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Trends of Mineral Resources Research in the United States
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Table

1. 21 Industrial raw meterial-resources, demand, geographical distribution

and lifespan of reserves.

Raw
material

percent

Share

of three
countries

1974

Share
of five

countries

1974
percent

Regional distribution of Resources Reserves Ratio of Ratio of

measured and indicated
reserves-1974
country and percentage
share

1975/76

1975/76 reserves

metal content in to 1975
million metric demand

tons

in years

cumula-
tive
demand

1974—2000

Basic
metals

Iron

39.4

76.0

USSR (31.1) Brazil (16.6)
Canada (11.7) Australia
(10.2) India(6.4)

195 000

90 500 177

4.5

Copper

44.7

58.0

USA (18.4) Chile (18.4)
USSR (7.9) Canada (6.8)
Peru (6.5) Zambia (6.3)
Zaire (5.6)

1 500

408.2 62

Lead

58.0

71.9

USA (35.6) Canada (11.5)
USSR (10.9) Australia (10.9)
Mexico (3.0)

300

150 49

Tin

50.8

69.0

China (23.6) Thailand (15.0)
Malaysia (12.2) Bolivia (9.9)
Indonesia (8.3) Brazil (6.0)

37.0

10.2 44

Zinc

55.0

68.5

Canada (22.8) USA (20.1)
Australia (12.1) USSR (8.1)
Ireland (5.4)

245

135 41

Light
metals

Alumi-
num

67.6

78.1

Australia (26.0)

Guinea (26.0) Brazil (15.6)
Jamaica (6.1) Greece (4.4)
Cameroon (3.9)

Surinam (3.4)

5700

3 483 >200

Titanium

93.0

98.2

Brazil (65.9) India (21.7)
Australia (5.4) USA (3.5)
Sierra Leone (1.7)
Canada (1.6)

1234

340.1 >300

Alloying
metals

Chromi-
um

96.5

98.2

S. Africa (73.9)

Rhodesia (19.7) USSR (2.9)
Finland (1.2) India (0.5)
Madagascar (0.4)
Philippines (0.4)

Turkey (0.4) Brazil (0.3)

1049

523.2 >200

Cobalt

69.0

91.1

Zaire (27.7)

New Caledonia (27.1)
Zambia (14.2) Cuba’(13.8)
USSR (8.3)

4.3

2.4 78

Colum-
bium

89.7

96.4

Brazil (75.8) Canada (7.6)
USSR (6.3) Zaire (3.8)
Uganda (2.9) Nigeria (2.7)

14.6

10 > 800

>10

Manga-
nese

90.5

97.7

S. Africa (45.0)
USSR (37.5) Australia (8.0)
Gabon (5.0) Brazil (2.2)

3265

1814 197

Molybde-

num

79.1

USA (49.5) USSR (15.2)
Canada (14.4) Chile (13.6)
China (3.8)

28.6

FN ickel

69.4

87.0

New Caledonia (43.7)
Canada (16.1) USSR (9.6)
Australia (9.2)

Indonesia (8.4) Cuba (5.7)

129.7

55.3 77

Tantalum

72.7

84.8

Zaire (55.0) Nigeria (11.0)

USSR (6.7) Thailand (6.7)

Malaysia (5.4) Canada (4.8)
Brazil (4.4)

0.26

0.07 49
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Alloying Tungsten 74.6 87.1 China (53.6) Canada (12.1) 5.2 1.8 46 1.2
metals USSR (8.9) N. Korea (6.4)
USA (6.1)
Vanadi- 94.8 97.3 USSR (74.7) S. Africa (18.7) 56.2 9.7 >300 7.5
um Australia (1.4) Chile (1.4)
USA (1.1)
Accessory Bismuth 58.4 69.7 Japan (25.6) Australia (19.5) 0.13 0.06 22 0.5
metals USA (13.3) Mexico (6.2)
Peru (5.1)
Mercury 60.8 80.0  Spain (40.6) USSR (10.1) 17510 4930 21 0.7
Yugoslavia (10.1)
China (10.0) USA (9.1)
Italy (8.1)
Preclous  Silver 65.0 86.7 USSR (26.7) USA (25.0) 0.70 0.19 16 0.4
metals Mexico (13.3)
Canada (11.7) Peru (10.0)
Australia (3.3)
Platinum 99.8 100.2 S. Africa (71.3) 0.026 0.009 110 3.1
USSR (26.7) Canada (1.8)
USA (0.2) Colombia (0.2)
Asbestos  76.9 83.5 Canada (45.2) USSR (24.8) 249.4 145.1 35 0.9

S. Africa (6.9)

Australia (3.6) USA (3.0)

Source : W. Michalski, World Mining (September 1978)

(a) Geochemically
abundant metals

—

Amount

Current
mining

Grade () —

(b) Geochemically
scarce metals

Amount =+

Current
mining

P\

Grade (3} ——»

Distribution of metals in the earth’s crust.

