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ABSTRACT

As In the past, we are concerned today with the magnitudes of mineral resources and
the adequacy of these resources to meet future needs. In looking at global resource
issues, we should consider the need for the resource, its supply, and the environmental
consequences of using it. The need for a resource can. become a resource dependency,
especially as the global population expands and each of us becomes increasingly dependent
upon hundreds of natural materials. Therefore, our great mineral consumption makes the
human population a true “Geologic Force’, which will be even more significant in the
future when the global population is projected to reach alarming proportions.

Although our supplies of mineral resources probably will be sufficient for the 21st
century, the uneven distribution of minerals in the Earth’s crust almost certainly will
continue to be a major problem. The most likely result will be major shifts in both prices
and sources of supply of many mineral resources. As for energy resources, we must avoid
an obsessive dependency on one fuel and expand instead to other energy resources.
Finally, because the use of resources affects the environment, we need to focus on
resource exploitation and global pollution, particularly in regard to ground water and
arable land. We must manage our resources so as to be in balance with our environment.

And the accelerated industrialization of South Korean economy over the last three
decades has resulted in the mass consumption of mineral commodities. South Korea has
around 50 useful mineral commodities for the mineral industry, among 330 kinds of
minerals described. The component ratio of the mining industry sector of the gross
national production(GNP) in South Korea dropped from 1.2% in 1971 to 0.34% in 1997 due
to the rapid growth of other industries in the country. During the period from 1971 to
1997, the average growth rate of mineral consumption in South Korea was 9.13% yearly
and that of GNP per capita was 14.97%. The mineral consumptions per capita showed a
continual increase during the last 30 years as follows(parenthesis: GNP per capita); 0.99
metric tons in 1971($289), 3.83 metric tons in 1989( $5,210), 6.11 metric tons in 199
($10,037), and 666 metric tons in 1997C $9511). The total amount of mineral
consumption in South Korea was 33 million tons of 32 mineral commodities in 1971, and

306 million metric tons of 47 mineral commodities in 1997.
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ZHA (AR, resources)ol & “QUztol Al F&(HRA)SH, 7F(TH)SH, 2 FFo] A
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AR, BEAY, FHTAY, AIAU R FIAL FE 2T ZLAE Y49 A4
ol Wstel, & o @AMl YwHoT AP UL Fojo HAc2A FE A
Sl ¥E G mEy A0 BT 2 AUAALE @

ok 1M17] A(1891) v Fx A EANME A53] == ] A &3] (International
Geological Congress @ IGC)7tF /WA H AT, FAIY MAlE ofa Fow, Ade 5
e olF AfIt AU, FY B &t gusidct 12 EE o 100d T B
Ao dd #2883 IGC198Y = 6,000 2] A A=y 525 3 Ao v]sH,
FAe] Z7tA e 2~300W ATyl GEHAL, IRE MEE & ol /‘}019\'1—% Bt
ofye} oHdEY T AFEHAL & ADdA & 2FCE VEEAE 5T JEHh

A & A7l st AAY fElE LS F WS o]Fo 2 uf XﬂSﬁl IGCel
A =oEHRYd EAle L UEdE AYgE 2 A7t URE RolEtes RE
FTEA BEE 7 e AoAW HARE AMEFH dEY. 1 olf= 19A7E XA
SAES AT, HA7], FeiE, AARARAF 2 2 9 A8 A AdAnE
THAF(BAZEM = B/ et AZhHe obz dejAA] kg = BEFsn F8
g BEAAY g dEix e vy AAE st den, 53 Mad HES A9
ZH ol

A53 IGC7F 71 @A 10de] Ad 7Y FE2AYY 2@ 2AE 3 =5 FAA
AEAZ dFHA HAJh 19083 7l WellA] o]o] #et FA7F EA 2EA H
01 ““9}7401]/4 g8 3904 Andrew Carnegie(1909)= o] Z 7 o]oF7)38l gt}

