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CcCC HS The

Harmonized Commodity Description and Coding System

“‘bads”

i Standard commodity classification for Japan, 1990
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. BEE A& e . ) RE

11 0622012 a# bk granite Si0,.Al,04.K,0.Na,0 aM 1000 30

121 0622012 | FH# RIA andesite

122 0622012 a ZRAE baslt

13 0622012 | HRIRA Tuff

14 0622012 | FE# RER marble CaSO0, BEAH 80 80
EiR.

151 0622012 | &#t AR slate Si0,.Al,0,MgO 10 50
S EAE3

152 0622012 | &%t =k shale

153 0622012 | &%t wE sand stone

154 0622012 | B# BE Mud stone

1611 06220111 | Bb-EbF o sand

1612 06220111 | &b-FbF | gravel 350000 1.5

1613 = cobble stone

162 06220211 - = 5 gravel stone 400000 1.2

193 0622012 | BE#H AEHEEE | liparite




. EEE EEE s ) ) ERE & KRR
a—k | ST == BRE %E EZ 2 Rk -
05— o+ 1R R kt M/keg
JL EE &
2111 R sulpher S ;3 A==R 1300 330
ERGEH
SRBER.
221 ®HA fluorspar CaF, 567 15
TIVSEEE
231 0629099303 | 2%h R graphite o} REME 90 100
R,
24 E gypsum CaS0,.2H,0 3000 5
AV EE
white silica FEIK,
25 06210191 ¥R =R Sio, 18000 1
stone LVX HSR
wRASR.
261 06210192 HER =337 silica sand Si0, M £ L \Rp 6500 5
HIRY— )L
AN, B
27 0621011 BRA BRA limestone CaCO, . ALY 200000 1
N
T3, 8.
281 06210193 =RE ERE dolomite CaCO,.MgCO, it K. 4000 1.2
BIR. AR
#I3IHR,
282 Tiay zircon sand | Zr0,.SiO, 80 50
SRUD. WA
FIR—F+H A |bauxite Al,0,.nH,0 AlLALO, 4
FHA L limenite TiO,(FeO) AL Ti 700 15
ZhO2F L HOE, B
satin spar SrSO, 70 30
fhA TSHUE
EXE. EfH.
BRER alunite BAI,0,.450,.6H,0(Na,0)
s, B
HSREEH.
fitt 4 arsenopyrite | FeAsS 04 480
EERL B




B
. EER EER . ) ERFE | EERE
a—K R 3 BB AN &
! e BB &iR4 HEE EXo%,) A& 18 1t Mk
ZHFR. BN
32 06210194 HWHE WA pyrophyllite  [Al,0,.4Si0,.H,0 1000 20
FeRiEs. 21
FaRes .
33 06210195 [P HA¥ELE  [fire clay Al,0,.2Si0,.2H,0 700 15
it MR EL
ifit K.
B&EFM.
341 FEL0 magnesite MgCO, 300 8
RHBEREH]
IKEERA L
35 R—FH A |bauxite Al,0,.nH,0 ALALO, 4
E53 R A=
361 H0LGSE |chromite Fe0.Cr,0, 800 15
it 49
37 06220112 Bis s e olivine (MgFe),Si0, TR SRR 5000 1
3911 YT F AL |silimanite
FaRas .
3912 hA4XF Ak |kyanite Al,0,+2Si0, 250 40
ifit K AREL
3913 T 8219 Ak |andalusite
SECES spinel MgO.Al,O, [P 20 40
R e | mex | s NN mp | EPRE | @
. +F HE = 7 - Wk | Fl/ke
25IUR,
41 0621019601 | &HA &R feldspar K,0.Al,0,.6Si0, 1000 12
Fartias. AR
pottery
44 06210197 Mma Mma Si0,.Al,0,.Fe,0, PaRLSE 240 7
stone
ayo9—Ib.
451 ERA wollastonite | CaSiO, 50
B EIR AR
EXREH.
46 Yoy Lk | petalite Li,0.Al,0,.8Si0, TR 5 30
T B
FaRas.
47 06210198 aF M hAyr kaolin Al,0,.2Si0,.2H,0 SI—T 1000 13
HS R




. EER EER . X ERNFE | fEiRE
a—F . p E: 7 &
o5 oK 1ER RiRE * ERA R AR kt M/ke
phosphate BE
51 o) Ca;P,0; 1500 10
rock IR
B4, BEF.
52 Lzt d = serpentite MgO.Sio, 6000
BB, SR,
53 FUBE caliche NaNO, 37
f[e=25
54 WA nitrate
potash B, KEE,
55 HYsk K,O 1000
mineral BERT &
f_i I I - N ap | ENRE | @t
05- oK EH ’ = 7 = Wikt | F/ke
601 0629099301 | H## AR Asbestos 3Mg0.2Si0,.2H,0 FopCE ) 300 10
BUARIER . AR

602 0629099302 |BH BR Talc 3Mg0.4Si0,.H,0 500 8
[ N

603 =5 Mica K(MgFe)(AlFe)Si,0 (OHF), | EX %A 2 1000
BB, B

604 0629099203 |IEFEL BHEL Diatomite 250 20
itk -RiE. BE
.

Rk
605 0629099202 ARYkFA+ |Bentonite B EEREREH 500 11
FAk

RLyk#t
BBk
LN

606 0629099204 |#EER BER Sericite 12 150
B
R — LA
FEELIC HEH .

6071 K Quartz Sio, 2 500
HRT

608 Vi) 23 Calcite CaCO, SR 500

611 BRA tourmaline




6121

#B5

vermiculite

MgO.Si0,.Al,04

BEH.
[EECER

RE-BEM

40

100

6131

Perlite

Si0,,Al,04(Na,0,K,0)

IR R,

BEE. EREA

BEHMI&

80

100

614

g8

Pumice

BEEM.

Jovy

500

6151

RIS

Pozzuolan

0629099205

#Ha

BE

Zeolite

(Ca,Na, K,)AI,Si,0,5.6H,0

i N EN
K, £,

BEXYUT

90

25

wWaIL—

pyrophyllite

Al,0,.4Si0,.H,0

SURIER
iEEES N

B ADAGE

350

30

AR S0

Attapulgite

Si;0,0Mg,(OH),(OH,),4H,0

WEHl.

Eap b
B amiRmE
BIHER.

et BEH

0.8

ZIPAVASE(S

cristobalite

Sio,

KHASR.
BE2EH.

55 1

10




?Eﬁ =]
Tl EEx EEk ) . ~ . EREE | it
a—k I - §-E % ERH A
o5 oK EE FRAE kt M /ke
71 HwEE garnet 3(Fe0,Ca0).Al,0,.3Si0, | 4. BHEE 8 20
72 #ME corundum Al,O, EE 80 100
73 IA)— emery
74 FYFRY— | tripoli
75 HA4¥EVE | diamond c 0 0.013| 1000000
76 HDS agate
77 IR amber
BEEm cleanser Si0,(Al,04.Fe,0,) BB, L — 40 40
PR mem | mem | o | Lo s ne | EWRE | @
o5 oK HE = 7 Mgkt | F/ke
AR,
81 #t clay Al,0,.5i0,H,0 0.3 2
TE R
& H.
82 0629099201 BiEat acid clay AIHEE A, 90 15
B &AM
83 ®ER clorite
PR mem | mem | o | Lo s np | ENEE | @
05 o HE = 7 Mgkt | F/ke
911 06290991 ERE |ERE barite BaSO, BEFEF. 100 8
HIEREH
912 KSEB cryolite 3NaF.AIF 7ILSHIR 800 150
HIX, IRz,
93 W borax H,BO, 90 120
BETHR
HIX, %Hl.
94 wE soda NaCOj,.nH,0 ; 1000 40
951 BiE rock salt
952 XAE solar salt
BiEE=L.
953 hAK ERFREK =N 8
NAYUEBK

11
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==
2E BiE4 ELOERY) AR ERRE | fif ) 2R
t/y ¥/g &
FrEk8kFe,0,.
F A E 80,000,000 | 0.03 v
e F3 BASASEFe,0, BEME i
A &8k RS, BTG, Ho= 370 | 1000 | Bt
u z3) =] . 2
SRR =R
R— ~
Al R—FH Ak oA B2eE 1,800,000 | 02| 1825
AI(OH),.nH,0
Cu ECE #ASLCuFeS, B, A2 1,500,000 | 0.22 | &t
=4 JLEL NIS. N
Ni =i Lk H—=T54k E'mtnﬁ“ 211000 | 13| 1751
J—KIL—L
(EERE—v7 VL)
Pd B& &Sk EEN=EA iR KRB B 70 | 2500 1803
Pl '/\” M S .
Mo EYITFU8 FKSREEMoS, B, il &2 26,000 6| 1782
FHERHPbMoO,
Pt EEA=E EEN=ES ik, AR 60 | 2000 | 1748
YT R
Li Yo Lfik Jf, = Eith 10,000 10| 1817
KLi,Si,AlO,,(OH),
PIFE &R Ek ZnS
z Rk HoE . AE 650,000 | 0.13
" (8B4 >% i
1EER AL, S. BAKER.
Ag R 81 PO SR PE 1 RIS, R 3,500 18 |
kit ks
mAYARES
Nb —*T8h —= A& . aVTUY 4,800 9 1801
(Fe,Mn)(Ta,Nb),0;
K LRI,
Si Sa fix HEAR.EMN. AR FRE AR 200,000 | 0.2 1824
[KEHCaWO,.
w B AT ke HUER TJ45AVR IE 6,500 5| 1783
(FeMn)WO,
A ILAF AR FeTiO;, EREE. MER.
Ti FH 8 20,000 | 1.4 1791
' d LLFILTIO, BA L. fihig
aavNAk E&.avTUHY—,
T Iz 3% 20 o| 1801
: S (FeMn)X(TalNb),0, KIEEit: 3201 804 18
75§84 PbS
Pb a8 BT, (FAF 250,000 | 0.08 Y
(T ARERL) = aft
Rh EEA=T0 EEN=EA BExt 2 | 8700 1803
Ce FLTESEN EFHAE fES . ERE 5,000 3| 1839
Ga D Ll N RE FEK ATFAN\— 116 70 1875
T2 HEEMNO,,
Mn T Kbk ﬁf 7 s./ﬁ S HEH. &% 66000 | 01| 1774
EYUHUHEMNCO,
Nd FLrESEN EFHAE MR 1,645 4| 1885

