to ylll 12 Copper

production involves three phases during which statistics are available:
minehead, smelting, and refining. Zinc production involves only the two

phases of mining and smelting.

Next, in Figures VIII-4 to VIII-7  zinc! and Figures VIII-13 to ylll � 16

 copper!, the leading exporters and importers are ranked in terms of zinc

copper exports or imports as a percentage of, respectively, total country

exports or imports and as a percentage of gross national product  GNF!. denly
1981 was examined, using recent' data from the World Bank, the U.N. Conference

on Trade and Development, and the U.S, Census Bureau. Finally, in Figure

VIII-8  zinc! and Figure VIII-17  copper!, a net value trade or difference

between the value of exports and imports in 1981 was computed. Those nations

with the highest trade surpluses or the lowest trade deficits are ranked.

Perhaps the most striking aspect of the productio~ data is the decreasing
international concentration in both zinc and copper production from 1908 and

1933 through 1983. In 1933, the United States held the largest share of
copper production in the mine �6%!, smelter �2X!, and refined �2%! phases.
By 1983, those shares bad decreased to 13X, 12%, and 16X respectively. In
zinc production, the leading shares held by the United States of 30X in the
mine phase and 28X in the smelter phase decreased to 5X each by 1983.
similar phenomenon occurred in zinc and copper consumption where the United
States as the leading consumer in 1933 of zinc �9X! and copper �8%! consumed
a smaller share of the total market ia 1983 of zinc �5X! and copper �9X!-

It is interesting that, over the 75 year period, the volume of zinc a« «Pper
in vorld trade increased substantially  9 times for zinc and. 13 times «r
copper!; market concentration in zinc and copper decreased, wit» sub«ant«1
increase in the number of producer countries; and the real prices o«inc a«
copper  see section II! fell during this period.

In Figure VIlI-18, constructed for copper only, net trade flo» whe«
placed into a matrix that displays net trade volume ««he y ars 1973, 1978

The matrix identifies tbe net flow of copper from exporting nations
to imp «ing nations. %he data vere compiled from Wtallgesellsellscbaft, 1984.

tifiea the 4<0~+ flow of copper from net exporters to gross
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importers  nonproducers! and ~ross flow from gross exporters  nonconsumers!
net importers. In 1983, the United States, as a net importer of copper,
received most of its imports from Chile, Canada, Zambia, and Peru, although it
received copper from several other countries as well. The United States did
export copper, as shown in Figure VIII-l7, valued in 198l at about a third of
its imports. Copper exports from net importers and imports from net exporters
are not shown in Figure VIII-18. China has recently become a large consumer
of Canadian copper, second only to the United States and may become a larger

factor in the copper market.

Zinc exports, in most cases, represent a small share of the leading export

nations' total exports and GNP  Figures VIII-4 and VIII-5!. Only in the case

of Peru do zinc exports exceed one percent of GNP. Conversely, for several

countries including Zambia, Zaire, Papua New Guinea, Chile, and Peru, copper

exports, shown in Figures VIII-13 and VIII-L4, represent a substantial portion

of total exports and GNP. Belgium still remains a large export market for

Zaire  formerly the Belgian Congo!; Belgium imports more than half of Zairean

coppet' ore. Copper exports are almost one-third the size of Zambia's GNP.

The United States is the largest export market for Chilean and Peruvian

refined copper.

Imports of copper or zinc do not represent very large proportions of total

imports or GNP of any country, as seen from Figures VIII-6, VIII-7, VIII � l.5,

VIII-16. Belgium and tuxembourg, counted together as important metal

commodity entrepots, have the highest proportion of copper and zinc imports as

a percent of GNP, with 0.38Z for zinc and 2.00% for copper. Copper exports

are more than one percent of GNP for these two countries as well  Figure

VIII"14!. Belgium and Luxembourg trade copper with more countries than any

other, with the possible exception of West Germany.

Examination of the balance of value trade in zinc and copper  Figures

VIII-8 and VIII-17! shows that Canada, Australia, and Peru benefit greatly

from export trade in zinc while Chile, Zambia, Canada, Zaire, and Peru hold
the highest trade surpluses in copper. The United States has the leading

trade deficit in zinc at more than $600 million, with a comparable trade
deficit in copper of 5584 million. Japan hae the largest trade deficit in
copper by far with more than g2.2 billion. Japan is followed by several
European countries and the United States. The trade balance data demonstrate

the general dependence of the developed European countries and the United
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States upon developing countries and Canada and Australia For zinc and

copper. The extent to which the general balance of trade, and the country

rankings, will remain stable over' time is uncertain. However, new sources of

high-grade zinc and copper deposits, such as NPS, have the potential in the
future of rearranging national trade balances in these markets.

