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a8 1 LT Y R TE A MM S 2Ee

H 1. 8% 2& #a9 &
5 A ==
ezie|/dZe|E FH Li, Mg, Cs, Be, Sr, Ba 6
a5 fla B, Ge, P, As, Sb, Bi, Se, Te, Sn, Si 10
HE Yo Co, Ni 2
| IB~IBEHx Ga, In, TI, Cd 4
ras
1188 2% Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Re 11

Sc, Y, REE (La, Ce, Pr, Nd, Pm, Sm, Eu,

SIER 35 17
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu)

= A Ru, Rh, Os, Pd, Ir, Pt 6
g A 56
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H 2 37 24 2 TYAR HAXEHML 72712, 2010)

(F9: H B

T 2 10 11 12 13 14 15 16 17 18 19 |
2 =] 8 18 28 35 44 55 69 86 107 134 584
5 ER/ 7 8 9 9 10 1 12 13 14 15 108

i = 442 473 506 541 579 619 663 709 759 812 6,103

2 903 966 | 1,034 | 1,106 | 1,183 | 1,266 | 1,355 | 1,455 | 1,651 | 1,660 12,479

22| =24 15 16 17 18 20 21 22 24 26 27 206
B A HEl 4 4 4 5 5 5 6 6 6 7 52
g A 1,379 | 1,485 | 1,598 | 1,714 | 1,841 | 1,977 | 2,127 | 2,203 | 2,463 | 2,655 | 19,532
s F4S FOIE A7), taBdol 5 Al ZYu|oBritish Columbia) o4 f8}
Aebakelo] B4 ARz A o S718E A ABARETHE 1), Bl ZYulop Fof
= Aol sladat BAeR QA% 7HA & o] A 247la] T 9 Ak Al
Aol Al Aglolth. w3k e Kefo] A o] o] RO L, Theo] TS
HEEo] dF IA7HF=, Bebd, 35, dof = 9 A48 A Aol &9 Folth ZeE
T 5)9) A4 Hf-gol 50% ool B €O BE UAE 20099RE 2013714

[e]
Sobe] AuETe] 87 A 4o L E3 Ak oF 8000 t, 29 80007 Hefo] ok B
A A 5o Qe Aol YA AHd B ol s Akl glor ol AlA 10
ePgiol 7ok FAolek. olo] wiet BF  91Tol SHRFTHUSGS, 2015 F 3)
gt 7ba wEAel stlgel mek % vk Ade] BeHd FEe st
7RE7) 9% B Aol ABREIT itk of B -8 Endako HALO.E 2013610 & 520062 Al
TAAE Aukeel ) BA iR A4S ARSIk o] BARE Prince Georgeol A HAZE

1 Qlem 7k F2l 3 F4 YA (Mo, Ni, o2 9F 160 km Ho|Zl Fraser S=0f Q1%gH

Nb, Wyel| tfjsliA Hirghc} Z| o] ¢]x]5}a )t} Endako A|HFS %7]9]
QA A +s e HAEY, 57] 24+

O L2 AMAL QI BHX 5{5} S AES a8a 3719 HEER W
A #2317 =2

Job FAEY EujHdl FES &
A WA 2ot ol F2 by
ok 7)o o] FAFo] wietrlo] FAH
2 FAsH o, #1of Re-Os molybenite
f Ak gl el 247y 3k 3xh 4ol RIS gm Agizge B Fel) 10 & Al 2
@l 5}2F2(~154 Ma, ~148-146 Ma, ~145

=|=H Ma)o] Jie 2o & "k A ch(Villeneuve and
EHdle Afuct FAZof $JAgE HalE Whalen, 2001). Endako Mine-2 Thompson Creck

o
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Metals Company Inc.”} 75% “12] 1l Sojitz Moly
Resources Inc.”7} 25%2] A E O 72 Zolsl WA
AAl oJsf FEIL UtE FAHLS F=
Denak FH-¢} A5, 128]3l Endako pitof| 4] 2
F =t o)3kslE ] B dl(molybdenum disulfide)
& Qo T oS A AR 4
3} E-2] 2 di(molybdenum trioxide)2 AYAF3HC).
Sojitz Ab= @A O] FA] 2] o] 31,000 vd
91 AL 55,000 Ud 5714 Sefst7] 915 A
48 Bsb|2 24U A7 2ud 9o
A o] FAYAFEE 2012 71A] 7,200 tyr =
2 37hd Ao g 7|dstaL Stk