13




ko< Ak

Mg E&ESAVEN |3 CaCO0,MgCO,. g2&% 30,000 | 02| 1808
<5 A MeCO,
Be AYY5 Lk Rl e 50 | 100 | 1797
Be,AlLSi;0,q IC A&&.aRV4%
. ismPAYI AN ik, €. Eit,
Co /8L 1,100 4| 1735
(CoFe)AsS WM
Zr a=ry Afli <)Larzrsio, mw% 600 7 1789
)—KIL—L
FRAt Sk Ik
As e 3N FeAsS, 3B HAsS, HBR, FERA 52 | 80 | mhtt
#FAs,S,
Ca ARE AK#ECaCO, b2 TEFEH 285 13| 1808
In A2 Laflix z:igf# KRBT, KI5E 85| 40| 1863
y — EFRXE ﬁ#m oY —, a0l 85| 1704
(Ce,LaY,Th)PO, Eith
Cr o0 LSk -0 L $iFeCr,0, &, 0HF, 2000 | 15| 1798
aRY3
. . HI7AIN—,
Ge FIT=r) Lfkx | EEnfikEeE KBEh. PET & 30| 100| 1886
\ NFT LSk ZREM 5000 | 05| 1830
RS 8kU0,.
u 258k IR 52 8k [RF 8R4 1,000 2| 1789
Ca(U0,),(PO,),nH,0
Sr R FY LGl REASSO,. BB 67| 20| 1808
ARAVF T SICO,
La FTEEREM EFHAh LTI FEMK 650 2| 1839
HEE R H1BI,S, .
Bi Hindk PIEESnEibELE. Hondl | ERES. A% 550 2 | thitt
FE
Sm FLESEN BiTEA 200 5| 1880
Eu FrEERI ALK 15| 60| 1901
Cd ARE Lfli* B SR Sk pE Bith 2200 | 025 | 1817
Te F UL Sk zzﬁii SRALMEFE. KT A4RY 50| 10| 1783
Cs ) Lfix )7 ERREE 5EXE 42| 10| 1860
# B Sn0,.
Sn SR80 FEERECu,FeSnS,. [FATZ, HoE 650 | 06 | mft
ey
Se L fh* SR Pl gfﬁﬁ i 600 | 05| 1818
IR
Sb TFE S FEZ L SbS EFEE 800 | 0.16 | it

14




Re L=r) Lflx* 1] 100 | 1925
. BMENORE,
Hf INT =) Lk LUk [p—— 2| 20| 1923
iR (a7

Heg K &R ik R® HeS E— 25 1| &R

Os B&=EM EE3=EH BEE 2900 | 1804
Ir B&Ek BRE® 1750 | 1804
Ru B&EM AEEM. HEE 550 | 1844
Th FTEEREM HAK, R AT) 80 | 1843
Er FTELRM 20 | 1843

N REHSR,

Gd FLrESEM il M%) X SRR 18| 1880
Dy FLESEN KR AE)—. WA 12| 1886
Yb FrEERI /54 L 10| 1879
Sc FLESEM AR INGARSZUT 4| 1879
Pr FTEEREM ERE 3| 1885
Th kU Lk EFHAE (s 1829
Rb JVE o) Liflix 1)o7 ERREE o908 1861
Tl 1861
Ho FLESEM /34 L AFIVR 1879
Tm FrEERI /4L, AR 1879
Po 1898
Ra S0 Lafi* E&A 1898
Ac 1899
Lu 1907
Pa 1917

15




(Ib)

453.6g

(0z)

28.35g

1/16 1b

(TOZ)

31.1035¢g

907.18kg

20001b  (

1016kg

22401b  (

)

1000kg

200mg

34.5kg

16




11

111

ERIEME

AEMILE | ERLE
7 2357ky
7 3497+y
3 1487+

1998
AR E
b WY v A {RAREE D & L EHEBEX
(FARTRETAH L =)
33.5595Lt 1707k 43. 595Lt |74k
112. 5954/t (279AL> 84. 395L./t |2353ky
0. 4% 1685LY 0. 3% 5113k

17



£:0. 8% £4:0. 6% #M:11B9Fkb
£n- SR AL 4 24427k 1919/kY
6. 1% HEn:4. 8% FEY:91Ak
E5 30 5 31A5FkY 47. 4% 22F6F kv 42. 3% 9/ 6Fkr
Ek 4 4F6Fhkr 1. 4% 2hH6Fk> 2. 3% 585k>
EBEYVUAVEE |9 65H/9FFr> |16. 6% 44/F2F b 15. 3% 658F+y
0 LSS 4 14/55FL> |32. 9% 17HkY 19. 9% 3F4F~
BUGRTUHE |4 23A3FFr 1.61% 22F/7Fky 1.32% 3Fhr
ENIIE

JB/ &l (Aw) 1915 1973

EDREAIT] (Au,Ag,Cu,Pb,Zn) 1907

SRR (Coal) 1990

EBAREB->A)8hL (Pb,Zn) 1978

TE R SR LU (Au,Ag,Cu,Zn,Pb) 1994

/NRER L (Ag,Cu,Zn,Pb,Fe) 1990

BEIR#L (Cw) 708 1978

Fal{= kLl (Cu) 1302 1970

ZRMmL (Fe) 1993

BERRN (Coal) 2000

KB (EH®©) Rl (Au) 1905 1971

B (LLEY) skl (Au,Ag) 1898 1942

poib =g I] (Pb,Zn) 900 1997

RS (Au)

FHEERIL (Ag) 1598 1950

aESL (Auw) 1573 1976

EEHLL (Cw) 1610 1973

RiZ& 1L (Au,Ag) 1600 1973

FESErE£WL (Au,Ag)

Bg il (Au,Ag) 1960

BRI (Au,Ag) 1987

THB£W (Au,Ag) 1370 1965

FEXRBEHL (Au,Ag)

EigE (Au,Ag) 1601 1988

FREHELL (Fe,Zn) 1800

F ) A L1 (Ag,Zn,Pb,Fe) 720 2001

B/EfL (Cu,Pb,Zn) 1682 1962

hE gkl (Zn) 1250 1987

Fo o 1L (Cu) 1987

SATSFEL LU (Cw) 1916 1973

FEITERIL (Sn) 1910 1982

FRBHhL (Mn) 1983

18



K& (BH=I2) fhl (W) 1983
ZHRIL (Ag,Cu,Pb,Zn) 1973
BARE S ILL (Ag,Sn,Cu) 1987
A FERIL (Ag,Cw) 1973
REBHL (Au,Ag) 1985
IREEAASELL (Aw) 1974 1984
JE B #hil (Aw) 1911 1920
HAR (7 (E ) fhil (Fe)

Al F#R L (Cu) 1690 1973
R (Ag) 1309 1945
BERx (Coal) 1885 1976
=it (Coal) 1889 1997
A4 (F=LV ) &1 (Au) 1890 1970
EBF(HBUD) fhl (Fe)

BEAREFEIL (Au,Ag)

EREAI| (Au,Ag) 1975

MIPS material input per service

Materials Requirement

Eco-efficiency

TMR

ore-'TMR

TMR

World resource institute

19

Schmidt-Bleek

TMR Total
Resource Productivity

World Resource Institute

TMR

LCA

TMR

Resource Flows



TMR >

>
>
commodity materials
flow
HMF:hidden materials flow HMF
Resource Flow 7 HMF
ancillary flow disturbed flow
LCA
Fig.1
mined minerals
forcoal .
coal
A fuel & fuel, water & PRI
fuel & Othet others
others
fuel, water | <&
&wi« & others
over Fig.1 Concept of “TMR: Total Materials Requirement” and the scope of this work (gray boxes)
Thick-flamed boxes are the "direct input materials" for steel. Boxes flamed with broken line are the
burden "hidden flows". Other boxes are "indirect input materials". The target of this work is the gray boxes.

20



gangue mineral

TMR

Table 1. ore-TMR and its global amount of each metals

Ore-'TMR Tundamental data ore” MR Tundamental data
ore" TMR? annual world annual | crude ore | concentration ore"TMR?. annual world annual | crude ore | concentration
[t/metal-t] | oreTMR | production® | quality® | inthe crust® [t/metalt] | oreTMR | production® | quality® | inthe crust®
in the world [yl [ (ppm] inthe world [try] d [ppm]
[Mt/y] [Mi/y]

Au | 1,800,000.0 4,401.0 2,445.00 | 0.00011" 0.003 L 1,400.0 182 13,000.00 0.14 13
Cu| 300.0 3,870.0| 12,900,000.00 0.84b 75 To 300000 172 574.009 0.6
Fe 5.1 2,912.1 | 571,000,000.00 950 70700 | | Gd 100000 164] 1640009 3.3
Ag | 160,000.0 2,864.0 160,000.00 | 0.0013P 008| |Ru | 800,0000 160 1999 | 0.00025P 0.001
U 11,0000 1007.8 45,807.00° 091| [si 45 15.3| 8,400,000.00 4 267700
Bi 1500000 491.4 17,900.00 0.0€ Sn 43.0 86 200,000.00 4,650 2.5
n| 43.0 3440|  8000,000.00 550 0| [z 540.0 77| 1425000 0.37 100
Pd | 1,800,000.0 3186 177.00 | 0.00011P 0001| |E | 24000000 76 3189 | 0.0000841 0.0001
Pb 95.0 2831 2,980,000.00 1.33P X0) Y 27000 6.5 2,400.00 20
Pt | 1,400,000.0 249.2 17800 | 0.00014P 0005| | T 12,000.0 62 51300 | 0O17P 1.0
N 200.0 2460  1,230,000.00 1,020 105| [Dy 90000 59 656,002 3.7
Al 100 239.0] 23,900,000.00 84100 Mo 20.0 5.7] 284,000.00 10 32000
Mo 2,000.0 224.0 112,000.00 01b 10| [w 170.0 54|  31,500.00 190 1
Sr 5000 149.3 304,000.00 260 | [Lu 45,0000 5.2 114.80¢ 0.3
Cr 89 121.4| 13,700,000.00 23h 185| | Br 9400 49 520.00 0.31
Ce 20000 70.3 35,014.00 2 33| |Hg 2,000.0 36 1,800.00 0.1 0.08
\ 1,500.0 63.0 42,000.00 0.14 230 Er 120000 3.0 246,009 2.2
Rh | 2,600,000.0 62.3 23.96" | 0.000078Y 0.001 Tim 400000 2.7 65.609 0.32
Mn 80 59.6 7,450,000.00 o5h 1400 Ho 250000 2.5 98,409 0.78
La 20000 585 18,860.09 1€ Eu 200000 16 82.009 11
In | 2000000 44.0 220.00 0.001 005| [Se 1,000.0 14 1,400.00 0.2P) 0.05
Nd 30000 25.1 13,940,009 16| |Hr 100000 12 12350 3.0
Cd 2,000.0 38.6 19,300.00 0.1 0.1 As 29.0 1.2 40,000.00 6.9 1.8
Te 270000.0 33.8 125.00 0.02 Re 20,000.0 0.9 43.00 0.01 0.0005
Nb 1,400.0 33.0 23,600.00 0.14 11 Be 2,400.0 0.9 356.00 0.08 15
Co 870.0 281 32,300.00 0.230 29 Ga 30000 0.7 210.00 180
Pr 80000 151 3)362,00‘3) 3.9 Ge 8,300.0 0.5 5800 0.024 16
S 200.0 24.2 121,000.00 0.99% 02| [ 90000 04 45.00 35
Yb 120000 23.6 1,958,(1)3) 22 T 6.3 0.3 51,000.00 31 5400
Sm 90000 22.1 2,460.009 35| | Os | 2000,000.0 0.1 006?| 0.0001D 0.001
B 4.300.0 184 4.270.00 1C

21




JIS

US Bureau of

Mines

reserve

22



reserve base

= = resources

total mineral resources

= resources +

23



US Bureau of Mines
Web http://home.hiroshima-u.ac.jp/er/Rres R K1.html

*1

*1 US Bureau of Mines and US Geological Survey (1980) Principles of a resource/reserve classification for
minerals. US Geol. Surv., Circ. 831, 5p.