Source : B.J. Skinner, American Scientist (May-June
1976)
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ESTIMATED AMOUNT OF URANIUM (TONS)
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Fig. 2. Distribution of uranium in the earth’s
crust.

Source : K.S. Deffeyes and I.D. MacGregor,
Scientific American (January 1980)
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Table 2. Examples of U.S. production, import, consumption and government inventories
of minerals in 1979.
ile¥*
Material Units Do(;nespc Import Cons‘sun:‘p— Stockpile
production ton Inventory Goal
Chromium t
Chromite: — 1043 000 1043 000
Metallurgical-grade 1775000 2 313 000
Chemical-grade 220 000 666 000
Refractory-grade 355000 582 000
Chromium ferroalloys 181000 508 000 689 000 389 000
Chromium metal 3600 9000
Cobalt t none 8618 9208 18 508 38 744
Copper t 1 430 000 300 000 2 260 000 20 000 1178 000
Iron ore t 85300000 35600000 117900000 — —
Manganese
Manganese ore: t none 454 000 1 179000
Battery: Natural ore 188 000 12 000
Synthetic dioxide 2700 17 000
Chemical ore 200 000 224 000
Metallurgical ore 2 154 000 1 862 000
Ferromanganese: 680 000 907 000
High carbon 544 000 398 000
Medium carbon 26 000 90 000
Silicomanganese 22 000 73000
Electrolytic metal 13000 14 000
Nickel t 13 000 177 000 246 000 — , 185000
Platinum group metals kg 311 105 750 87 400
Platinum 14 090 40 870
Palladium 39085 76 200
Iridium 529 3040
Tin t — 57 400 67 700 203 698 33021
Tungsten kg W
Ore and concentrates 2700 4 990 11570 27 220 4002
Metal powder 711 1492
Ferro 381 8 060
Carbide powder 871 5.826
Zinc t 260 000 610 000 900 000 338 000 1191000

* Includes secondary, ** Stockpile status 11-30-79,

CORTHKDODDHIIBPEL VIAT VOHER T~
v e a s LRI HEER DT HBEFEITE
WEDTWIETHAH S EvbhTn519,

L Lo bofERBEEE L&V 3 3GCBRAR
LR TWaBITh E S HEIT b CREREEIC Y
KT IO RBERELEREIEEIEDINETHD LD
E2HFSTTETWHY. EHETONILPLEE, KK
RA LI FRECIDOTEA L SHYRPC D
THEEVNRBE LY, TLEELELERLRTET
HEEHREZE L TiEs | L 2h e B E s LT
G MBEOLTE(CLBL L EEXhTW 5. HED
Hf-eFED L7 c— e L TOFEoEEENU £
DFEXYEMTHZ LB L TREDL, AY—F Vv

Source : Mineral Commodity Summaries 1980, U.S. Bureau of Mines

DENCHR Bhb X 5 e FEL EOHECR L TEBLOF]
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—7i84 (Recycling) $ AEFRE=F1¥ Thb L
WM B BB T 5 O TRRIMEYERE & LTH
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DM = F A FFTERIEMN LT E 2000 FLIBE
BEEYOEECHE LTI AT 0= 32 L ¥HER
DOFYUMNEES I NIED T BY. T THENOEAE
ODBRBEZBLCOE =R AF LERBC =2 AFHHEOR
WHEITORMRLPBHBERBOFAOEERSHHFH IS D
TThBE. BEEOMBIZOWT—flE L DoTHh 5B EE
FEDREET & 7 MBI ET % = R A F M OBSFI
Fig. 5 127R¥ & 80 Th 52319, 2000 FECLEEA O
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Fig. 5. Energy required to produce copper from
ore of various grades.

Source : M.H. Govett and G.J.S. Govett, Resources
Policy (June 1978)

Table 3. Unit energy for production of primary
and secondary metals.
(106 kcal per ton of metal)

Primary, Energy saved

from ore Secondary through

recycling
Magnesium 90.2 3.0 87.2
Aluminum 61.5 3.0 58.5
Nickel 36.3 3.8 32.5
Copper 28.2 4.5 23.7
Zinc 16.4 4.5 11.9
Steel ' 8.1 3.3 4.8
Lead 6.8 3.0 3.8

Source : H.H. Kellogg, Eng Mining J (April 1977)