Kamloops Z| o] €]*]3t Highland Valley <+
2] ke Ayl A 7 2 = A g4t
o= FeEjot He|udlS v)Rste Ao &
i} o] A4E|AL QiTh o] Fike- Egfojopi
7] Guichon Creek #]HF jof] x|5}aL It} o]
ARk 7HA oA SRR TPEA A
XU EoflA HEFo s EotEn, a3t
B vhel R o= 2570 et
A EXUOIESL dAtEE AoR duA
)tHOlade and Fletcher, 1976). ©] FARS Teck
Resources Ltd.2} Highmont Mining Co.7} Z}2¢
97.5%%} 2.5%2] A& 2o &2 JLAISE Highland
Valley Copper Partnershipof| 4] 7@t Zof Qlch.
Highland Valley 3Ate] Z2jHdl AJibeS
201041 o] & 17k 3,000 t o]Ato]n HA|7}A]
JE3] Z7)5kal QItH(Mobbs, 2012; USGS,
2015). o]+ Highmont, Lomex, Z12] 31 Vally pits
oAl AF == FA Y] ZeHAl o] EolX]
1 917] wj&o|t} Teck Resources Ltd. = o] 3F
T= UL FfistarAl skar §lom, 2025714
7hek = ols Ao= 7|giskal ok

Roca Mines Inc.7} 100% A|&E2 2831 =}
ARl FortyTwo Metal Inc.ol|4] &3kl Q=
Max Mine.& Hele|4] Sejulo} 29| %o
2] 2] 3t Revelstokeo| Al HAZ 22 oF 60 km
ol 3ol A2ttt Max Mineo] &2 =l

]
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Fopat8-2 PSSl vl EE Bk =
Bl PAko g wiely| 57) Trout Lake 31734
sokat Holzloz eApkElol YIrkLawley e
al., 2010). o] Ao A= 2013 1,800 to] =2
Hals YAk

Gibraltar 7-2]-&2] 2l ik HeEA] &
HHlo} F¢ Fiol flAIstar 9lom, vt
oA = WA R Z = AfF FALS = Taseko
Mine Ltd.of| A &F3kaL Qiek o] X[ Hefli= FA
HeE O g2 A} B xES= Edfo]olA 7] Granite
Mountain AJHto]| ARE8}1aL ¢Jc) Granite Mountain
ARk 2| AFAHFY, BdElolE, g
Suly Egetolem A, ol A
Q=T A Eeefol ol SuRE
Fhago] 31 4ol 7o) Upehix] i
Hof| & AbE3FcK(Schiarizza, 2015). Taseko
Mine Ltd.+= 1999\d] o] FAte] FddS &
535to] 20059 FE ZHegsgitt 20081 249
46,000 td 8=F0] w4 Aldo] ShEQlaL 2 T
Al A B8 E3f 55000 vd O] A 25
Aldo] 2011 of] 35| Qle) 2013 o=
o] AR ZEdl A4k 600 to|tt

Houstonof| /] FA|ZS & 123 km Folxl
Huckleberry 33-AF-2 Tahtsa Lakeo]] $]*]3}aL Q)
th. o] 2o $7] Wo}7] Bulkley ¥¢) A
o 2551 5 o) Wk 2 AT en A 5}
B GFE AESL glom, oSS
eb7] 27] Telkwa o] &5 SR A4
QHAFRFO R /¥ Hazelton Fwh ¥¢]okal
oIk 7o) e ajdi ol shaiglt <l
s wba sAEsr ol wiejsel it
(Ferbey et al., 2012). ©] 33-AF2 Imperial Metal
Corp.”7} 50% ~12]3! Mitsubishi Materials Corp.,
Marubeni Corp., Dowa Metals & Mining Co. Ltd,
12]31 Furukawa Co. Ltd. 2 FAE ZAA|Y
o] 50%2] A|E-& E-73F Huckleberry Mines
Lid.ofl A 28 Foll Jlerf 2013d9] =] Hdl
% AARRES 40 to]ck,