CNFETRUVE., B - R E Y E RO R FIEDL O TERIZA L&, i ERE(EZDE (mineral
resources) 5 1 (CCTIIIRILX—EREZLEOILLET ) ERELNETIDIC, SEODAEEE>TE R, TDIHDH
2E0(&. EXEbI., FLBRINTHERLD, LHALEALIE, ERICRLERTEICEDLh TEHITTIELGLY,

FAUHEMNESHILBERAEREMRTE. TXTOHRNERDELELITOVTDRERE . BB arsDi0H5
WIELG>-BHDE=HDLDNEEHTTRTEDH TV, 1976 FIZ([X, ChoMmEEDBE JVYES 1 F—LN—D0
BLEDE - MAAZEERLT. 7AHEMNEERERRRE 1450-AT7AVHEMEHILE S LURIMERERICKD
I ERDERROERASIELTERL. COHMER(E) P EAREE>TLSIBIT. ShE KYUEREHMICL, HhD
FRINWLEICHIYRIIDESIZTBHICIE ADALIDEREMA D ENDELLE ST, ZIT. TAUAEMERE
RAEMERMLBEORREIL., ATERE 1450-AFHET T 51=OICH T 5T LELoT-,

RHMG AN DOBEENLZEEE., FKRERDRAH ., BETIERITTERVIKICH L TORFNZILEFZ RO
&, BEUEDEMERNSTCHATEDLDHOMNIDVWTOREBICEIED TR IFNIELESLWL, - THYER
ElEFLOHEFZMMR ., H2-HiT0ES, BF BIAFHOEELLEFEZELT. X T HFBSNETSNGRTAIEL
BERWNEDTHS, COEDEEDERICRLEERHST 2=0121E. BBRMEMEREIIZOEEFX. ROZODDEREAHID
SEINBTRIELESREL,

(1) BADIREETDHLER (material in place) 5 2D fi# i 2 ML LR L2 MAEEMEE — FIZ (L. RbL. ShE. HBE.
Ex.FELE,
(2) 52N =R TEAONRENEHOTTO. BIESIURGEICHELRERICE SRR HEOET,

A& EREFZTOEIIODVTOEELEFERN-BREMNERIVYEY ., F-ARMICE>TTEOERTH->T. #
EOLYEDLYZLBENLERTE. ZOLISN>TETONEIEDTHS,

FTRTOHEMERF AL T—RMISERINSKSIEHESN=CO D EERRBETIRIE., 5 1-2 & (BR) [TRSh TS,
FTOABRLEWAIFIAXFIZELTHD, COHME LV IRIILF—ERELVICZDEDHEEIL. BARMIZABILEELED
THd, TEELIE. CORDADRELLDLDIE. BRAMAGREVWE LEBTLLEICT—BLTLSDITTIEELANSTH
5, CORNERRE. MBIV IRLTF——BHEERFLIEITNSOEDNRRIZOVT,. ERHINIIEFEDHEFIZHL
THRETHDIZEHND,

&R (resource) IZX T AREDEEMANTAONTNSED, HAWIDLELRHBNIETHEZDLD) (. ZOEFEEHINEIC
HEINDLDETEEDTC. BEFLEEARIFRICEEDHE TR TORHMOIEME LUV IRILF—ERICHLTHE
ASh Tkl
FEME R (resource)

WP ELIETORAETIRAERE - REF TN AEMEDEERT. BEFLIXFRZIHSERAMELSRE
MIICERYELEBS LU EEELTHEELTLDIDELS,

RS E IR & (original resource)

HEMMERDEERIFEL T ZEES,
BRI S & IR F1-13F D & (identified resources)

FOME - B RESIVHENEARNAE FMIICE>THONTLSD ., HEWIIRBEONTWS M ERE:
[TZFDE, ZhIZIFERFR (economic) * A #RF A (marginally economic) - #2FR R T (subeconomic) 584D 3 FENEFEN S,
MEZMENSLSDREBREDENIL>T. INLOBEFMEICKDIR DL, SSITHFERl (measured) - BEE (indicated) - F 8l
(inferred) [CHI D S %2,

*2 ([RED) @< DK CHIFEICOVWTOHA L AR OREFNFM-BVEEXRTHEITEHON TLSHERE (proved) -
#£ T (probable) » 28 (possible) O 3 5& (%, #&:RI-HEHI- TR D 3 FBICLEWCBE MR SN TETWS, BB ZZDONEEHARR
DFTIFEDLLEL, EHIMRA978) &N ChOMEE -#E-FROD 3L, FA+HROEET (FER) (CHHL3nTL
%)

demonstrated

measured

indicated
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inferred

18§ 8 R —X (reserve base)

AN EREOD T, RADCEES LUVEEDREICAFEL-. [F-oFYBRESN-MEN - LEMREREEZFTEH
HDEWVS, COMEICIE, RSB -BS-FELGEITODVTOEDAEENS, ChiL, BEELERBYDOELLIBADIK
RETOREEREIRE (in—place demonstrated resource) T#Hh 5, FizCnld, BRI ERED T, BIFAROEMOBREDRE
FRREREICEZDLYBT > ERVEDERICITBRENIZRIDESITHEDITHAIED . HDEI-AIEEHEDEZ 5N D
BAFEFTEETLLTHLL, COBBMEAN—XICIE BEZFNLLMERE (THHOLIERILE. reserve) -EFRAT
NTIhOEYMERE (FTHhHLAEBBILE. marginal reserve) BEU—EBDBRETIEIREFRATOHMERE (TLHHHRE
FERRTHMEIJRE . subeconomic resources) MEFENTULVS, B FRIAIEE L2 (geological reserve) |ELVIEEAY, —
BOANRICE O TIDEBHENA—RARFITHLT—ROICSERASINTERZMN., ChiTF:. FRERLE
T AE BN E R —X (inferred reserve base)

FAEBRMERBYDELLGLIEMLMERD BARDIKAETOE (in—place part of an identified resource) &LV, ZALIZRH
ITEHREROENRBIYIE. ZICHALKDOHMEFAEEICETIMBICEDIVTEY . REEROELFATEDITHNAT
WEWIELH D, CNORBY (. hEZHE R E>TVIIEBILER—RADISFEFB AT, (RESNI-EHEEIZK>TL
60
1B B8 = (reserve)

HEMER—ADH T, TNERO-FA TREMICRBEEZIEEESNBIBDZELI, BEMELVIEE. ILEEE
ENFIIZHH> TR TEDZLICIEBERLAL, ChIXFIATEERIKREZTES O OIS, [ AR LS
(extractable reserves) | &M [BIURA] REIR K S5 & (recoverable reserves) | EMND LI EEBITIRH T CODERFRRIZITEETFN
TULVELY,

HEIR RS = (marginal reserves)

HEMER—ADH T, ENEROF A TRENEENTENEIMDEVBIZHZEDELS, CNOERMEHHI
BELOFELNSIZHS, COPIZIL. BFN-BFTNERIZEZBITIENBNIEEETRELLRYBLISLGEEDHY
BRENEEND,

##3% 89 (economic)

CDEIE. HBIRON-EDEARAETEZRELIZEED T CHED LAFBLROLEELEM DO TLSH ., BIRMIC
SREISNTLED . HAWEBEELENSLITRESNSINLIZEEEEKT S,

HEBATHRYEFKRE(~ <] (subeconomic resources)

B ERED—E T, BBMECAERILEI I TIBRFMRECELLEVEDELD,
BAEXLME R (ZF) (undiscovered resources)

ZTOHFENERENICHEESNTOSEZIT T, MM ERE LR D IR DS, i, BEOEEICELTIE. £
B ERFN-BERRTOREBIHMKICHLTRESNS, F-IhiE, ZOHMEZMENSLEIDEEDEWLIZLLT,
ROZDIZRHBEN D,

hypothetical resources

speculative resources

BELEMER(E) - B I Z (restricted resources/reserves)
HMERE) - EBMECETIRSDEINFTNAOR T, ZOREAEZCRAICE-THIBENTLSED., HIZ L, B
BHMELLTOREHEDSE ., EZE-FHAICI>TOARBEILFIREINTOT, DT R TOEHEIZIEELOTLNEDED,

1. TRTCORAESRRE. ELBEFVLBHRB O P THALREEEZF D>LDIX. CONBEOVWTIAIDEITEHOR
RZHEEIND,

2 ERMEEVSEN AL EHINETFRLEDESEERIBRAELICENETTHEOLATLRIGEIIX, Thik.
FIRICRINTVESSIC. R —RBFNORDERELEEZTELLY,

3. M EREIFTOENDER S DEEIL. FEDHELMNE - IERMMSHICHESITEBMARE BT HLIIZ. HD
BEOHEICHLTOLERLTHELN, FEMBICFLTOIORBDBESN-ESHIT. FEERENDBUFFITH I
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NHODEESNTWNEITNIERSALY,

5. fiERE-EHIHEDRBY N THONSMEEMIIEIE, [E>ZYRESNTUORITNIFESEL,

6. TRTHORBYICIE. BfHFEEEREITRINTUOETNIEESEL,

7. BEMEA—RENSD (&, MIEN - LEMRETRESN IV LHEEDHMERER S THS . COLSIHRNEEZ
MORESFHENIE. RO OEENLGEBEEIL TADICFEITET B-HTHD, Z<LDHFEICE-TIE, RIEY
EITOAZTNENOEKRNZEMNICH>T. EOEZ LN IR - higF- [FERICHLTERE - Rfu - ShiEF = dthDE
LM EREEREBEZDIENTELS, LA T BERETORDICETH L IBLVEVMERMLEN—IDEL
BIX. oD BRCEIZEYVRLENDTHSD, COEBRIL. SR (in-place material) DEZEIF>FTYSE &5&ETE-HDHLD
THOT. INDEDER L. U ECREMICEEASNIBELOREICL>TIE. BEMLLGYFTDILDTHD, b
DRMENROOENIZTNIE, ZRYUDEBILER—ADRBYMEIL. RO IEICRAINDZAHS: T ibhb, BELE - #1E
BHERLUVERYORERATIEMERETHDS. ENBFAOERAYETHED BEMNDOIZIE. COEBBIGLESN—IXDIHR
ENRMIEC LTI TOHNDTEAS,