Sources

Census Bureau. 1983. Statist. ical Abstract of the United States. Washington:
U.S. Department of Commerce.

Netallgesellschaft. 1984. Netallstatistik. Frankfurt am Hain:
Netallgesellschaft Aktiengesellschaft.

Netallgesellschaft. 1936. Metallstatistik. Frankfurt am Main:
Netallgesellschaft Aktiengesellschaft.

Netallgesellschaft. 1910. Metallstatistik. Frankfurt am Hain:
Metallgesellschaft Aktiengesellschaft .

Minerals Management Service  NNS!. 1987. Draft Environmental im act
Statement: Pro osed Marine Mineral Lease Sale in the Hawaiian Archi ela o
and Johnston Island. Exclusive Economic Zones. Reston, Va.: U.S.
Department of the Interior.

Office of Technology Assessment  OTA!. 1985. Strate ic Mater'ials:
Technolo ies to Reduce U.S. Im ort Vulnerabilit . Washington: U.S.
Congress.

United Nations. 1982. Yearkook of International Trade Statistics. Vol.
2. New York.

United Nations Conference on Trade and Development  DNCTAD!. 1984. Yearbook
of International Commodity Statistics. New York.

World Bank. 1983. World Tables. 3rd Edit. Baltimore: Johns HoPkins
University Press.
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Figure VIII-I: REFINED ZINC CONSUMPTION
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Amount Share
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Figure VIII-2; ZINC MINE PRODUCTION
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19081/
Alaount Share
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Figure VIII-3: ZINC SMELTER PROINCTION
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Figure VIII-4' ZINC EXPORTS AS A PERCENT OP TOTAL EXPORTS: 1981

Value of
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Export Trade
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4US x 109

Current
4US x 106
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FiBuz'e VIII-5; ZINC EXPORTS AS A PERCENT OF GNP: 1981

Gross National
Produc t

Share of World
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Export Trade

Values

Zinc Export
Trade Value s
as a g pf GNp
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Export

Trade Values

Current
4US x lO9
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Source: MorId bank, 1983; Unfted Nations, 1982; Census Bureau, 1983.
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Figure VIII-6: ZINC IMPORTS AS A PERCENT OF TOTAL IMPORTS-. ]981
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Figure vIII-7 zINC IMP0RTs AS A PERcENT 0F GNP' 1981
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BALANCE OF VALUE TRADE IN ZINC; 1981Figure VIII-8:

Value of
Total Zinc
~Ia on Trade

Va1.ue of
Total Zinc
Export Trade

Net Value Trade
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Current
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Pfgurc VIII-9! REPINED COPPER CONSUMPTION
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Figure VIII-IO: COPPER MINE PRODUCTION
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Figure VIII-II' COPPER SNELTER PRODUCTION
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Figure VIII-12: REFINED COPPER PRODUCTION
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Fi gure VII I 13 ~ COPPER EXPORTS AS A PER CEÃT OF TOTAL EXPORTS t 198 1

Copper Export
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Figure VIII-14: COPPER EXPORTS AS A PERCENT OF GNP: 1981
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Pfgura VIII-15' COPPER IMPORTS AS A PERCENT OP TOTAL IMPORTS: 198l
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0.57



� 145-

Figure VIII-16: COPPER INPORTS AS h PERCENT OF GNP: 1981
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Figure VIII-17' SALANCE OF VALUE TRADE IN COPPER; 1981
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Section IX: Value of U. S. arent Consum tion, lm orts and Rec clin

For selected commodities with potential seabed sources, ve have collected

j n format ion on apparent consumption in the Uni ted States, net impor t reliance,

snd recycling. This information is published annually by the U.S. Bureau of

Mines in its Mineral Commodit Summaries  see, e.g., BOM/MCS, 1986!. Figure

IX 1 js the commonlydisplayed net import reliance as a percent of apparent

consumption. For commodities that are underlined in the figure, we have

calculated apparent consumption and net import reliance using BOH

definitions. Figure IX-1 can be somewhat misleading because it does not

include any i.nformation about the size of the markets for the metals for which

the United States has s net import dependence. Figure IX-2 modifies Figure

IX-1 to include this information. Note the change in scale between the two

bar charts in Figure IX-2. In particular, for manganese, yttrium, platinum,

cobalt, chromite, thorium, and barite, the markets are relatively small,

is interesting that in 1986 the United States imported more copper, in terms

of value, than any of the aforementioned metal commodities  net copper imports

represent less than 30 percent of the U.S. market for that commodity!.