© SEivel(rE)Y AFAAEY Fa0] AESHA FAREHDL Je Aol vhgol o}

FHEYUY dele TR AZHJD 1FH FFA o] AAdoA viehE =2
I, A7) Fakdls AEFY A Wl @A getks Aol dEAE AL oA EdA
71 o] ojd ZPUrt et fEvEe] HFY 72 dEFAE oA MY F
T3l AFAZA AT LY AAS stoor & w7l HAuE As As 9
yc}”

ol A& u]l= Yalethde] Skinnerx <=7} EpisodeX| ol 23 (1989)3F ‘2141719 A¢

Fa2 TRE WE F 2AS7/?(Resources in the 2Ist century :@ Can
supplies meet needs?)”% A5 HFEo|t}.

Skinner@ =7} A& g who} Zo] A F4e Yol nAFA L EETE AL A
A71%E¢r A&7t g8 AL Hase] gk aHdE B8 Aodx M=
o] Al $8 &S da FTHEI 2AAES FH3D vt olv HE) oI 9F
W ooko] 2 FEAY gAAY AW A% - AHFY FAAYHY = F
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oA AA o= YetE o] BT T AAAFE oFAE EIi Utk FEAU]
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A4 AFE A7 199 BT 1089 FEAACIUARGA EFHE 2vEER
AzF & 5009 BL Austn ok Ao gloje] An|Fe & o BolAq AAH
A9 2u)ell Zhzheh F 1o FAISE whe} o] 117) FFel thdk 1987d % =Rl 19l
o FEauEe no] [73%, dEo] [45E0ln F§FZ L 4580t} Skinner(1989)9]
Axrel eatd = Fatel A 1d 7F AvlEe FEAYY FH( 5009 2)2 ¢
stadol 1 Zhe mitiZ &V)v HAEY F1659 B)Y 3urtEE AL AAIZ,
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Aol Ath a2z FELNEE QA9 ArFstet 4 AL ST Aol &
o7 FEAYo B3 EAE AAIR g olyet W AFH oz Asloor @ Fu
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&g #Aerslod® wlE B 170" o] FUFete] 1A1ZFol¥ 10,200 & MAJTF7F Sbe
t}. o]2e] 9l AE7el Paul Demeny(1984)ol o} & 2,000 o) = A A 71 704

ol B Zeolr, 2100dele 1209 2% Zelzp & vk vk 34 2,100 73
Ed 0 FEAY ane] dety 8 A% AT Ae Aoy
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o
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1L 187dE 2=, dE R U39 F9 197 A 40 (29 Kg).

m @ 3 9 o %
1. A 46 5,160 4,900
2. 2 1,547 2,700 3,770
3. AME 547 653 383
4. A% 2 A% 428 2,260 562
5 4Frw 0.7 18 ' 22
6. 5% 3.4 12 9
7. A% 0.3 | 2 5
8. ot 53 6 6
9. A | 873 2,430 3,100
10. A& 1,023 884 2,600
11. 347k~ 41 416 1,950

% A 45147 14,541 17,307

* 25 (D Skinner(1989) : Resources in the 21st Century : Can Supplies Meet
Needs?, Episodes, v. 12, n. 4, 267-275.
@ EAEEEZEIR(1988) @ SWEMESHR.
@ EFAFAND : TAGH. :
@ HEW992) : BMNEHEE FRAEHRE. o2 RS,
T ARG E, 92-05, 137pD.