8. BAEMMERSLUZDEL. RESLVHMEMLENER(B) DEEIH ST DICRAIND, HDHLIE. EHOHE
SHEEERTETHITONTHLL,

9. FHERMELFTIEBMEN—REL. BEELESJVERLEN—IANSDREBHMLZERNTHD, b, HBxT
HIEVWVEETRON MM ERETHS, BERMLE - BEELER—ADNSDERTIILELT, TLAMEZMGHERD
HZE > TRESNI-MEMERE (L. BELYMERELL TR SNAEFTNIEESL,

10. FIZIEBMEBLEL TR TADICETETESL BRLTED, FILFETELLBEFNITTHEINTE, BRIMICEH
SRONE-EDMANEESNDIZELHINBINGE £EEERINETONTHo12Y, F-RMHLRREEEIZE-T
&, thTIEFED LEFBLEVLOETEELZAREICT HESHIGEICIE. LOIIBILDELDIBELH A5 COBDEE
DITHNBEIATIE, ZD KSR D E (quantity of in—place material) HIEFILER—ADRIZEETNDEH5, LHLE
Mo, BB OEOHBEDREDENDIEEL. AHEOES-E - FEEZF OIOBEOMLAE OIS THIERMLEIC
X759 HEmABIE TS,

11, BEELLTRASNIMMEREE. TZORSDITHONI IR CREFEMICEEMREEZLND IO THITNIEE
SN, HIZEAE BEFBEE LIF CEETERVIDOZERMEICR DT HILIETELL, LMALELS, BAEDRME
DT TOMMERER R T IREFNREICELLRWERZEET 5O RUFEMNITOHN., LA ESFS
N LR DETONDLSLTEEEH D, HAEDMAICE-TIE, FLOEMMEHEARITTLSZTDEHT. £
DR BFHEEMEIENTHENILEH S, BB ELLIR A&, SNSABFEDLSHIGEISERAINS, RICTRTOFE
FIE—EOAEEBMECE - TRBENGEENENEGNIL, ChOIFIEBMLEICESEINDS,

12. HFEYITHEREDOBLDEIETZDOMDEHT, INECICERIN-EBHYVERELEROERTILEBENLRE
HENHELEIEEZONLENLDON., BIZEHEINEHNELL, F-Z0EDEELRBEONLIMBHNLGL, LHL, S
FREIEMEREDTICIIALHEL, CNETOR S EIFFNDTZD D E H (other occurrences) 1Y, 5 12 BHIZHA A2
FNTH5,

13. BIRTEH. . BRFRATHEMNERELZTOMDOELRLOBMOBERL. SEMEREDEENSH TRLMEEE (TIFK
AlREE BN DR FHIAE E D AT HEE (current or potential feasibility of economic production) IO = (ZL> TR YIS TLY
%, COBERITASHICTHENTLDIEH, R4 HLE - [ES-IVE (percent extractable) 3 AU EZ DD FEFHIAIBEMEIC
BT HERICDOVTHIER TROOENDEDTHAD,

14. I EROIRIVX—EROEMLIEL. HIZ EEFTRVBREEIEMNSNTNSKIIZ, Bo=-HF-ERAREH-
TWAISEIZIXRFILTEN BN T IERSEL,

15. BEDRBEEZE. ERICKYIMEREPITIEIALLEL, LHL, ENFEITEESNENT DOV TOMBEIE., BIR
MESLVHIKROEZEENHED AT REDLYMERELEZADIDICEETHD. B 1 RBICIE. RBEEELIINTNR
ENTWS, BEDFLITFROREICI>TRBPIZEINDISDESL. TORFNEUIZESILSLGHMERER 5D
FIZRFEINDIRELEDTH D,

16. BEMELIMERELERNTIDICL-TIE. HHEDOILMIIMIEL MO EBENELRIEMELDIAHLZTD
BENERODELDILNHILEMBDDLELH D, CORDOERIE. MEFLIIMEXELTTETYFHHASNTULEITH
FeA =Y AW

17. BFMS LU EZERELSC, AR R RBEGVLBCALEICETSEET. HAMKRDT R TEIEZTD—
BOFALRESNIZYELINFYTEIELNH D, HIRSNDIILEDH>TNIHDIEBHECHMEREIL. Cniic
EONERASPICHRFINBEINIEESLEL, COFIRINE S DELFIRSNIEBERBFLZ SN TUORITAIERSEL,
18. CORFEARICITZ. BERRESNDIULDRLHAIWNIEHAFAREDOMORSELEENTLS, BIESFTIHESIC
&, SNSERAB—HEICEhINnY, FITBIBRINEIELH D,

19. iMERERBYDEBLESHERBIUZNONHESINLFEE, XEESND DRFESNEFRIFHESEL,

Rix
(1) BAETE. iPER-MEREDLIIZ. ERZDILNERHITHBELTNDEEZRDLTIHEALT. ThEThESI-EE
FFESTLSA, EETIEXINSEWLTHE resource ELVD 1 B TREINDIENZ LY, COFHETTH, ARMICIZBAS M
EXRIIEETHYHEMND, amount (quantity) of resource DESIZFNZFARLI-BA T, FF=ThEIEFEIZ, resource
DERBAXHZINE deposit TRZITT, BOMIEDZERLTVWASHMLIELIEDH S, CORXHTIE. TFRENRDBAEDITX
DXEIZH->T. ZDELLNTRELTH D, £, MBEHRELIZIZEELZEL,
BH. ZOME DI mineral resource EEELTHBHETAITTKDL, REAEDIZEIZ resource D 1 FBTIRESN TS A,
RIXTENWT LI ER - M EREDLSICHEMEMATHLV =,
(2) ZDEMEPIZIE material EWVSEEMNLIELIEH TR S, TDIFEAEDZEICIE. ShERB-HMREGELRT LVE. i
R EMERHMELEANXENBYZVEEZLNDID T, Z5LIEBEN B, ELIORXTIE, REVSEEER
MICGKERLT. BICEE-FERB - EARHICHLTOAFELT . AM -BALGEDBEITLIDEEXERTHEEZ D,
Ffz in-place EWVSEMNLIXLIFETES, CHIECDBETHRO—DDEFMLELE->TNS, TOEE. LENLEDHHS
T EINANDEREGIMEENEETENEZALCLOVBERIGEDH DI LEBET DRI LTHAS, fzFZL
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CDIEE, TTICCORELUN DR EAREICERINA TS (FIZIK. Zwartendyke,J.(ed.)(1975); Schanz,J.J.,Jr.(1980)) ,
@) AXHBORIETIE. SNHBRDZDONTNTHAMTHIELEL, =L, COMELEOTNHSThIL. b)THD
ATEEENRENESIZEbLNS,

(a). FEDHER. HI-oKZTDILDODE FKRE).

(b). (@ZFZICLTITONTIZ JIS DERICKDIERBMLEFIAIRMELEICFET L0 (REB)SE),

(4) M EREORFUNELEZTTI NS IEDEEIVTHhE, IMERER S DRENTHNIE A TORENEIED
HERERDLIELDTHS, HE—DDEFMILKICOVTERIE., BHDENIZKY AR FM Ao U MR FRIZA
212Y FB IO TIRBRERA TITHE-12UTBILTH. +RICEBYBDZILTHD ETNIE. WS I FBORS
X, BICTCOHMERER D DITHON R TIEIOEHEIETHS,

B RBERRATES>TH. CONERRDMEER L. TNEFN DB A TIERFEL (non-economica) HENDETND T RTH
BEATEZTWSDOITTEENERTRETHAS,

(5) CMERXXTIL. lreservel TR TMHEFILEIERLTH S,

ECAT BADHERTIL, SEEFHEIZEAT 2 JIS-M-1001 [C&-> T, MEEIMHBLIL, D ICIRETIIMRDEEE
SIEERINTNS, COEEEZXFRYBRT LI, HEHMLCHEEMTHBKRZDLDDEEZTT L5I2HENSB (S
DRXHBTIE. CORBERDOTDITHREENSEZEO>TLD) LML, EROEBRIMEHEICL>TIE., IR &I
EZOND T DR TOHEMM-BEFHISGC- I RALRUOTREZETED. TAEEICMEZHREL. CNEH
BERICEAETIHKNDEEFREL T, TDEZB TS, #-T. ZZTLWSHKEE JIS TOSEBMELORBICITENAD
HD, BT EZHNEET, BB IILENLTETHS,

—H.EEDIreserve DNEIL. CDIREEZD reserve DAERBAICHALHMEKLSIZ, SEERED KGRI E ML=
TIFHLT, SIS DI EMGEREF 12 THD, LA L. D JIS TOSNERMLE I H AW LA FETE &
ABMICERIZ—HT LD THINEIM L. REICITFIELEL,

UEDEBEERMO LT, CCTIREISHRAR &S (X reserve] — BRI E 1 E R IGSETHIEERMLTIEFLL, ]

1R SPERESSFEORE(BBHEER—RABLUFUERBER—RZRC)
Resources of (commodity name) (§ii8 4% ) S & RE
[A part of reserves or any resource category may be restricted from extraction by laws or regulations (see text)]
(BREHBYERER S O—EHGEFRELITRACI>THIBOFIREIN S LD HSH (AXSER))
Area g4 : (mine, district, field, state, etc.) Unit Bifii : (tons, barrels, etc.)
B ERE BEILMERE
AREER Identified resources Undiscovered resources
Nl R HEABLEDRE
Cummulative
i Demonstrated big:| Probability range
production
gl B Inferred RE HIIEM
Measured Indicated Hypothetical Speculative
£ i) EE R FRANERILE
Economic Reserves Inferred reserves
AR AR IR FRAIERLE
Marginally K .
. Marginal reserves Inferred marginal reserves
economic
BERAT HEARARATHYERE FARERATHYERE
Subeconomic Demonstrated subeconomic resources Inferred subeconomic resources
ZTDHMDER FEFE B S UIBIR S 52 D S ER
other occurrences Includes nonconventional and low—grade materials
other occurrences Includes nonconventional and low—grade materials
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100%
90%
80%
70% + He Sn
o + Pb
60% Au Ag X Zn
50%
40% Wi Cu
Mo .
0 - Ni
30% | Be =Tk Li— Sr oM
Co Ti n
20% X Zr *Fe
- V C’
10% ® Pt Nb A
- M
0% Ta | g
0.01 0.1 1 10 100 1000 10000 100000
S A={()
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x% Tx) x% t(x)