RALITEAED 0.65 2 — v 55 0.3 2~ v iR
TFENBEFRINTS. = OBAFEEMAAE 0.3% Cu
DA B IR T D IINEE ¢ Yo ) O =R AFFTERER
ZfE LD, T LEERRIEEORVBEOR S fF
LI oTC =2 AFHERIIND Th{BE~DEELX
ELIED T B LY BEOEBEENERTES.
Table 3 ICghA % BHEHUB LIS EA 25, THE
L TCERBRLLESO = 2 AFHEBEENFIIR TV 5
A, Fz X7 =y ARDOWTIIESt ¥ih OFf
B AX¥ X EENLED BRI BEAZ7S 7
DD 20 1%, BWCOWTII—RERIIAZ 5 » 7
BRO25ED=F3AFEBETEHZ Ltk D>Tw5. B
EEEIATWI&EHY Table 3 7 KBTI
DWTHATH BAETHIIEER 3x10tkcal =¥
(FiRBE 2x108 S v LfHY) 2SR TEAC LI D
FRHOBAED 10 A— v v P OEWEBRES TS - &
icd. 23O HICIZEINPEINCE TS =5
¥, BICITEERBOME O RBECRITTRER &N
EEThTELT, BAFMBRERN L O DI
EERAE O BIRBEY PETHH L5 RED AR
A2,

4. HERNBEOEN

BE 25 FREGEYWOEE T A DO L b ZE
MLTEY, $BETETEELUTL =2 AFEHER
R, REHRSTHEE Lo o@MikiEMmit LTT < 8K
wBIR L CHEYOTECE UTarRdE bisv it
1M, ZDHIII I bOHEETER L CHGE &E
L UTHIT BRERENOMIE L cht T EhaHHED
FERVBEELCMBE L /DT B, L L 1950 FER DR
B B B0 AR FHEERBERICE S » SREHF
FhD —igk 70T 1968 it £k 0 HH T
(Mineral Engineering) 2z 100 £ L3 F T
W Lic, ZooffE E¥EARCT 5 HAK DY
BHRTHREO KT F20C ST %2 B,
1950 4ERICIT 34 DAICHLE Lic#i TENT 1970
FREDTX D wx e THEwind. oYk
THFRFERME OF CHERFRE OB 51 —FELD
febDZ ETHSB.

E T AN 1970 ERITADTAHMGEE & & DTFHR~
DRSO T E D SER N E O BILbIAY, 4
FAWREIN L, 4T3 500 4% 1 Bl a5 %4 0
R EETE VG E VbR T, 1956 FELG %Y
TEFHE @B THFo %E (BS), &t MS), #+£
(Ph D) g gefiaRd & Fig. 6 0 X 5 %
oD Tw5b. 1960 FErREICRESROSE TS0 B
BILFE (Material Science) HVHiST35 K4 2,
Bl CliM SR O FZAR I 4 HME SR TV 54,
TORFC I 2>TRSBETH EMH TSR —FRITE

900
800 |
700 |
a 600 |- BS
=t et E & Mat Sci
£
° 500
s
S
s
. 400 +
2 !
g Hs /
= 300k ttet £ & Mat Sci ~
/
—_— PhD /
‘< Met E & Mat Sci U
200 - BS/ \\\\ e i /,
s g
Hin E S e’ us
~ ~ M
100 | ~ i
L Min E
Rl
1 I 1 1 1 D e o S~ o Min |

1956 1958 1960 1962 1964 1966 1968 1970 1972 1974 1976 1978
Year of Graduation
Fig. 6. Baccalaureate and graduate degrees
awarded in mining engineering, metal-
lurgical engineering and materials science
and engineering.

Source : Mineral Resources Commiitee of the National
Association of State Universities and Land
Grant Colleges (February 1977)
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Fig. 7. Average monthly starting salaries of new
engineering graduates.
Source : Iron and Steel Maker (November 1979)
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Table 4. Process energy for metals production
from concentrate.

106 kcal per t

Process Free .
energy  energy Efficiency

Titanium sponge

(Na reduction) 90.5 4.03 4.4
Magnesium ingot

(Sea water process) 85.4 3.06 5.9
Aluminum ingot 49.6 6.35 12.8
Ferrochrome, 31.5 2.99 7.0

low carbon ’ ) )
Sodium metal 22.9 1.76 7.7
Nickel cathode 22.4 0.78 3.5
Ferrochrome,

High carbon 13.9 2.22 15.9
Ferromanganese

(Arc Furnace) 12.1 1.84 15.2
Copper, Refined 12.1 0.45 3.7
Zinc (electrolytic) 12.1 1.06 8.7
Ferromanganese

(Blast Furnace) 10.8 1.84 17.0
Steel slabs 5.5 1.44 26.0
Tin ingot 4.8 0.96 19.8
Lead ingot 4.5 0.20 4.4

Source : H.H. Kellogg, Eng Mining J (April 1977)
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