(e

r (o



H 3. JiLiCt &7 24 &= M 30| H3H2009EH~2013F) (modified after USGS, 2013)

Commodity 2009 2010 2011 2012 2013°
METALS
Molybdenum:
Mine output, Mo content 8,721 8,648 8,674 8,954 7,955
Nickel:
Mine output, Ni content 135,037 | 160,063 | 219,025 | 211,701 | 223,395
Refined 116,909 | 105,413 | 142,445 | 139,800 | 137,410

Niobium (columbium) and tantalum:

Pyrochlore concentrate:

Gross weight® 12,900 13,200 13,800 14,000 16,000

Nb content of ferroniobium 4,330 4,419 4,632 4,707 5,300

Tantalite concentrate:

Gross weight® 110 - 40 80 40
Ta content(Ta,Os) 30 - 10 20 10
Nb content 5 - - - -
Tungsten, mine output, W content 1,964 420 2,368 2,194 2,128

°Estimated, PPreliminary

Lz = Totten FAHS: 7ist7] flsf 7601t Ee

Zhttol| A YHo] APAkel= A2 Manitoba, = FASEATE o] FAtol A it BEo
Ontario, Newfoundland and Labrado, “12]il F9= ] 2.07%, YA 1.47%, T E 0.04%
Quebec 2ol A] AJAFE] T Q) 20134 & AJAE o] wjAFEFL- 7.89 MO 2 A HETE AA &
22 292 t o] Ontario?} Newfounland and F2 2016 71%] 2,200 t/do|w o4t 74ey 717k
Labrador 52] AJAleFo] oF 74%0] o] ETHE 2 20 0|t

3). YA 33402 oF 200,000 t o]A} 18|31 A Ontario =li= 6712} =8 U# F4bo] gle
UAL oF 140,000 t AEolm 20114 o]&& w T A YA AR oF 47%E A4
Bl AAE A7MAlERS Holw glok(® T Ontario 529) o Y2 3g4k2- Sudbury
3). 7Ytlo] BExsts nE YA Bate ne Ao $JR|Ict 24 S=of o8 AgE T
7} sulfide-type 3} = AFgd HEo| Ontario =3 Woll 2/duheH(granophre), 41¢g 2L,
9] Sudbury Basinol|A] F&% 1L 9th Vale J12al egfo] E(norite) = -4J % Sudbury 3}
Canada Ltd.2} Xstrata Nickel T 3]A}ol| A 7L} A ERA AMEEAL glon F o=
o} YA o] HA| ABAFEFS] 80%S A|3HAL §) o] HA| ool <l A HotA| 714
t}. 2006 0] Vale A= Worthington %] <] Hof whdstal QloKTherriault et al., 2002;

o

= MY 59



H 4, JiLict 8

(modified after USGS, 2013)