T () = [ t(x)dx

= C -exp (- bx)
Cb
x% t(x) x%
m(x)
t(x) = aT (x%x
=C-b-exp(-bx)
m(x) = x-t(x)
=C-b-x-exp(~bx)
m(x) x=1/b
x=1/b
4.3% 0.31%
1/2.786=0.36g/t
Au
1000
®
100 x

U]Iﬂ_{ﬂ 10

=}

e

B 1

i 2 3 z
o1 |
*
y= 295.73—2.78510(
001
i g/t
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Mineral Commodity Summaries
Web Site http://minerals.usgs.gov/minerals/pubs/mcs/
U.S. Department of the Interior U.S. Geological Survey
90

Minerals Yearbook Mineral Industry Surveys quarter

Minerals Handbook 2000-2001
Web Site http://www.mining-journal.com/indexbooks.htm
Mining Journal Books Litd.
52

World Metal Statistics Yearbook
Web Site http://www.world-bureau.com/site.html
World Bureau of Metal Statistics WBMS

Who owns who in Mining 2001
Web Site http://[www.rmg.se
Raw Materials Group Stockholm / Roskill Information Services. Ltd.
22
2001
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Roskill Metals and Minerals Reports
Web Site http://www.roskill.com/
Roskill Consulting Group

62

reserves/resources Antimony,

Tantalum

Mineral Commodity Summaries

USGS Roskill Raw Materials Data

Abrasives, Manufactured o

Activated Carbon o

Aluminum o

Antimony

Arsenic

Asbestos

Barite

Bauxite and Alumina

Bentonite o

Beryllium

Bismuth

Boron

Bromine

Cadmium

Calcium; see 2 reports under
written

Cement o

Cesium

Chromium

Clays

Cobalt o

Columbium(Niobium)

Copper o

Diamond, Industrial o

Diatomite

Feldspar o

Fluospar

Gallium o

35



Garnet, Industrial

Gemstones

Germanium

Gold

Graphite, Natural

Ground Calcium Carbonate

Gypsum

Gypsum & Anhydrite

(Hafnium)

Helium

Ilmenite

Indium

Todine

Iron Ore

Iron and Steel

Iron and Steel Scrap

0

Iron and Steel Slag

0

Kaolin

Kyanite and Related Minerals

Lead

Lime

Lithium

Magnesium, Compounda &
Metal

Manganese

Manufactured Abrasives

Mercury

Mica

Molybdenum

Nickel

Niobium (See Columbium)

Nitrogen (Fixed), Ammonia

Olivine

Peat

Perlite

Petroleum Coke

Phosphate Rock

Platinum-Group Metals

Potash

Precipitated Calcium
Carbonate

Pumice and Pumicite

Quartz Crystal, Industrial

Rare Earths

Rhenium

Rubidium

Rutile

Salt

Sand and Gravel, Construction

Sand and Gravel, Industrial

0

Scandium

Selenium

Silicon

including Ferrosilicon

Silver

Soda Ash

Sodium Sulphate

Stone, Crushed

Stone, Dimension

Strontium

Sulfur

Talc and Pyrophyllite

Tantalum

Tellurium

Thallium

Thorium
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Tin
Titanium and Titanium Dioxide o
Tungsten
Uranium o
Vanadium o
Vermiculite
Wollastonite o
Yttrium
Zeolites
Zinc o
Zirconium including Hafnium
o
USGS Mineral
Commodity Summaries
Mineral Commodity Summaries  Web
resources
ton 100 1000
2002
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Sb

TUFEY 1285
30.0 20
IR 118
o 250 | 1 16
ﬂg 114 s
200 | EE
# | 12 =z = s
'P%E 150 | 110 f% TREH
ot 18 ¥
m 100 16
= 14
S 50
i 12
0.0 0
1996 1997 1998 1999 2000 2001 2002
I
Antimony
Year production Reserves Reserve base Resources
(t) (t) (t) (t)
1995 103,000
1996 126,000 NA NA 5,100,000
1997 149,000 2,400,000 3,600,000
1998 140,000 2,100,000 3,200,000
1999 122,000 2,100,000 3,200,000
2000 118,000 2,100,000 3,200,000
2001 151,000 2,100,000 3,200,000
2002 141,000 1,800,000 3,900,000
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Arsenic
Year Production Reserves Reserve base Resources
(t) (t)
1995 41,000 20-30 times
1996 42,000
1997 41,000
1998 40,800 11,000,000
1999 38,800 11,000,000
2000 33,900 11,000,000
2001 35,500
2002 35,000
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Al

R—FY A+ 1565
3.0 250
S L _
E'E 25 /:\“\ 1 200
ml% 2.0
P 1150 = G
B s i == sne
N g —e—fitAEH
uj_ 4100
= 10
e
#n
AT 1 50
e 05
m
0.0 0
1996 1997 1998 1999 2000 2001 2002
EE
Bauxite
Production Reserves Reserve base Resources
(1000 t) (1000 t) (1000 t) ®
Year
1995 109,000
1996 114,000 23,000,000 28,000,000 | 55-75 billion
1997 123,000 23,000,000 28,000,000
1998 122,000 25,000,000 34,000,000
1999 127,000 25,000,000 34,000,000
2000 135,000 25,000,000 35,000,000
2001 138,000 24,000,000 34,000,000
2002 141,000 22,000,000 33,000,000
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Be

Beryllium
Production Reserves Reserve base | Resources
(t) (t) (t) (t)
Year

1995 327

1996 336

1997 331

1998 344

1999 301

2000 280 80,000

2001 160

2002 160
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Bi

EATR 8464
35 90
=
1 80
3.0
170
25
1 60
<2 2.0 150 g e
& H e
i H —e—iAEH
ﬂ W 140 &
E{g 15
pud
130
10
1 20
05
11 | 10
0.0 )
1996 1997 1998 1999 2000 2001 2002
FE
Bismuth
Production Reserves Reserve base | Resources
® ® ®
Year Content
1995 3,040
1996 3,440 110,000 250,000
1997 4,210 110,000 260,000
1998 3,880 110,000 260,000
1999 3,620 110,000 260,000
2000 5,880 110,000 260,000
2001 4,000 290,000 690,000
2002 3,900 330,000 680,000

42




ROy 31FE

18.0 60
160 «
1 50
140 +
120 + 1 40
< e
AT = e
g 100 = RS
m%lé 130 ?; (]
w80 & 53 —e—itAEH
o H
= 60 | 1 20
40 +
10
0.0 : — 0
1996 1997 1998 1999 2000 2001
FE
Boron
Production Reserves Reserve base Resources
(1000 t) (10001) (1000 1)
Year B,0O;
1995 2,400
1996 3,200 170,000 420,000
1997 3,070 170,000 470,000
1998 4,370 170,000 470,000
1999 4,370 170,000 470,000
2000 4,370 170,000 470,000
2001 4,600 170,000 470,000
2002 4,800 | Large Large
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Br

Bromine
Production Reserves Reserve base Resources
(1000 t) ®
Year Content
1995 430
1996 450 | NA NA 1 billion
1997 Sea water 100
470 | NA NA trillion
1998 510 | NA NA
1999 530 | NA NA
2000 542 | NA NA
2001 540 | NA NA
2002 550 | NA NA
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Cd

HRIHL 3914
7.0 35
60 | .\ /_/_\_/._\' — 1 a0
50 f 125
A3 40 | 120
R ig =1 — e
W o i = =iE
#
w@ 30 r 415 —O— Mt AEH
o B
g
20 110
10 15
0.0 .
1996 1997 1998 1999 2000 2001 2002
FE
Cadmium
Production Reserves Reserve base Resources
® ® ® ®
Year Content
1995 18,500
1996 18,900 540,000 970,000 | 0.3% of Zn
1997 20,000 530,000 1,000,000 | 0.3*6 million
1998 19,600 600,000 1,200,000
1999 19,100 600,000 1,200,000
2000 19,700 600,000 1,200,000
2001 18,200 600,000 1,200,000
2002 18,700 600,000 1,800,000 | 0.6 million
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Cr