o9t 22 GarHA A

HA 1A713re) BE 42 4HE Bas g

1830 ol A 20000 7bA] 1200 dzbe] WSS AHRw ERMe E9ugst F
A% AFUNE AAFL Zrregh. Yutdoz HEYF £ Zyo] EX g
B o 2RE F£& st AL AAEY HES B, o] sz vAF
&-E53 E7179 W3l Bu 03e "WolXm vk o] A% AAue 45g A
& & e Ae TR Ago] o g duxe FFol AUL, EF A
(open-pit) AMZHF N - FASe FAAYR FRA 7]EF87 YUY W&o
=3

o'l AAGAE “ATE FER Ho] glomz FEAY nTHE 2L AR
3 sAgA T, ol o| oujddE Y FE A dE =W X T4 SHRE
o] AT 2Zkm7tA e A7} FoutE 49 x 107 Eof Eo] xd o] gitke AlAte] Yo
7] WEolm, o) A T Avlge) 460% G Bo slgEl: %olth(Sato, 1992). L
EE A9 S22 AAHE PAGUHE RE dMozNEH ECwE 3T
9% Aoz AZEd zey AL 3 B FAAel tkE Aol "o,
=ojo} s10ppme & THT B2 BEY o] o] ejxe] FAYo] A
AL Qe & dn 2o 2ok AEe) AL AYToaA AABS L 37

-56-



SRYB B - SR BHX BN - GHYUNET A
20024 FH BE MEXS Tuf Ko HBY MY

of AArE A mHE Ede AL I AR 22 2FRE dovje A9t 2

(o)
Z o]

300] W 7 AU FEALY AvH|FolE HEOIHE
7re) 8 dgke AAgd gAE 2 12

T oglow 2147 vl E diulsted B4EQd 7 ExEs E Blelth

1971@ %8 v Z9 193 GNP7F 289%olden o7 1903 FEAY &
099 Eolth ¥ 1993 GNP7F 500$ ¢l @& 197495541 $)9 =9 199
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St 2EES - X ASAXEES - st H I ESA
20029 FH S5 AEXS: I Ko wHaEn Mo
2. AA AYRE=T 78 FTE 2 58 AR ~69 Fh BE BFF
FE 78 [9F[R___13F 169 2% 3% 7 % G49
(Mineral Group) G 5 4 3 2 1
I .Base Metal MEX PER |BOL.CHL.IDN.MAL.THA.
(Cu, Pb, Zn, Sn) 4115 - - CHN |USA |AUS,CND (BRZ,RUSPOLS.Af
I .Light Metal BRZ.CHN |CND.JPN.NKOR,GER
(Al, Mg, Ti) 3113 ~ - - _ USA,AUS |[GRC.TRK.UK,FRA
RUS
. Steellndustry AUS | CND| USA CUB.UKR (CHL.GAB.KAZ FIN BOL,
(Fe, Ni, Mn, Cr, Co, 10 | 21 |[CHN S Af (BRZ.CON |PERZAMZIM.NIG
Mo, W, V, Ta, Nb) RUS ) N.CAL.
IV.Atomic Fuel AUS S,Af, CND.NOR.KAZ,UKR
(Th, Be, REE, Zr) 4111 | - - UsSA [IND [BRZ
CHN RUS
V .Electronics CND SPN.RUS.ALG,ITA KYR,
(Hg, Se, Te) 312 - - - USA |PER CHL,ZAM PHI,JPN
VI.Chemical Engineering RUS [|CND BRZ.IND.MOR,JOR,FRA,
(P, K, Ba, Sb, F, B)| 6 | 19 J[USA JCHN | - |5Af |BOL SPN,BLR,GER, THA
MEX KYR,AUS,PER
VI.Precious Metal AUS.RUS
(Au, Ag, Pt, Pd) 41 8 - - - CND |[S.Af UZB.MEX.PER.