Major operating companies

Annual capacity

Commodity ams| e Gl GrTER Location of main facilities (Metrictons)
Highland Valley Copper
Partnership (TeckResources Highland Valley Copper Mine, Kamloops, British Columbia 3,600
Ltd., 97.5%, and Highmont E v Lopp : P, :
Mining Co., 2.5%)
Huckleberry Mines Ltd.
(Imperial Metals Corp., 50%,
and ? cohsqrt\um gomposed Huckleberry Mine, 123 kilometers southwest of Houston, British
of Mitsubishi Materials Corp., Columbia 40
Marubeni Corp., Dowa Metals
Molybdenum & Mining Co., Ltd., and
Furukawa Co., Ltd., 50%)
FortyTwo Metals Inc. (Roca Max Mine, about 60 kilometers southeast of Revelstoke, British
) ) 1,800
Mines Inc., 100%) Columbia
Taseko Mines Ltd. Gibraltar Mine, British Columbia 600
Joint venture of Thompson
Creek Metals Company Inc., Endako Mine, near Fraser Lake, about 160 kilometers northwest of 5.200
75%, and Sojitz Moly Prince George, British Columbia ’
Resources, Inc., 25%
Crowflight Minerals Inc. Bucko Lake Mine, near Wabowden, Manitoba 2
First Nickel Inc. Lockerby Mine, Sudbury district, Ontario 2
McWatters Mine, about 30 kilometers southeast of Timmins, Ontario,
Liberty Mines Inc. and the Redstone Mine, about 25 kilometers southeast of Timmins, 3
Ontario
Levack complex (includes the McCreedy West Mine and Morrison 5
Quadra FNX Mining Ltd. deposit), near Levack, Ontario
Podolsky Mine, Ontario 1
Sudbury mines  (includes the Coleman, Copper Cliff North, Copper
Cliff South, Creighton, Ellen, Garson, Gertrude, Stobie and Totten 106
Vale Canada Ltd. (Vale S.A.) Mines), Ontario
Manitoba division (includes the Birchtree Mine and the Thompson
) . 45
Mine), Thompson, Manitoba
Vale Newfoundland & Labrador Voisey's Bay Mines (includes the Ovoid Mine), Newfoundland and 80
Nickel Ltd. (Vale S.A.) Labrador
Xstrata Nickel (Glencore Raglan Mine in Ungave, Quebec 28
Xstrata plc, 100%) Fraser Mine and Nickel Rim South Mine in the Sudbury district, Ontario 20
Smelter in Sudbury, Ontario 110 (Ni oxide).
Vale Canada Ltd. (Vale S.A.) : g . <. )
Smelter in Thompson, Manitoba 82 (Ni anode).
Xstrata Nickel (Glencore ) ) '
Xstrata plc, 100%) Sudbury smelter in Sudbury, Ontario 131 (Cu-Ni matte).
The Cabalt Reﬁnery. 35 (Ni briquets and
Companylnc. (Moa joint owder): 4 (Co
venture of General Nickel S.A., Refinery in Fort Saskatchewan, Alberta pbri uet;‘ and
50%, and Sherritt International qow der)
Corp., 50%) P ’
) ) ) 57 (Ni pellets and
Refinery in Sudbury, Ontario
Vale Canada Ltd. (Vale S.A.) i i powder).
Refinery in Thompson, Manitoba NA.
Niobium ) ) L
) IAMGOLD Corp. Niobec Mine, Chicoutimi, Quebec 4,600 (No content).
(columbium)
Tungsten North American Tungsten Cantung Mine, Northwest Territories 3,500.

Corporation Ltd.

60 Minerals and

Industry



Ames et al., 2008). Sudbury 3FAF X]Lof = the
Coleman, Copper Cliff North, Copper Cliff South,
Creighton, Ellen, Garson, Gertrude, Stobie and
Totien F4FS0] B} 9k, o] B4k 2|7
L Vale SA7} 283} 9)= Vale Canada Ltd.
oA Fstar glom, ATt F A 106 t
© 2 Onatrio 5 U7 Y] oF 7% 244
3t Qich

Newfundland and Labrador 2] Voisey’s Bay
SFARL Vale Newfoundland & Labrador Ltd. o A
295kl 9lom 201310] 80 t & AYAISIRIT
Newfoundland & Labrador =5 &jjot7}of] ]%]
2k Nain A]2 AAYT] Nain Hupeby} o]&
Voisey’s Bay 34 o] slar ik oF 13¢
A Aof A (Amelin et al., 1999; Lambert et al.,
1999)3F o2 A Q)+ Voisey’s Bay 3H4g
A= ZA A bkt ESET|E
(troctolite) 2 <A ElTHLambert et al., 1999). 3%
St o] SMdAl 714l f1AIskaL
Fe= Beleke ESEo|E0] £ e,

Manitoba 5= Thompson A|] LAof £]X]3t
Manitoba Z]7-of|+= Birchtree2} Thompson 334t
o] it} o] %] %-& Thompson Nickel HE o} £
= FERUE o] Zde Y WAl WY
ol MAdAE-S AT YA FHPRe,
AHEupel, HHdHAR wupte s S E
o] HE AMZE 7PgAt o= HAEI A #
Ashiketo =z A E AT %7 supracrustal
QrAlo] AbEstH, F3li= o] WASHIE
= T2 A5k 47148 WA 294714 4k
Aol A UERdthPaktune, 1984). o] FAke-
Vale Canada Ltd.o| A &&Js}x1 9o 2013
o 45 1o Akt