For many metal cowmodities with potential seabed sources, there exist

well&eveloped and competitive technologies that recover metals from secondary

sources. Figure IX-3 displays recycling activity as a share of apparent

consump'tion. Some important exceptions to secondary recovery are cobalt, with

less than 10 percent secondary production, manganese, phosphate rock, yttrium,

barite, and zirconium. It should be noted that the si.ze of the

markets for some of these cawsodities  manganese, yttrium, thorium, barite,
si«onium! are relatively small in the United States. It i.s probable that a
c mbination of availability and cost may not support recycling activities in

e markets- Farther research into recycling may prove fruitful.
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Fig Ix-2: Apparent Consumption And Net Impor t Relipnce
In The United States 1986
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Section y: Biblio ra hy of Marine Minerals and Public Polic

This sect on presp selected bibliography of roughly 1300 f
i e minerals, oriented tosard references in marine policy.per taiaf.ng to mar n

ltidisciplinary field, publicatio fSecause mar ne po cy

academicd i disciplines are included. More attention was given to 1

references romfrom the. social sciences  especially economic.s, political science,

and law! t an! than from the natural sciences. However, there are many marine

geologica re eren1 references and general topical sources as well, We believe that no

other existing bibliography or database focuses primari.ly on marine policy

publicarions for marine minerals; this is an attempt to help fill this void.
As is the case with most bibliographies, this one cannot claim to be

allmncompassing. Ve expect to update and potentially to index the

bibliography in the future. We welcome any additions.

The interested researcher is referred to the following additional

bibliographic sources:

Computerised:

NGDC-NOS-MMS Hsrine MineralS Biblip ra h . BOulderp COlO ~ ; National
Geophysical Data Center, National Oceanic and Atmospheric Administration.
Contact: Carla Moore, Geologist, Ph: 303-497-6767.

Ocean Mini Citation Retrieval S stem. Ottawa, Ontario: Resource Evaluation
Branch, Oceao Mining Division, Canada Oil and Gas Lands Administration
Contact: Helen Joseph, Hineral Resources Analyst ph: ,613-993-3760.

Printed.:

<or ~ C L. and L.A. Foster  eds.! 1980-1987. Marine Affairs Biblio ra h .
Law of the Sea, Section EX. Marine Resources: Nonliving.

~lifaXR Nova SCOtia: Dalhousie Law SChOOl.

Avery D. 1986. Ocean Mini References. Preliminary Reference List.
Sp k4neh Waah.: Western Pield OperatiOna Center, U. S. Bureau of Mines.

letin Germinal. 1952-Present7 Nouvelles de 1'Activitb Miniiere en Mer.
>leans, France: GERMNAL.

Office of
the

f the Special Representative of the Secretary General for the. law of
Law of the Sea: A Select Biblio ra . LOS/LIB/1-

United Nations.
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Office of Coastal and Resource Management. 198S. Summary of Ocean MineralActivit and Related Research. Washington. National Oceanic and
Atmospheric Administration.

Office of Ocean Minerals and Energy. 1984. Literature on DeeP Seabed MininSu orted or Written b NOAA. Washington: National Oceanic and
Atmospheric Administration.

and Index to Literature on Man anese Nodules �861-1979!. Honolulu:
of Hawaii.

Earney, F.C.F, 1980. Petroleum and Hard Minerals from the Sea. New gorlt.John Wiley and Sons, pp. 261-281.  Ihe reference section contains S92
sources.!

78 � 2. First Edition. Washington: National Oceanic and Atmospheric
Administration.

Moncrieff, A,G. and D.P.P. Baker. 1977. Sources of Information on Ma anese
Nodules. London: Consolidated Gold Fields.

Glasby, G.P. and G.L. Hubred. 1976. "Comprehensive Bibliography of MarineManganese Nodules." New Zealand Oceano ra hic Institute Mem. 71..

Ocean Studies Program. 1971. Oc a Aff i Bib
Woodrow Wilson International Center for Scho

Washington:

Glasby, G.P. 1972. "Selected Bibliography of Marine Manganese Nodules. " New
Zealand Oceano ra hic Institute Record 1�!: 5-3S.
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Biblio ra h of Marine Minerals and Public Polic
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