0L 1234
40 350
35 [ § ] ] ] [ | 1 300
\‘Pa\\ / \
b
30
Y 1 250
. 25
.;_2 1 200 =
Q }—E i AR
=g 20 W =L
0l — o —e— WS
i gy 1 150
L —
e m 15
m"" ®
4100
1.0
05 1 %0
00 — 0
1996 1997 1998 1999 2000 2001 2002
FHE
Chromium
Production Reserves Reserve base Resources
(1000 t) (1000 1) (1000 t) ®
Year Gross weight
1995 12,000
1996 12,190 3,700,000 7,500,000 | 11 billion
1997 12,500 3,600,000 7,500,000
1998 12,700 3,700,000 7,600,000
1999 13,500 3,600,000 7,500,000
2000 14,400 3,600,000 7,600,000
2001 12,100 3,600,000 7,600,000
2002 13,000 1,600,000 7,100,000
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Cobalt
Production Reserves Reserve base Resources
® ® ® ®
Year Content
1995 22,100
1996 27,000 4,000,000 9,000,000 | 11 million
1997 27,000 4,000,000 9,000,000
1998 26,300 4,300,000 9,500,000
1999 29,900 4,500,000 9,600,000
2000 33,300 4,700,000 9,900,000
2001 36,700 3,200,000 10,000,000
2002 36,900 6,700,000 13,000,000
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Copper
Production Reserves Reserve base Resources
(1000 1) (1000 t) (10001) ®
Year Content
1995 10,000
1996 11,000 310,000 610,000 | 1.6 billion
1997 11,400 320,000 630,000
1998 "+0.7 billion
12,200 340,000 650,000 | nodule"
1999 12,900 340,000 650,000
2000 13,200 340,000 650,000
2001 13,700 340,000 650,000
2002 13,400 480,000 950,000
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1996 1997 1998 1999 2000 2001 2002
FE
Fluorspar
Production Reserves Reserve Resources
(1000 t) (1000 t) base (1000 t) | (t)
Year
1995 3,940
1996 4,140 210,000 310,000 | 330 million
1997 4,620 218,000 371,000
1998 4,670 220,000 370,000
1999 4510 220,000 370,000
2000 4,520 220,000 380,000
2001 4,530 230,000 440,000
2002 4,530 230,000 480,000
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Gallium
Production Reserves Reserve Resources
(kg) base (kg)
Year Content
1995
1996 70,000 1 billion
1997 68,000
1998 60,000
1999 75,000
2000 100,000
2001 110,000
2002 81,000
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Germanium
Production Reserves Reserve base | Resources
(kg)
Year | Content
1995 45,000
1996 53,000
1997 63,000
1998 56,000
1999 58,000
2000 71,000
2001 68,000
2002 68,000
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1996 1997 1998 1999 2000 2001 2002
F£E
Gold
Production Reserves Reserve base Resources
® ® ® ®
Year Content
1995 2,250
1996 2,250 46,000 71,000 86,000
1997 2,410 45,000 72,000 89,000
1998 2,460 45,000 72,000 89,000
1999 2,540 49,000 77,000 100,000
2000 2,550 48,000 77,000 100,000
2001 2,570 50,000 78,000 100,000
2002 2,530 42 500 89,000 100,000
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FE
Graphite
(natural)
Production Reserves Reserve base | Resources
(1000 t) (1000 t) (1000 t) ®
Year
1995 720
1996 644 21,000 380,000 | 800 million
1997 575 21,000 380,000
1998 605 16,000 360,000
1999 685 15,000 360,000
2000 571 15,000 360,000
2001 826 15,000 360,000
2002 810 74,000 270,000
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1996 1997 1998 1999 2000 2001 2002
3
Indium
Production Reserves Reserve base Resources
® ® ®
Year
1995 239
1996 200 2,600 5,700
1997 230 2,600 5,700
1998 230 2,600 5,700
1999 215 2,600 5,700
2000 335 2,600 5,700
2001 345 2,600 5,700
2002 335 2,500 6,000
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1996 1997 1998 1999 2000 2001
R
lodine
Production | Reserves Reserve base | Resources
® ® ®
Year Element
1995 13,800
1996 13,100 | NA NA 76 billion pounds
1997 13,100 6,300,000 | NA
1998 21,300 6,300,000 | NA
1999 19,300 6,300,000 | NA
2000 19,400 15,000,000 27,000,000 | 34 million tons
2001 19,200 15,000,000 27,000,000
2002 19,600 15,000,000 27,000,000
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Iron ore
Production Reserves Reserve base | Resources
(1000000t) (1000000t) (1000000t) ®
Year Ore Iron Iron
1995 1,000
1996 1,020 83,000 124,000 | 230 billion
1997 1,040 68,000 112,000
1998 1,020 74,000 160,000
1999 994 74,000 160,000
2000 1,060 71,000 160,000
2001 1,060 72,000 160,000
2002 1,100 70,000 160,000
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1996 1997 1998 1999 2000 2001 2002
FE
Lead
Production Reserves Reserve base Resources
(1000 1) (1000 1) (1000 1) )
Year Content
1995 2,710
1996 2,920 69,000 120,000 | >1.5 million
1997 3,010 65,000 120,000
1998 3,100 66,000 140,000
1999 3,020 64,000 143,000
2000 3,100 64,000 130,000
2001 3,100 64,000 130,000
2002 2,900 68,000 140,000
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E£E
Lithium
Production Reserves Reserve base Resources
® ® ® ®)
Year Contain
1995 6,300
1996 11,000 2,000,000 81,000,000 | 12 million
1997 14,000 3,700,000 9,400,000
1998 15,000 3,400,000 9,400,000
1999 14,000 3,400,000 9,400,000
2000 14,000 3,400,000 9,400,000
2001 15,100 3,400,000 9,400,000
2002 15,100 4,100,000 11,000,000 | >13 million
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1996 1997 1998 1999 2000 2001 2002
FE
Magnesium compound
Production Reserves Reserve base Resources
(1000 1) (1000 1) (1000 1) ®
Year Mg content
1995 2,640
1996 2,640 2,500,000 3,400,000 | 12 billion
1997 3,030 2,500,000 3,400,000
1998 3,090 2,500,000 3,400,000
1999 3,090 2,500,000 3,400,000
2000 3,090 2,500,000 3,400,000
2001 3,170 1,800,000 2,500,000
2002 2,980 2,100,000 3,600,000
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Manganese
Production Reserves Reserve base Resources
(1000 1) (1000 t) (1000 t)
Year Gross
1995 7,580
1996 7,730 680,000 5,000,000
1997 7,680 680,000 5,000,000
1998 7,040 680,000 5,000,000
1999 6,990 680,000 5,000,000
2000 7,280 660,000 5,000,000
2001 7,600 670,000 5,000,000
2002 7,600 300,000 5,000,000
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1996 1997 1998 1999 2000 2001 2002
FEE
Mercury
Production Reserves Reserve base Resources
® ® ® ®
Year Content
1995 2,820
1996 2,890 130,000 240,000 | 600,000
1997 2,730 130,000 240,000
1998 2,320 120,000 240,000
1999 1,800 120,000 240,000
2000 1,350 120,000 240,000
2001 1,400 120,000 240,000
2002 1,400 120,000 240,000
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1996 1997 1998 1999 2000 2001 2002
F£E
Molybdenum
Production Reserves Reserve base | Resources
® ® ® ®
Year Content
1995 126,000
1996 128,000 5,500,000 12,000,000 | >17.4 million
1997 140,000 5,500,000 1,200,000
1998 135,000 5,500,000 1,200,000
1999 122,000 5,500,000 1,200,000 | >17.5 million
2000 129,000 5,500,000 1,200,000
2001 130,000 5,600,000 11,000,000
2002 128,000 8,600,000 19,000,000 | >18.4 million
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1996 1997 1998 1999 2000 2001 2002
F£E
Nickel
Production Reserves Reserve base Resources
® ® ® ®
Year Content
1995 1,040,000
1996 1,080,000 47,000,000 110,000,000 | 130 million
1997 1,120,000 40,000,000 140,000,000
1998 1,140,000 40,000,000 140,000,000
1999 1,120,000 46,000,000 140,000,000
2000 1,250,000 49,000,000 150,000,000
2001 1,330,000 58,000,000 160,000,000
2002 1,320,000 61,000,000 140,000,000
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1996 1997 1998 1999 2000 2001
E
Niobium
Production Reserves Reserve base Resources
(1000 kg) (1000 kg) (1000 kg)
Year Content
1995 17,800
1996 16,000 3,500,000 4,200,000 | 360 million kg
1997 20,600 3,500,000 4,200,000 | 360,000 t
1998 18,500 3,500,000 5,600,000
1999 23,600 3,500,000 5,500,000
2000 32,600 3,500,000 5,500,000
2001 25,600 4,600,000 5,700,000
2002 25,700 4,400,000 5,200,000
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FE
Tantalum
Production Reserves Reserve base Resources
® ® ®
Year Content
1995 356
1996 383 15,000 26,000
1997 413 14,000 24,000
1998 454 19,000 24,000
1999 495 12,000 36,000
2000 836 28,000 60,000
2001 1,300 39,000 120,000
2002 1,530 39,000 110,000
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1996 1997 1998 1999 2000 2001 2002
3:
Peat
Production Reserves Reserve base Resources
(1000 t) (1000 t) (1000 t) ®
Year
1995 128,000
1996 25,800 5,200,000 460,000,000 | 1.9 trillion
1997 26,000 5,200,000 460,000,000
1998 25,500 5,300,000 460,000,000
1999 27,000 5,200,000 200,000,000
2000 27,400 5,200,000 200,000,000 | 2 trillion
2001 27,900 5,200,000 200,000,000
2002 26,500 5,200,000 200,000,000
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1996 1997 1998 1999 2000 2001 2002
R
Perlite
Production Reserves Reserve base Resources
(1000 t) (1000 t) (1000 1)
Year
1995 1,480
1996 1,682 700,000 2,000,000 | Little information
1997 1,840 700,000 2,000,000
1998 1,840 700,000 2,000,000
1999 1,850 700,000 2,000,000
2000 2,010 700,000 2,000,000
2001 1,710 700,000 2,000,000
2002 1,800 700,000 7,700,000
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1996 1997 1998 1999 2000 2001 2002
F£E
Phosphate rock
Production Reserves Reserve base Resources
(1000 t) (1000 1) (1000 t)
Year

1995 131,000

1996 133,000 11,000,000 34,000,000

1997 138,000 11,000,000 33,000,000

1998 145,000 12,000,000 35,000,000

1999 141,000 12,000,000 36,000,000

2000 133,000 12,000,000 37,000,000

2001 126,000 12,000,000 47,000,000

2002 133,000 17,000,000 50,000,000
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Ru, Rh, Pd, Os, Ir, Pt
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Platinum group
Production Reserves Reserve base Resources
(kg) (kg) (k) (kg)
Year
1995 145,000
1996 146,000 56,000,000 66,000,000 | 100 million
1997 154,000 70,600,000 77,500,000
1998 146,000 71,000,000 78,000,000
1999 169,000 71,000,000 78,000,000
2000 155,000 71,000,000 79,000,000
2001 160,000 72,000,000 73,000,000
2002 171,000 71,000,000 80,000,000
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Pd

Palladium
Production Reserves Reserve base Resources
(kg)
Year
1995 112,000
1996 111,000
1997 119,000
1998 150,000
1999 178,000
2000 174,000
2001 179,000
2002 193,000
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Potash
Production Reserves Reserve base Resources
(1000 t) (1000 1) (10001)
Year K>,O
1995 24,300
1996 23,200 8,400,000 17,000,000
1997 25,700 8,400,000 17,000,000
1998 25,100 8,400,000 17,000,000
1999 25,700 8,400,000 17,000,000
2000 25,300 8,400,000 17,000,000
2001 26,400 8,400,000 17,000,000
2002 27,000 8,300,000 17,000,000
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1996 1997 1998 1999 2000 2001 2002
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Rare earth
Production Reserves Reserve base Resources
® ® ®
Year Content
1995 79,900
1996 84,800 100,000,000 110,000,000
1997 79,700 100,000,000 110,000,000
1998 76,600 100,000,000 110,000,000
1999 82,000 100,000,000 110,000,000
2000 83,500 100,000,000 110,000,000
2001 83,500 100,000,000 110,000,000
2002 85,500 88,000,000 150,000,000
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Yttrium
Production Reserves Reserve base Resources
® ® ®
Year Y,0;
1995 1,450
1996 1,600 510,000 560,000
1997 2,370 510,000 560,000
1998 2,400 510,000 560,000
1999 2,400 510,000 560,000
2000 2,400 510,000 560,000
2001 2,400 510,000 560,000
2002 2,400 540,000 610,000
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1996 1997 1998 1999 2000 2001 2002
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Rhenium
Production Reserves Reserve base | Resources
(kg) (kg) (ka) (kg)
Year Content
1995 28,200
1996 27,200 2,500,000 11,000,000 | 11 million
1997 35,600 2,500,000 11,000,000
1998 45,100 2,500,000 11,000,000
1999 46,000 2,500,000 11,000,000
2000 28,400 2,500,000 11,000,000
2001 26,000 2,400,000 10,000,000
2002 23,100 2,400,000 10,000,000
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1996 1997 1998 1999 2000 2001 2002
R
Selenium
Production Reserves Reserve base | Resources
(t) (t) ®
Year Content
1995 2,070
1996 2,150 70,000 130,000
1997 1,640 70,000 130,000
1998 1,450 70,000 130,000
1999 1,480 70,000 130,000
2000 1,410 70,000 130,000
2001 1,580 70,000 130,000
2002 1,460 84,000 180,000
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1996 1997 1998 1999 2000 2001 2002
F£E
Tellurium
Production Reserves Reserve base Resources
® ® ®
Year Content
1995 | NA
1996 129 20,000 38,000
1997 89 20,000 38,000
1998 115 20,000 38,000
1999 124 20,000 38,000
2000 125 20,000 38,000
2001 141 20,000 38,000
2002 130 21,000 47,000
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Si