* -Based on Ore Reserves of Mineral Commodity Summaries 1998, USGS

-Total 43 Countries of Ranking 1st to 6th Country of the Stocked Ore Reserves

* Abbreviations , ALG=Algeria, AUS=Australia, BLR=Belarus, BOL=Bolivia, BRZ=Brazil, CHL=Chile,
CHN=China, CND=Canada, CON=Congo, CUB=Cuba, FIN=Finland, FRA=France, GAB=Gabon, GER=Germany,
GRC=Greece, IDN=Indonesia, IND=India, ITA=Italy, JPN=Japan, JOR=Jordan, KAZ=Kazakstan,
KYR=Kyrgystan, MAL=Malaysia, MEX=Mexico, MOR=Morocco, NIG=Nigeria, NCAL=New Caledonia,
NOR=Norway, NKOR=North Korea, PER=Peru, PHI=Philippine, POL=Poland, RUS=Russia, S.Af=South
Africa, SPN=Spain, THA=Thailand, TRK=Turkey, U.K.=United Kingdom, UKR=Ukraine, USA=America,
UZB=Uzbekistan, ZAM=Zambia, ZIM=Zimbabwe.

X 3 AA F2 25FE A 10948 57 d3
A 3% (Iron) | =3 (Copper) Z(Gold) =243 (Tin)
&9 =be Aw % k9 Sk Ay % &9 Sk WY % (&9 AW A3 F %
(10°M/T) 10°™M/T) (M/T) 10°M/T)

1¥ Russia 34,300 205 | I* Chile 88 275 | 1" S.Africa 18500 41.1 | 1* China 2100 27.3
2" China 25000 150 § 2@ USA. 45 141 || 2™ USA. 5600 124 § 2™ Brazil 1,200 156
3 Ukraine 21,800 131 | 3™ Poland 20 6.3 | 3 Australia 4,000 89 3 Malaysia 1,200 156
4" Australia 18000 108 || 4" Russia 20 63 | 4" Russia 3000 67 | 4" Thailand 940 122
5" USA. 16000 96 | 5" China 18 56 || 5" Uzbekstan 2000 4.4 || 5" Indonesia 750 97
6" Canada 12,000 7.2 || 6™ Mexico 15 47| 6" Canada 1500 33 || 6™ Bolivia 450 58

7" Brazit 11,000 66 | 7" Kazakstan 14 45 || 7" Brazil 800 1.8 | 7™ Peru 300 39
8" Kazkstan 7,600 46 | 8" Zambia 12 38| 8" China - - || 8" Russia 300 39
9" India 5400 32 | 9" Indonesia 11 34 | 9" - - - | 9" Australia 210 27
10" S.Africa 4,000 24 110" Congo 10 310" - - - [10™ Portugal 70 09
(& A [(155,300)(93.0) (256) (80.0) (35,700) (79.3) (7,500) (97.4)
7] &k 11700 7.0 64 20.0 9300 207 200 26
£ A | 167,000 1000 320 100.0 45,000 100.0 7700 1000

x Data: Based on Ore Reserves of Mineral Commodity Summaries 1998, USGS.
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21M7] =A@ ot 22l &H

A
IR

E o4 AA Fo ouFEHEY g3Y 1099 2 4%

&2 1] F (Bauxite)* Potash(K20)* 1334 (Phosphate)**

#9 =7 WgE % (&9 AW oa3F % e =AY 943F %
(10°M/T) (10°M/T) (10°M/T)

1% Australia 7900 282 1* Canada 4400 524 1% Morocco 21,000 636
2" Guinea 5900 211 | 2™ Russia 1,800 214 2™ US.A. 4,400 133
3 Brazil 2000 104 | 3 Belarus 800 95 3 S.Africa 2500 7.6
4™  China 2,000 7.1 4™ Germany 720 86 4™ Russia 1,000 3.0
5" Jamaica 2,000 7.1 5" China 320 38 5™ Jordan 5710 17
6" India 1,200 43 | 6" USA. 70 0.8 6" Brazil 370 1.1
7" Guyana 900 32 | 7" Brazil 50 06 7™ Tunisia 270 08
8" Suriname 600 2.1 8" Israel 42 05 8" China 210 06
9" Venezuela 350 1.3 9™ Jordan 42 0.5 9™ Israel 180 05
10™ Russia 200 0.7  [10™ Ukraine 25 03 10" Sengal 160 05
(2= A (23560) (84.1) (8,289) (98.7) (30,340) (91.9)
7] & 4440 159 710 13 2660 81
= A 28000 100.0 8400  100.0 33,000 100.0

* Data: Based on Ore Reserves(*) and/or Ore Reserve Bases(**) of Mineral Commodity Summaries
1998, USGS.