Quebec 5+ Ungava©l 9]*]3}t Raglan 3FAk=
EHX Quebec?] YA Cape Smith AT AE Wl
E ujof] Wkl ek o] Havje) YRt &
& 2] 4 (parautochthonous) ] & 53} sFARHF
2 A% Povungnituk -7} Chukotat 50|

>

H3x35kar 9Ir) Chukotat 242 FulEjolo|E
Zl(komatiite) U R] &g o}o] EZ(tholleite) 2] =
& HEE AFUHeR AR P o]
S Wl Raglan Z2o| A=A 2| wElo]E
ol vfel=lo] QlthSeabrook et al. 2004). o] 3%
4hE Xstrata Nick AbolA] EFsh= o=
20130] 20 9] A& Aok
L&t GAE

AAACNA = HAz & Yeg FAikl
Niobee AR HAIA fet ok 2 Lo,
B ZALO 2 Quebec 2] Saint-Honore HA] 5
of $x]gtr}. o] FAR A1 YAl Saint-Honoré
carbonatite =514 2] Yro] 9x]5}aL Qit) o]
EPA= U E R et 4 km A= Z[3E9
LEEo] glom w4 7lEUELO] E(calcite
carbonatite), ¥-2-4(dolomite) 7} R UEO|E, 1
2|31 A3 7}RE UELo] E(ferrocarbonatite) 2 -
AEt olF 7HEUEOIE HEA|= A
W HEde s Euste] gl djFEo] a4y
oo} A3lelol| ofsf Y Q). 7hEUER|E W
ARRsiA e Tho] 23 = of(pyrochlore)
7F UL B F A FER EA 5 F3l
= A8} 45~180 m ol A vEhdth 2012
o]l Niobec Ao 4] AALE U QB2 4,707 to
2 201144632 0ol ¥l3) Z7h5|%ick 2]
Wit UE ARHENDOs) E$E 20114
(0.57%)°l| B]sl 0.55%= o ATt F4] 2] Y
Peko AEE ojv] 3% Z7}8FgIch20121,
2,155,000 t; 2011, 2,087,000 1). ko] B30
et ofH|EhGd 2AZE 20129 of) =33 =] QL
i, 71 AR EE #@3Yo] FAA] A= (open
stope mining method) 2 tH= 343] E2}H (block
caving mining method)o] -9 A7} £l 2ol
10 My A #2) Alde] 83 shae AL
Attt

7o) Bl o 5 Northwest =520
Flat River Valleyo] $J%|3}al $¢l+= Cantung

o
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H 5. JHLICH = XHEUHY 257 S= H 23 I

ols|7} o= 2 7|

>

MAXIRI £ (Natural  Resources Canada)

r

oAt

o

=
zal

-SRI4eE (Aboriginal Affairs and Northern Development Canada)

1t

Alberta (Dept. of Energy)

BC (Ministry of Energy, Mines and Natural Gas)

Manitoba (Dept. of Innovation, Energy and Mines)

New Brunswick (Ministry of Natural Resources)

Newfoundland (Department of Natural Resources)

Nova Scotia (Department of Natural Resources)

4
o
2l

Ontrario (Ministry of Northern Development and Mines)

Quebec (Ministry of Natural Resources and Wildlife of Quebec)

PEl (Ministry of Finane, Energy and Municipal Affairs)

Saskatchewan (Ministry of Energy and Resources)

Yukon (Mining Recorder Office, Energy, Mines and Resources)

NWT (Department of Industry, Tourism and Investment)

Mineo]| A AJAFEITE AYARFS A S8 Corporation Ltd.+= Cantung MineoflA <F
7171 AERE 20101 2] 420 = A|efshE 20099 340,900 tOf FAS o] 2,194 1] A
HFE 2013E71A] ©F 2,000 t L2 FE3HA AT 3 o] 52 B FHEE sl Al
AAkstar Stk o] A2 AAgHlol M 27] 7Y S AsE AlS 'ARe] R HEo] g2