Silicon
Production Reserves Reserve base Resources
(1000 t) (1000 t) (1000 t)
Year Content

1995 3,100

1996 3,200

1997 3,400

1998 3,200

1999 3,400

2000 3,500

2001 3,500

2002 4,100
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R
Silver
Production Reserves Reserve base | Resources
® ® ®
Year Content
1995 14,600
1996 15,200 280,000 420,000
1997 16,400 280,000 420,000
1998 16,400 280,000 420,000
1999 17,700 280,000 420,000
2000 17,700 280,000 420,000
2001 18,700 280,000 430,000
2002 18,800 270,000 520,000
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Soda ash
Production Reserves Reserve base Resources
(2000 t) (1000 t) (1000 t)
Year
1995 10,400
1996 10,500 24,000,000 40,000,000
1997 11,100 24,000,000 40,000,000
1998 10,500 24,000,000 40,000,000
1999 10,600 24,000,000 40,000,000
2000 10,700 24,000,000 40,000,000
2001 10,800 24,000,000 40,000,000
2002 10,900 24,000,000 40,000,000
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1996 1997 1998 1999 2000 2001
3
Sodium sulfate
Production Reserves Reserve base Resources
(1000 t) (2000 t) (1000 t)
Year
1995 2,500
1996 3,200 3,300,000 4,600,000
1997 3,990 3,300,000 4,600,000
1998 3,960 3,300,000 4,600,000
1999 3,300,000 4,600,000
2000 3,300,000 4,600,000
2001 3,300,000 4,600,000
2002
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Strontium
Production Reserves Reserve base Resources
® ® ® ®
Year Content
1995 170,000
1996 330,000 6,800,000 12,000,000 | 1 billion
1997 340,000 6,800,000 12,000,000
1998 311,000 6,800,000 12,000,000
1999 304,000 6,800,000 12,000,000
2000 520,000 6,800,000 12,000,000
2001 370,000 6,800,000 12,000,000
2002 360,000 6,800,000 12,000,000
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Sulfur
Production Reserves Reserve base | Resources
(1000 t) (1000 t) (1000 t) ®
Year
1995 54,300
1996 52,400 60 billion
1997 53,600 1,400,000 3,500,000
1998 57,800 1,400,000 3,500,000
1999 57,100 1,400,000 3,500,000
2000 57,200 1,400,000 3,500,000
2001 57,300 1,300,000 3,500,000
2002 58,000
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1996 1997 1998 1999 2000 2001 2002
FE
Thallium
Production Reserves Reserve base | Resources
(kg) (k) (kg) (kg)
Year
1995 15,000
1996 15,000 380,000 650,000 | 17 million
1997 15,000 380,000 650,000
1998 15,000 380,000 650,000
1999 15,000 380,000 650,000
2000 15,000 380,000 650,000
2001 15,000 380,000 650,000
2002 15,000 380,000 650,000
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1996 1997 1998 1999 2000 2001 2002
3: 4
Tin
Production Reserves Reserve base Resources
® ® ®
Year Content
1995 189,000
1996 196,000 7,000,000 10,000,000
1997 211,000 7,700,000 12,000,000
1998 206,000 7,700,000 12,000,000
1999 198,000 7,700,000 12,000,000
2000 238,000 9,600,000 12,000,000
2001 222,000 6,900,000 12,000,000
2002 231,000 6,100,000 11,000,000
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Titanium mineral

Production
(2000 t)

Reserves
(1000 1)

Reserve base
(2000 t)

Resources

(t)

Year

1995

1996

1997

1998

4,260

1999

4,010

370,000

640,000

230 million

2000

4,700

390,000

660,000

2001

5,000

380,000

540,000

2002

4,900

470,000

820,000
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1996 1997 1998 1999 2000 2001 2002
FE
Tungsten
Production Reserves Reserve base | Resources
® ® ®
Year
1995 31,000
1996 32,000 2,100,000 3,300,000
1997 33,400 2,100,000 3,300,000
1998 32,200 2,000,000 3,200,000
1999 31,000 2,000,000 3,200,000
2000 37,400 2,000,000 3,200,000
2001 44,200 1,900,000 3,100,000
2002 46,600 2,900,000 6,200,000
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F£E
Vanadium
Production Reserves Reserve base Resources
® ® ® ®
Year
1995 33,700
1996 35,100 10,000,000 27,000,000 | 63 million
1997 37,100 10,000,000 27,000,000
1998 41,800 10,000,000 27,000,000
1999 42,800 10,000,000 27,000,000
2000 43,000 10,000,000 27,000,000
2001 58,000 10,000,000 27,000,000
2002 67,000 13,000,000 38,000,000
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Vermiculite
Production Reserves Reserve base Resources
(1000 t) (1000 t) (1000 t) )
Year
1995 478
1996 266 50,000 200,000 | 3 million
1997 280 50,000 200,000
1998 292 50,000 200,000
1999 530 50,000 200,000
2000 512 50,000 200,000
2001 305 50,000 200,000
2002 370 50,000 200,000
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FE
Zinc
Production Reserves Reserve base Resources
(1000 t) (1000 t) (1000 t) ®
Year Content
1995 7,120
1996 7,440 140,000 330,000 | 1.8 billion
1997 7,460 190,000 430,000
1998 7,550 190,000 440,000 | 1.9 billion
1999 8,040 190,000 430,000
2000 8,730 190,000 430,000
2001 8,850 190,000 440,000
2002 8,900 200,000 450,000
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Zirconium
Production Reserves Reserve base | Resources
(1000 t) (1000000 t) (1000000 t) ®
Year ZrO,
1995 897
1996 857 32 62 | 60 million
1997 926 32 62
1998 814 36 65
1999 940 36 65
2000 1,040 36 65
2001 900 36 65
2002 910 37 72
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LCA

1 k Uki = Cki X Zi

Cki 1 k Zi

Uk = Z(uki) =Y (cki X zi)
1

20 50 70

LCA U = Y (ckixzi)

Cki X Zi
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Cki X Zi

U = ai z1 a

Z2

as Z3 a4

U = Uo(l+ar z) (1+az z) (
Zi
U
U Uo = (aizit+aszetaszst+
z
U =z
U = f(x1,x2,x3. )

U = f+(3f &x1)

dxi
ci=(Sf Sxv)

dx1 + (Sf Sx2)
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USGS

B Bff BEAE
TH EMEES BHEE it FA S 3 1/ 1/
t/y /188 &
it FA 48 (E=EXTFREE

Ag 1 18,800 270,000 14.4 259,259.26 8.10 2,101,080.25
As*x 1 35,000 800,000 229 87,500.00 5.10 445,906.11
Au 1 2,530 42,500 16.8 1,647,058.82 6.95 11,441,176.47
Al 1000 141,000 22,000,000 156 3.18 0.75 2.38
Bex 1 200 19,000 95 3,684,210.53 1.23 4525,761.77
Bi 1 3,900 330,000 84.6 212,121.21 1.38 292,606.92
Br 1000 520 15,400 29.6 4,545.45 3.94 17,920.76
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Bfivy | SHEEE IEEE i FREE 4 1/ 1/
1/1BEE

MRAEH | (EESMAEN

Cd 1 18,700 600,000 321 116,666.67 3.64 424,143.30
Co 1 36,900 6,700,000 181.6 10,447.76 0.64 6,713.95
Cr 1000 13,000 1,600,000 12341 43.75 0.95 41.48
Cu 1000 13,400 480,000 35.8 145.83 3.26 475.38
Fe 1000000 600 70,000 116.7 1.00 1.00 1.00
Ge* 0.001 6,800 500,000 73.5 140,000,000.00 1.99 222,285,714.29
Hg 1 1,400 120,000 85.7 583,333.33 1.36 794,340.72
In 1 335 2,500 15 28,000,000.00 15.56 435,680,000.00
Li 1 15,100 4,100,000 2715 17,073.17 0.43 7,338.63
Mg 1000 2,980 2,100,000 704.7 33.33 0.17 5.52
Mn 1000 7,600 300,000 39.5 233.33 2.95 689.37
Mo 1 128,000 8,600,000 67.2 8,139.53 1.74 14,135.17
Nb 1 25,700 4,400,000 171.2 15,909.09 0.68 10,844.57
Ni 1 1,320,000 61,000,000 46.2 1,147.54 2.53 2,898.66
Pb 1000 2,900 68,000 235 1,029.41 497 5,112.02
Pts 0.001 171,000 71,000,000 415.2 985,915.49 0.28 277,110.64
REO 1 85,500 88,000,000 1,029.20 795.45 0.11 90.20
Re 0.001 23,100 2,400,000 103.9 29,166,666.67 112 32,759,865.26
S 1000 58,000 1,300,000 224 53.85 5.21 280.53
Sb 1 141,000 1,800,000 12.8 38,888.89 9.12 354,557.29
Se 1 1,460 84,000 57.5 833,333.33 2.03 1,691,304.35
Sn 1 230,000 6,100,000 26.4 11,475.41 4.42 50,726.53
Sr 1 360,000 6,800,000 18.9 10,294.12 6.17 63,562.09
Ta 1 1,530 39,000 255 1,794,871.79 4.58 8,214,177.98
Te 1 130 21,000 161.5 3,333,333.33 0.72 2,408,668.73
Tl 1 15 380 253 184,210,526.32 4.61 849,698,356.56
Ti 1000 490 47,000 95.9 1,489.36 1.22 1,812.39
1 67,000 13,000,000 194 5,384.62 0.60 3,239.10

w 1 46,600 2,900,000 62.2 24,137.93 1.88 45,287.73
Zn 1000 8,900 200,000 22.5 350.00 5.19 1,815.33
Zr 1000 910 37,000 40.7 1,891.89 2817 5,424.66
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87