5 AlA F8 JdUAAYEY wiAEF 1097 27 3

A - (Petroleum)* ﬁﬁ7g.§s()ljatural A gF(Coal)** E & (Thorium)***
9 Sy R % e w4 BT % €9 A% 43T % (€A =AY AT %
(10°bbl) (10° £6%) (10°M/T) (10°M/T)

1 Saudi Ar 259200 252 1% Russia 1,700,000 322 | 1™ USA 246643 251 || 1™ Australia 300 250
2™ Kuwait 94000 9.1 | 2™ Iran 812300 154 2™ Russia 157,010 16.0 | 2" India 290 24.2
3 Abu Dhabi 92200 9.0 | 3 Qatar 393830 75( 3 China 114500 116 | 3° Norway 170 142
4™ Iran 89,700 87| 4™ Saudi Ar 213300 4.0 || 4™ Australia 90,400 9.2 | 4" USA 160 13.3
5% Venezuela 76862 75| 5" Abu Dhabi 196,100 37| 5" India 74,733 76| 5" Canada 100 83
6™ Russia 48573 47 || 6™ USA 167,406 32 | 6" Germany 67,300 68| 6™ S.Africa 35 29
7" Libya 29500 29 || 7" Algeria 159700 30| 7" S.Africa 55333 56 | 7" Brazil 16 13
8" Mexico 28260 28| 8" Venezuela 146800 2.8 | 8" Taiwan 34000 35| 8" Malaysia 45 04
9™ China 24000 23] 9" Nigeria 124000 24| 9" Serbia 16472 17 9" - - -
10™ Nigeria 22599 2.2 |10" Iraq 109800 2.1 10" Poland 14309 1510" - - -
(= A) | (76479) (74.4) (4,023,236)(76.2) (870,700) (88.5) (1,0755)(89.6)
7] & 263663 256 1255248 23.8 113511 115 124500 10.4
% A | 1,028457 100.0 5,278,484 100.0] 984211 100.0 1,200,000 100.0

* Data: * ; Qil & Gas _]oumal(ZOOl) w% 5 WEC(1998), *** ; Mineral Commodity Summaries 1998,
USGS
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A% E7] Wi JAHCEZE A vsd 285 FAGH FolgA Hu. o= &
E A7 A gEel e Agola, BEREY A wiEZel W vt % of =2
& A8 s

Yol M A FEAYF vlavAbolEE 947d 78 sbEske, 100 o]
SEH, BRIIROE, 134 IUE HAA F 7N FFoli,
50 o)A MM bE BES YA A% U 5 3 FFoluh el 7 A g
= 50 minke] AT HE Ho Fi1

ok AA FEAA] i At #BAE B2¥W giFEe] FFo]l 10~1009 9
Aok e = A x 10~100). 33, R/PX 2 Fol

o

Wzo] &dtm 9es & 4
Z oled(Zn)e A2 Sof B A5, 1987 oshd AR 2088 FAo
2 sto] WEstm ok FAc we) AAEL AEI Holo]T RPAs 2 wsE
Bolx ¢kt Ao FZd Favl ok olef 2 AME Aag BB o o)y
0% ZHoz FFL FR& % ofnldE Aol

gy AgEAbE @717 Yol o] FoiXE Aol olum, mE stHol HAFES
§ABHA R Aol HABEE FoEol, 1 Fo] Ao Fee uNA @

, TIME —»
a9 2. ARZAAM e FAI FE A FY R FE AR

(Hewett, 1929; Skinner, 1977)

_63-



21M7 BERUD Salol B
ELIES

%6 AA F2 FEALY A Jbeds1997d 71E)