Hoo}7]19] SIEZHE lower argillite, Swiss HE] gAHS 3]4517] 3 TRAER 4~
Cheese limestone, Ore limestone, upper argillite, 35t Ak
1271 dolomite® o] 017 HH5S wiely]
237kt 2 F&2 o]F0o|Zl Tungsten suite @ g = —°—| _rgcg g ;‘:_|-I|
7h #lstar Qlek g 2El A7hE Fildie 5
2 Swiss Cheese limestoneT} dolomite =of] Bhe- Hcte] FHdS 4RE AlQsties AW
s glon] Fa WA @B HFA Rl we] Foislof glo] 2 Ay %
=]

4
o
(scheelite)©]t}. 20121 North American Tungsten HE T} o et 5171 9D 7iEE 21y
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B 6. ZFHLICH F4F 257 BEF Y =0 ¢ s oHE
= s Prospecting - ) -
T T Mining Claims Mining Leases
7|12k 144 7|2k 154
- T2t gk 7|20 Jks
Alberta Slolsa mo gl | B 16~9.216ha BIE: &2 2,304ha
STOETEE w8 c$625 Adzilti2: $3.50/ha
F42E7} 6|8 & 2 $5/ha, CHS 4H2 10/ha, 1 013 §15/ha | LT BE E9/5t Ths
712k 14 -
s | 71214 Tlzlet ok et
ritis . - L bs
. 7|24d%: Jts MM o 25iiX|el MA e ARl YA dH|g (A ol = o
S | azigE:
Columbia | w|g: $500/cleim | $0.40/ha) ;;}F';L $10.00/ha
24 HoM|E: A 14 $4/ha, 1 0|F A $8/ha e+ e
7|2k 3~54 (x| o .
aat o) II2k 24 e
ket s | R gts s s
Manitoba | 8: $359/claim | ®=: 16~26ha ;;,ﬂxﬂ;gl?;ojpg Az $193
i(l)_/.:FE,*A} n/j\;;(: e u::g:: $;14+(£A+xlj’4), $§30(4H|.’F_A}K|‘i1) 1 Hx  asele  sesha (%
50~15/ha(X|™ 2 Homlg: A 104 o $12. 1 0|5 of $25. o < _ o
e |8 3104 4 $12.501a, 2 O 82500 | 1056 $1 250/hal7 ket 0l %)
7|2k ofd 12d 712k 1d 712k 204
New 3ol 2 712401%: 3ENR| Tk 7|12tAZy 40EnR| Ths
Brunswick 71 1274 BA: 2|0} 256 claim X 047kt 2: $6.00/ha
X AE TS H|8: $10.00/claim #4 Uz HH 395t Its
H|: $500/claim Z& HIM|2: 9$100~800/75 (7|2l w2} ciE) A4 AL2H|E: 21860.00/ha
712k 54 .
. iy 7|12k #oh254
7|2k 5 720d%: 153K Tk o .
Nzwiounda”d T7letEk ot Ddlﬁ: E] 2569: L@E\ claims Jppas jodolatel =R B2 1S
osd Zlolry 2
abrado | |2 g60/claim B8+ $60.00/claim ;;F‘ﬂ;' gi?,?oﬁi
4 HIM|8: $200~1200(7[ 242k X|Hof| w2} ChE) o o8 =T e
712k 1d
1A% Tks 7|Zk 204
Nova Scotia | H|&: $11.42 H|g: $5.71-182.85/claim (7|7tol|i2lcts) 1A% Tks
|4 HIH[E: 1~10:$200/claim, 11~158400/claim, 161 | AZFAHE: $120.90/claim
0| $800/claim
2k 5 ;'Ef FERE rEn
Ontario kel ghs BA16~256ha 7|2h%: It
§1S: $05.60/aim | U187 $20~61.20, claim S0l 2t B oAzl 2: $3.00/ha
o A4 HoH|S: M3 19 e, 2 o/F0f 16haoi $400% F7} | YT I 523l ts
Ik 54 71k 24 7|2k 204 )
Quebee | JIletzE ks TletE: Hsiete J[letE Ik (10644 33)

H|€: $34.25/claim

BH: 25~100ha
B8 $28.25~141.25, claim 0| w2} ctE

A7kl 2 $45.50/ha

Prince Edward

EfALoll  Ch3

712k 1d
7|2tA%y 4R TS
M. #0§80claims

I oo
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