100%

REEE | ERE
Mt ('87) | MT(87) HRARE hE®
Fe 16113 | 66100 0.196 1.00
Al 380 | 4250 0.082 0.42
Cr 79.1 418 0.159 0.81
Cu 247 352 0.412 2.10
Zn 204 147 0.581 2.97
Mn 268 812 0.248 1.27
Pb 124.7 70 0.640 3.27
Ni 22| 486 0.312 1.59
Sr 2.68 7 0.277 1.41
Mg 90.1 | 2500 0.035 0.18
Sn 9.92| 4.28 0.699 3.56
Ag 0.401 0.28 0.589 3.00
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Sb 2.7 4.2 0.391 2.00
Mo 274 5.53 0.331 1.69
Ti 51.2 170 0.231 1.18
u 0.32 0.83 0.278 1.42
\ 0.716 4.27 0.144 0.73
Co 0.996 3.31 0.231 1.18
W 1.85 2.57 0.419 2.14
Nb 0.27 3.95 0.071 0.36
Bi 0.141 0.09 0.610 3.11
Zr 7.26 26.6 0.214 1.09
Li 0.84 221 0.275 1.41
Au 0.059 0.042 0.584 2.98
Hg 0.27 0.126 0.682 3.48
Ta 22 0.022 0.999 5.10
Be 0.005 0.013 0.278 1.42
Pt 0.005 0.056 0.082 0.42
Th 0.38 1 0.275 1.40
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HOBRAFIERE

P SEDIT | REEE - HETT/ -
(% 1000000) | ppm HWEFFHE T 7

[t/y] (X 1000000)
Fe 571,000,000.00 | 883674.322 | 50000.000 | 114669.759 7.706 1.000
Al 23,900,000.00 36987.419 | 81300.000 | 186453.028 0.198 0.026
Cr 13,700,000.00 21201.993 100.000 229.340 92448 | 11.996
Cu 12,900,000.00 19963.921 55.000 126.137 158.272 | 20.538
Zn 8,000,000.00 12380.726 70.000 160.538 77.120 | 10.008
Mn 7,450,000.00 11529.551 950.000 2178.725 5.292 0.687
Si 3,400,000.00 5261.809 | 277200.000 | 635729.145 0.008 0.001
Pb 2,980,000.00 4611.820 13.000 29814 154.686 | 20.073
Ni 1,230,000.00 1903.537 75.000 172.005 11.067 1.436
Sr 304,000.00 470.468 375.000 860.023 0.547 0.07M
Mg 284,000.00 439.516 | 20900.000 | 47931.959 0.009 0.001
Sn 200,000.00 309.518 2.000 4587 67.480 8.757
Ag 160,000.00 247,615 0.070 0.161 1542.408 | 200.150
Sb 121,000.00 187.258 0.200 0.459 408.256 | 52.977
Mo 112,000.00 173.330 1.500 3.440 50.385 6.538
Ti 51,000.00 78.927 4400.000 | 10090.939 0.008 0.001
U 45,807.00 70.890 1.800 4128 17.173 2.228
\% 42,000.00 64.999 135.000 309.608 0.210 0.027
As 40,000.00 61.904 1.800 4128 14.996 1.946
Ce 35,014.00 54187 60.000 137.604 0.394 0.051
Co 32,300.00 49.987 25.000 57.335 0.872 0.113
W 31,500.00 48.749 1.500 3.440 14171 1.839
Nb 23,600.00 36.523 20.000 45.868 0.796 0.103
Cd 19,300.00 29.869 0.200 0.459 65.119 8.450
La 18,860.00 29.188 30.000 68.802 0.424 0.055
Bi 17,900.00 27.702 0.200 0.459 60.395 7.837
Zr 14,250.00 22.053 165.000 378.410 0.058 0.008
Nd 13,940.00 21.573 28.000 64.215 0.336 0.044
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Li 13,000.00 20.119 20.000 45.868 0.439 0.057
B 4,270.00 6.608 2.800 6.422 1.029 0.134
Pr 3,362.00 5.203 8.200 18.806 0.277 0.036
Sm 2,460.00 3.807 6.000 13.760 0.277 0.036
Au 2,445.00 3.784 0.004 0.009 412.474 | 53.525
Y 2,400.00 3.714 33.000 75.682 0.049 0.006
Yb 1,958.00 3.030 3.000 6.880 0.440 0.057
Hg 1,800.00 2.786 0.080 0.183 15.183 1.970
Gd 1,640.00 2.538 5.400 12.384 0.205 0.027
Se 1,400.00 2.167 0.050 0.115 18.894 2.452
Dy 656 1.015 4.800 11.008 0.092 0.012
Tb 574 0.888 0.800 1.835 0.484 0.063
Br 520 0.805 2.500 5.733 0.140 0.018
Ta 513 0.794 2.000 4.587 0.173 0.022
Be 356 0.551 2.800 6.422 0.086 0.011
Er 246 0.381 2.800 6.422 0.059 0.008
In 220 0.340 0.100 0.229 1.485 0.193
Ga 210 0.325 15.000 34.401 0.009 0.001
Pt 178 0.275 0.010 0.023 12.011 1.559
Pd 177 0.274 0.010 0.023 11.944 1.550
Te 125 0.193 0.010 0.023 8.435 1.095
Hf 123.5 0.191 3.000 6.880 0.028 0.004
Lu 114.8 0.178 0.500 1.147 0.155 0.020
Ho 98.4 0.152 1.200 2.752 0.055 0.007
Eu 82 0.127 1.200 2.752 0.046 0.006
Tm 65.6 0.102 0.500 1.147 0.089 0.011
Ge 58 0.090 1.500 3.440 0.026 0.003
Th 45 0.070 7.200 16.512 0.004 0.001
Re 43 0.067 0.001 0.002 29.017 3.765
Rh 23.96 0.037 0.005 0.011 3.234 0.420
Ru 19.99 0.031 0.010 0.023 1.349 0.175
Ir 3.18 0.005 0.001 0.002 2.146 0.278
Os 0.06 0.000 0.001 0.002 0.040 0.005
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A T T
(yi,j * pi)
W; = XWij
A LCA
Fe,Cu,Pb,Zn,Al
A LCA
Cr,Ni,Co,Mn,Si1,V,Nb,Mo,W
B

Li,Mg,Ca,Ti,Ag,Cd,In,Sn,Sb,Ta,Au
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10 100 10
1
TMR EREBRE | BAFHEFEe TMR BERMEBRE | BATHFe)
3| Li 1,500 1,800 580 52 | Te 270,000 2,900,000 300,000
4 | Be 2,500 21,000 2,600 57 | La 3,100 470 420
5|8 140 9,600 400 58 | Ce 2,000 450 330
11 | Na 50 59 | Pr 8,000 3,300 1,800
12 | Mg 70 15 3.6 60 [ Nd 3,000 1,000 600
13 | Al 48 0.37 15 62 | Sm 9,000 4,500 2,200
14 | Si 34 0.10 0.6 63 | Eu 20,000 22,000 7,400
20 [ ca 90 64 | Gd 10,000 5,000 2,500
21 | Sc 2,000 65 | Tb 30,000 34,000 11,000
22 | Ti 36 12 7.4 66 | Dy 9,000 6,500 2,500
23|V 1,500 300 240 67 | Ho 25,000 22,000 8,300
24 | Cr 26 43 12 68 | Er 12,000 9,600 3,800
25 | Mn 14 100 13 69 | Tm 40,000 54,000 16,000
26 | Fe 8 1 1 70 | Yb 12,000 9,000 3,600
27 | Co 600 1,600 350 71 | Lu 45,000 54,000 17,000
28 | Ni 260 1,100 190 72 | Hf 10,000 9,000 3,300
29 | Cu 360 300 110 73 | Ta 6,800 66,000 7,400
30 [ Zn 36 1,000 67 74 | W 190 34,000 890
31 | Ga 14,000 1,800 1,800 75 | Re 20,000 30,000,000 270,000
32 | Ge 120,000 18,000 16,000 76 | Os 540,000 27,000,000 1,300,000
33 | As 29 15,000 230 77 | Ir 400,000 27,000,000 1,100,000
34 | se 70 1,200,000 3,200 78 | Pt 520,000 660,000 210,000
35 | Br2 9,400 10,000 3,500 79 | Au 1,100,000 6,200,000 920,000
37| Rb 133 80 | Hg 2,000 680,000 13,000
38 | sr 500 450 170 82 | Pb 28 2,900 100
39 |Y 2,700 1,200 630 83 | Bi 180 250,000 2,300
40 | Zr 550 560 190 88 | Ra 280,000,000
41 [ Nb 640 2,100 400 90 | Th 9,000 3,700 2,000
42 | Mo 750 11,000 1,000 92| U 22,000 32,000 9,300
44 | Ru 80,000 2,700,000 160,000 coal 12 0.04 0.2
45 [ Rh 2,300,000 5,400,000 1,200,000 oil 74 0.8 0.9
46 | Pd 810,000 2,700,000 520,000 BEA 14
47 | Ag 4,800 1,100,000 25,000 B 1.4
48 | cd 7 260,000 450 plastic 10 0.8 1.0
49 | In 4,500 3,900,000 46,000 A 8.0 0.24 0.5
50 | Sn 81 30,000 540 cement 3.2
51 | Sb 42 180,000 970 2 330 19 27
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&#8(0.01mg/kg) #R#E(1mg/kg) #H#E(10mg/kg) FA#E(0.19/ka) %48 (1g/kg)

Er 3000

Os 1000000 Te 300000 Cd 400 Mn 13
Rh 1000000  Re 200000 0 S0008 e 400  Cr 12
Ir 1000000 Pt 200000 O 3000, 400 i 74
Au 1000000  Ru 200000 3000 g 400 Mg 36
Pd 500000 In 50000  °° 000 4 300 Al 15
Ag 25000  °° 2000 300 Fe 1
Lu 10000 Y 2000 -, 200 i 0.6
Ge 10000 ¢ 20008 A 200
i 10000 ° 2000 200
He fo000 ™ 2000 200
Tb 10000 " 2000 o 200
u 10000 " 2000, 120
Ho gooo @ 2000 o 100
™ s000 Mo 000 0
- s000 S 1000
w 1000
BRIEENSAHT-TTRD DR Y 600
(OOgky)IIEAFNEETRMNER Nd 600
Li 600
Sn 500
2005 3
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305-0047
1-2-1
TEL 029-859-2668
FAX 029-859-2601
e-mail emc@wotome.nims.go.jp

home page http://www.nims.go.jp/emc/