Mineral World Total World Annual Workable
Commodities Ore Reserves(M/T) | Production(M/T) (Year)

Ag (Silver) 280,000 15300 |  18< (20)*
Sb (Antimony) 2,400,000 124,000 | 19< (90)*
Au (Gold) 45,000 2,300 [ 20< (35)*
Pb (Lead) 65,000 x 10° 2900 x 10° | 22< (26)%
Zn (Zinc) 190,000 x 10° 7,800 x 10° | 24< (25)
S (Sulfur) 1,400,000 x 10° 54,000 x 10* | 26 >(22)*
Cu (Copper) 320,000 x 10° 11,300 x 10° | 28< (41)+
Ta (Tantalum) 14,000 | 395 35
Ni (Nickel) 40,000,000 1,080,000 37< (76)x
Ba (Barite) 170,000 x 10° 4600 x 10° | 37<(185)%
Mo (Molybdenum) 5,500,000 131,000 | 42< (56)*
W (Tungsten) 2,100,000 32,000 | 66< (70)
CaF, (Fluorspar) 371,000 x 10° 4110 x 10°]  90< (96)*
Mn (Manganese) 680,000 x 10° 7500 x 10°]  91<(114)*
Co (Cobalt) 4,000,000 27,000 | 148<(150)%
Fe (Iron) 167,000,000 x 10° 1,030,000 x 10°| 162>(101)*
P (Phosphate) - 33,000,000 x 10° 136,000 x 10° | 243> (98)*
Bauxite 28,000,000 x 10° 115,000 x 10° | 244>(238)%
Cr (Chromium) 3,600,000 x 10° 12,000 x 10 | 300<(376)*
K20 (Potash) 8,400,000 x 10° | 23500 x 10° | 358>(346)
Mg (Magnesium) VZ,SOO,OOO x 10° : 2,640 x 10° | - 947> (467)*

* Data : Mineral Commodity Summaries 1998, USGS.
(77)* : Workable year in 1985.

F9B ANARA Hewett1929)E FNAe] BRI GAlsh NAARE 272
sl 29 28 AAske] P4 BE BEAL H43G1, 7)ol Skinner(1989)7}
F7hsted 2@ RY @ otk TPelH BE whsh Zo MA B FolA R
@] el £2FHAL B stk T L YR 5 ANAFE FaFAel g
o F5REANY FERFE LWL oby FAEAC o, e M
aFAel, AR ASE FUFo] FAF Fdsn Y= Ae & 7 Aok B
o 4HE aYel 2wl @ Blojth
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a9 3. v oA Yell A3t Darmstadter(1986)2] <A
SOLFUS(Solar and fusion) has yet to be achieved.

d 32 AA oluR] Al A e ool thE vldE Darmstadter(1986)7F
o AAA zigoln) AR Mede 2 o] &9 FAHS A HAF A
o] A dA ol & WellA HAH BitFow, At} dAdgE o}
o om trieE vi#de obAL nEele SOLFUS (solar and
fusion energy?)7} 7fErElojof & o] ety

Skinner(1989)= o}z W &Al FEXAS AE7HY = oA F7Hg R dohd,

A $ert o) &t glE dMABE 2147 EdlE FEY AoR 42
1= S A=) e A= S = = e
ol

J

s

L4

BAANA 2147] T HAAUAL o7 A TR ZFH

()

%
L

2 5 e A" e B AL AE At
19889 % 19 7ol x| Aol A anE oyx EZL 4 x 109 E(oule) oIt o
1{3

X
sulare e W dot oluA @3 g

s AT AT 109 193 Ay 22 B 3]
= oodoln, AR E BAY ASE AT 199 1437 120 (barre) & AHEFHAS B
of et ol Folrh ofsh gol AFgAM A AR Az Aulshe oA ¥
e 9Hd golth

a9 40l 1860 Ol R E 198567 A] A e iyl Fo2 HYse Co2e 4
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